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ReaD THIs SECTION FIRsT!

This manual contains all the physics tested on the MCAT and mare. It contains more physics than is tested on
the MCAT because a deeper understanding of basic scientific principles is often gained through more ad-
vanced study. In addition, the MCAT often presents passages with imposing topics that may intimidate the
test-taker. Although the questions don’t require knowledge of these topics, some familiarity will increase the
confidence of the test-taker.

In order to answer questions quickly and efficiently, it is vital that the test-taker understand what is, and is
not, tested directly by the MCAT. To assist the test-taker in gaining this knowledge, this manual will use the
following conventions. Any term or concept which is tested directly by the MCAT will be written in beld and
brown. To ensure a perfect score on the MCAT, you should thoroughly understand all terms and concepts that
are in bold and brown in this manual. Sometimes it is not necessary to memorize the name of a concept, but
it is necessary to understand the concept itself. These concepts will also be in bold and brown. It is important
to note that the converse of the above is not true: just because a topic is not in bold and brown, does not mean
that it is not important.

Any formula that must be memorized will be written in large, red, bold type.

If a topic is discussed purely as background knowledge, it will be written in italics. If a topic is written in ital-
ics, it is not likely to be required knowledge for the MCAT but may be discussed in an MCAT passage. Do not
ignore items in italics, but recognize them as less important than other items. Answers to questions that di-
rectly test knowledge of italicized topics are likely to be found in an MCAT passage.

Text written in orange is me, Salty the Kracker. T will remind you whal is and is not an
absolute must for MOAT. | will help you develop vour MCAT intuition, In addition, | will offer
mnemonics, simple methods of viewing a complex concept, and cccasionally some comic
1. i E L W - . - ' 1 _— 3 F - - - . 1 1 - i 1
e O § TEIOe IMe, even VLl | |I.I|- I 1 e FLUINMMYY, DOCALISe IMY COMmedEy 1S Gesie e -.'-':l'l_'"-.nl"

understand and l",'IJI'.IllA: CI. | i think | am funny, tell the boss. | could use a raise

Each chapter in this manual should be read three times: twice betore the class lecture, and once immediately
following the lecture. During the first reading, you should not write in the book. Instead, read purely for en-
joyment. During the second reading, you should both highlight and take notes in the margins. The third
reading should be slow and thorough.

The 24 questions in each lecture should be worked during the second reading before coming to class. The in-
class exams in the back of the book are to be done in class after the lecture. Do not look at them before class.

Warning: Just attending the class will not raise your score. You must do the work. Not attending class will ob-
struct dramatic score increases. If you have Audio Osmosis, then listen to the appropriate lecture before and
after you read a lecture.

If you are studying independently, read the lecture twice before doing the in-class exam and then once after
doing the in-class exam. If you have Audio Osmosis, listen to Audio Osmosis before taking the in-class exam
and then as many times as necessary after taking the exam.

A scaled score conversion chart is provided on the answer page. This is not meant to be an accurate repre-
sentation of your MCAT score. Do not become demoralized by a poor performance on these exams; they are
not accurate reflections of your performance on the real MCAT. The thirty minute exams have been designed
to educate. They are similar to an MCAT but with most of the easy questions removed. We believe that you
can answer most of the easy questions without too much help from us, so the best way to raise your score is
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to focus on the more difficult questions. This method is one of the reasons for the rapid and celebrated suc-
cess of the Examkrackers prep course and products.

If you find yourself struggling with the science or just needing more practice materials, use the Examkrackers
1001 Questions series. These books are designed specifically to teach the science. If you are already scoring
10s or better, these books are not for you.

You should take advantage of the bulletin board at www.examkrackers.com. The bulletin board allows you
to discuss any question in the book with an MCAT expert at Examkrackers. All discussions are kept on file so
you have a bank of discussions to which you can refer to any question in this book.

Although we are very careful to be accurate, errata is an occupational hazard of any science book, especially
those that are updated regularly as is this one. We maintain that our books have fewer errata than any other
prep book. Most of the time what students are certain are errata is the student’s error and not an error in the
book. So that you can be certain, any errata in this book will be listed as it is discovered at www.examkrack-
ers.com on the bulletin board. Check this site initially and periodically. If you discover what you believe to be
errata, please post it on this board and we will verify it promptly. We understand that this system calls atten-
tion to the very few errata that may be in our books, but we feel that this is the best system to ensure that you
have accurate information for your exam. Again, we stress that we have fewer errata than any other prep
book on the market. The difference is that we provide a public list of our errata for your benefit.

Study diligently; trust this book to guide you; and you will reach your MCAT goals.

Copyright @ 2007 Exarvkrackers, inc.
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PHYSICAL SCIENCES

DIRECTIONS. Most questions in the Physical Sciences test
are organized into groups, each preceded by a descriptive
passage. After studying the passage, select the one best
answer to each question in the group. Some guestions are not
based on a descriptive passage and are also independent of
each other. You must also select the one best answer to these
questions. If you are not certain of an answer, eliminate the
alternatives that you know to be incorrect and then select an
answer from the remaining alternatives. Indicate your
selection by blackening the corresponding oval on your
answer document. A pericdic table is provided for your use.
You may consult it whenever you wish.

PERIODIC TABLE OF THE ELEMENTS

11 2
H He
1.0 4.0 |
3 4 5 4] 7 8 9 10
Li | Be B C| N| O | F | Ne
6.9 9.0 10.8 | 12.0 | 14.0 | 16.0 | 19.0 | 20.2
.M 12 13 | 14| 15| 16 | 17 | 18
' Na | Mg Al | Si| P | S | Cl: Ar
230 ' 243 _ ‘ 27.0 | 261 | 31.0 | 32.1 | 355 . 39.9
19 : 20 1 21 22 . 23 24 25 26 27 28 29 30 31 3z 33 34 36 36

K Ca! Sc|Ti V!Cr Mn:Fe|Co| Ni|Cu|2n| Ga|Ge|As| Se | Br  Kr
39.1 " 401 | 45.0 | 479 50.2 | 52.0 549 | 558 | 589 | 58.7 | 635 | 654 | 69.7 | 72.6 | 749 | 79.0 | 79.8 | 83.8
37 | 38 39 40 41 42 43 a4 45 46 47 48 49 50 51 52 53 54
Bb Sr; Y | Zr Nb Mo Tc | Ru | Bh | Pd |Ag | Cd | In | Sn | Sb | Te | Xe
' 855 | 87.6 | 88.9 | 91.2 - 929 | 95.9 | (98} |101.1|102.9|106.4|107.9|112.4 114.8 | 118.7 |121.8|127.6|126.9 | 131.3
''B5 66 | 67 | 72 73| 74 75| 76 | 77 | 78 | 79 | 8O | 81 | 82 | 83 | 84 | 8 | 86
Cs  BajlLa*  Hf Ta | W [ Re | Os | Ir | Pt | Au | Hg| Tl | Pb | Bi | Po | At | Rn
132.9(137.3.138.9|178.5 180.9 183.9 186.2|190.2|192.2| 195.1(197.0|200.6 | 204.4| 207.2 | 209.0 | (209) | {210} (222) |
87 | 88 B9 | 104 105 | 106 107 | 108 | 109
 Fr ' Ra ; A¢” |Ung Unp Unh Uns|Uno|Une
i (223) §226.0i227.0 (261) {262} | {263) | (262} | (265) | (267)

58 | 59 60 | 61 ! 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71
* Ce | Pr Nd |Pm|Sm | Eu |Gd | Th | Dy | Ho | Er | Tm  Ybh | Lu .
1140.1/140.9 144.2| (145} 1150.4 | 152.0 | 157.3| 1589 | 162.5 164.9|167.3 168.9 173.0|175.0:
9 ' 91 92 | 93 ' 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103 -

- Th'Pa U !|!Np Pu Am|/Cm Bk | Cf | Es |Fm Md| No | Lr
232.0(231) :238.01(237) (244) | (243} | (247) | {247) | (251} | (252) | (257) | {258) | (259) | (260)
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Translational Moti

1.1 Solving a Physics Problem

Whether they realize it or not, any good physics student has a system to solve
physics problems. Some problems are so trivial that the entire system is done in the
mind in a fraction of a second. Other times, each step is given careful and deliber-
ate consideration. The following is iny system that you should use to solve every
single physics problem on the MCAT. For easy problems you will be able to do the
entire system in your head in seconds or less, but, the moment you feel any hesita-
tion, you should begin writing with your pencil.

Salty’s Own Never Fail 5-Step-System For Solving MCAT Physics
Problems:

Step 1: Be Confident. Don’t be intimidated by any MCAT question.
Remember the MCAT only tests basic physics. After reading this man-
ual, you will know all the physics necessary to handle any MCAT
problem.

Step 2: Draw a well-labeled diagram. A good diagram takes the question out
of the MCAT environment’, and puts it on your terms. Also, the act of
drawing a diagram allows you to think about the problem in different
ways.

Step 3: Narrow your focus to only the system of bodies in which you’re in-
terested. This may be the most cbvious step in physics but it is the one
most often forgotten. You must learn to concentrate upon only
the body ar bodies about which the question asks, and ignore all
extranecus information.

Step 4: Find a formula that uses the variables in your diagram. Write
down several formulas, and then eliminate until you find the
useful one. Actually write your formulas out on the test booklet.
It doesn’t take much time and it increases accuracy.

Step 5: Plug in values and calculate the answer. Note: This last step is
often unnecessary on the MCAT.

_F
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MOAT Prysics

1.2  Vectors and Scalars

Appreciating the difference between vectors and scalars will help you solve MCAT
physics problems. A scalar is a physical quantity that has magnitude but no direc-
tion. A vector is a physical quantity with both magnitode and direction. A vector
can be represented by an arrow. The direction of the arrow reveals the direction of
the vector; the length of the arrow reveals the magnitude of the vector.

1.3 Adding and Subtracting Vectors

In order io add vectors, place the head of the first vector to the tail of the second
vector, and draw an arrow from the tail of the first to the head of the second. The
resulting arrow is the vector sum of the other two vectors. Notice that the magni-
tude of the sum of two vectors must be smaller than, or equal to the sum of their
magnitudes, and greater than, or equal to, the difference of their magnitudes. In
other words, the sum of two velocity vectors that are 10 m/s and 7 m/s will be
greater than or equal to a velocity vector of 3 m/s, but smaller than or equal to a ve-
locity vector of 17 m/s.

To subtract vectors place the heads of the two vectors together and draw an arrow
from the tail of the first to the tail of the second, or add the negative of the vector to
be subtracted. The new vector is the vector difference between the two vectors.

head

tail L

Pt A

1.4 Multiplying Vectors

Vectors cannot be added to, nor subtracted from, scalars, or vice versa. However,
vectors can be multiplied or divided by scalars. When a vector is multiplied or di-
vided by a scalar the direction of the original vector is retained but the magnitude
changes in proportion to the scalar.

Technically, one vector cannot be multiplied by another. Instead there is something
called dot product and cross product. Although neither product is required by the
MCAT, you will be required to predict the results when certain vector quantities are
multiplied together. When multiplying two vectors, first check to see if the result-
ing physical quantity is a scalar or vector. If a vector, then the vector must point per-
pendicularly to both of the original two vectors, and the magnitude of the new vec-
tor is the product of the magnitude of the original vectors times the sine of the angle

Copyright €@ 2007 xan ks, e



between them. (V.. = V,V,sin8). There will always be two possible directions that
are perpendicular to both of the original two vectors. Right Hand Rule is used to de-
cide between these two directions. Although the MCAT Student Manual lists the
Right Hand Rule as being tested by the MCAT, it is unlikely that it will be. If the
product of the two vectors is a scalar, the magnitude of the scalar is equal to the
product of the magnitudes of the two vectors times the cosine of the angle between
them. (S, 4.« = V1V:c088). Since there are only a few instances on the MCAT that re-
quire multiplication of vectors, students often prefer to memorize each case sepa-
rately rather than memorize the above rules. This manual will cover all possible

MCAT occurrences of vector multiplication on a case by case basis.

1.5 Component Vectors

Any vector can be divided into twe perpendicular component vectors whose vec-
tor sum is equal to the original vector. This is often convenient, since vectors acting
perpendicularly to each other sometimes don't affect each other, or affect each other
only in a limited fashion., We shall examine this more closely in projectile motion,
circular motion, and other areas. In addition, any vector has an infinite number of
possible component vectors, offering great versatility in solving vector problems.

Resultant vector

The lengths of the component vectors are found through simple trigonometry such
as the Pythagorean Theorem and SOH CAH TOA

Copyright v 2007 Bxambkrackers, inc.
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4 - MCAT Pravsics

' sinf = /1
C H : cosf = A/ H
g ; tan® = Ui/ A
6 8
A A
thearem, we might &s Pythagorean Theorem: SOH CAH TOA
remember one of the most Al Bi= (2 F
car (R
the MCAT: the 3-4-5
trial _-'!.*'. d less
common cousin: the 5-12-
13 friangle.
way, SOH CAH TOA is a littie bit
ACAT. You should memoprize
0 = Hsin® L
A = HcosB
and cosine when nee (and, o . . ) )
aften, when not needed). 1.6 Distance-Displacement, Speed-Velocity, Acceleration

Distance and displacement are scalar and vector counterparts, as are speed and ve-
locity. In other words, displacement is distance with the added dimension of direc-
tion, and velocity is speed with the added dimension of direction. The definitions
of speed and velocity are given by the following formulae:

distance . displacement
speed = ——— velocity = —————
time time

Point A ,.-"'.PointB

If a man walks from Point A to Point B, his distance traveled can be measured by
the number of steps that he takes. Iis displacement is his position relative to his
starting point or his net distance. If Point A and Point B are 10 meters apart, the
man’s displacement is 10 meters to the right; however, the distance that he has frav-
eled is unknown, because he may have taken path X, ¥, or Z. If the entire trip took
100 seconds, the man’s average velocity is his displacement divided by the time or

Capynght < 200/ Eramlaackers, Inc.



0.1 m/s to the right. Notice that the average velocity is independent of the path cho-
sen. The man’s average vertical velocity during the lrip was zero. Since the man's
distance is unknown, his speed or instantaneous velocity at any moment during the
trip is unknown. Even if the man took path Y, he may have covered the first half of
the trip in 99 seconds and the second half in 1 second, thus, not maintaining a con-
stant velocity or speed.

Acceleration is a vector, and is defined as the rate of change in velocity.

change in velocity
time

acceleration =

Any change in velocity, in either magnitude or direction, is acceleration. This means
that a particle must accelerate in order to change the direction of its motion. An
object traveling at 10 m/s north one moment and 10 m /s east the next moment has
accelerated even though it is moving at the same speed. This also means that a
particle moving at constant velocity has no acceleration.

You have a natural intuition aboul velodity, but not about acceleration. For instance,
we all know what it feels like to move at a velocity of 535 miles/hour, but what does
it feel like to accelerate at 55 miles/hour'? Are we thrown to the back of our seats,
or do we become impatient wailing to reach a good speed. We can understand 55
miles//hour” as a change in velocity of 55 miles/hour every hour. In other words,
starting from zero by the side of the highway, it would take us one hour to reach a
velocity of 55 miles/ hour, and still another hour to reach 110 miles /hour. Now you
know what it feels like toaccelerate at 55 miles/hour.

Une more point aboul acceleration: Velocity and acceleration do NOT have ko be in
the same direction. A particle can be moving to the left while accelerating to the
right, or moving up while accelerating down. For instance, a ball thrown upwards
is accelerating downwards even while moving upwards. In fact, it is even
accelerating the moment it reaches its maximum height where its velocity is zero.

Sorry, no can do.
E';i.'it'l 1Ce L'-\.|_" eriment
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Questions 1 through 8 are NOT based on a
descriptive passage.

1. A weather balloon travels upward for 6 km while the
wind blows it 10 km north and 8 km east. Approximately
what is its final displacement from its initial position?

A. Tkm

B. 10km
C. l4km
D. 20km

2. Which of the following gives the average velocity of an
athlete running on a circular track with a circumference
of > km, if that athlete runs 1 km in 4 minutes?

A. 0Om/s

B. 2m/s
C. 42m/s
D. 16.8 m/s

3. A man entered a cave and walked 100 m north. He then
made a sharp turn 150° to the west and walked 87 m
straight ahead. How far is the man from where he entered
the cave? (Note: sin 30° = 0.50; cos 30° = (0.87)

A, 25m
B. 50m
C. 100m
D. 150m

4. The earth moves around the sun at approximately 30 m/s.
Is the earth accelerating?

A. No, because acceleration is a vector.

B No, because the net displacement is zero.
C. Yes, because the speed is not constant.

D. Yes, because the veloctty is not constant.

5. An airliner flies from Chicago to New York. Due to the
shape of the earth; the airliner must follow a curved
trajectory. How does the curved trajectory of the airliner
affect its final displacement for this trip?

A. The displacement is less than it would be if the air-
liner (lew in a straight line (0 New York.

B. The displacement is greater than it would be if the
airliner flew in a straight line to New York.

C. The displacement is the same as it would be if the
airliner flew in a straight line to New York.

D. The final displacement of the airliner is zero.

Copynght €@ 2007 Examkrackers, Inc.

6. An automobile that was moving forward on a highway

pulled over onto the exit ramp and slowed to a stop. While
the automobile was slowing down, which of the following
could be true?

A. The velocity was positive and the acceleration was

positive,

B. The velocity was negative and the acceleration was
negative.

C. The velocity was positive and the acceleration was
negative.

D. The velocity and acceleration had the same sign, ei-
ther positive or negative.

. All of the following describe the magnitude and direction

of a vector EXCEPT:
A. 10 m/s West

B. 10 m/s in a circle
C. 20 m to the left
D. 20 m straight up

. An elephant runs at a speed of 36 km/hour. Based on this

information, how far can the elephant run in 10 seconds?

A. 10m
B. 50m
C. 100m
D. 200m

STOR



1.7 - Uniformly Accelerated Motion and Linear Motion

Uniformly accelerated motion is motion with constant acceleration. Since accel-
eration is a vector, constant acceleration means that both direction and magnitude
of acceleration must remain constant. A particle in uniformly accelerated motion
will accelerate at a constant rate regardless of the path traveled by the particle. The
most common example of uniformly accelerated motion on the MCAT is a projec-
tile. Ilowever, before we examine projectile motion we will examine the rules for
the simpler case of uniformly accelerated motion along a straight line.

For a particle in uniformly accelerated motion on a linear path, there are four basic

variables that will describe its motion completely: displacement (x), velocity (v), ac-

celeration {(a), and time (f). The first three of these are vectors and the last one is a

scalar. The values for these variables can be found through three basic equations.

These equations can be derived with calculus, but it is far better for you to memo-

rize them. We will refer to these equations as the linear motion equations. However, 1. ooyaions an e oo
remember that constant acceleration is required for all of them. The equations are: . joian qoeeloation,

.
X=x,+0,t+yat

v=0v,+at

o' =v.+ 2ax

In order to use these equations, there must be constant acceleration and linear mo-
tion. When choosing which equatien to use, pick the one for which you know the
value of all but one of the variables.

The velocities above are instantaneous velocities, or velocities at a given moment in
time. Another concept that is useful on the MCAT is average velocity. Average ve-
[ocity in a uniformiy accelerated motion problem is given by:

1. z
t?a'rr-'. = ?(ﬂ + ":"n)

1.8 Graphs of Linear Motion

Most graphs of linear motion will be plotted as displacement, velocity, or accelera-
tion, versus time. For these graphs, you should know the significance of the slope,
the line, and the area under each curve.

On a displacement versus time graph, the slope at any point is the instantaneous ve-
locity at that time. An upward slope indicates positive velocity; a downward slope,
negative velocity (velocity in the reverse direction). A straight line indicates that the
slope is constant and, thus, the velocity is constant as well. A curved line represents
a changing slope, which indicates a changing velecity and thus acceleration.
(Acceleration is the rate of change in veleocity.) The area beneath the curve has no
meaning for a displacement versus time graph.
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Sometimes students look at these
graphs and imagine that the particle
follows & path that somehow resembies
the line. This is incorect. On the
displacement versus time graph, if the
slope is positive, the particle is moving in

the positive direction (let’s say to the
rghty. It the slope is negative, the
particle is moving in ihe opposite
direction, Notice also that the graph tells
us nothing about any perpe ular
motion (sp or dawn, In or out) that the
particle may have.

30

20 e s s

e / \ J
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20 "

30

If the graph above describes the position of a particle confined fo a horizontal line,
and we arbitrarily cheoose the rightward direction as positive, then between zero
and 20 seconds the particle’s velocity is 1 m/s to the right. Between 20 and 40 sec-
onds the particle is stationary at a position 20 meters to the right of its initial posi-
tion. At 50 seconds the particle is back where it started but moving at 2 m/s to the
left. Also at 50 seconds it has traveled a distance of 40 meters, yet its displacement
is zero. At 60 seconds the particle changes directions and begins accelerating to the
right. The average velocity of the particle after 100 seconds is 20 m /100 sec or (.2
m/s to the right. If you just read through this very quickly, go back now and ex-
amine the graph at each step, and try to derive the values for yourself.

The linear motion equations can be used on any of the straight-line sections of the
displacement graph, because acceleration for those sections is a constant zero.

On a velocity versus time graph, the slope at any point is the instantaneous accel-
eration at that time. An upward slope indicates positive acceleration; a downward,
slope, negative acceleration. Negative acceleration is not necessarily slowing down.
[t is acceleration in the reverse direction, which means slowing down if the velocity
is already in the positive direciion, or speeding up if the velocity is already in the
negative direction. A straight line indicates that the slope is constant and, thus, the
acceleration is constant as weil. A curved line represents a changing slope, which in-
dicates a changing acceleration. The area beneath the curve can represent distance
or displacement. If we label all the area between the curve and zero velocity as pos-
itive, the area represents distance. If we label the area below zero velocity as nega-
tive, the total area represents displacement.

opyriahl B2
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If, again, we assume that the above graph is of a particle moving horizontally with
the positive direction to the right, we see that the particle began with a velocity of
10 m/s. The particle is constantly decelerating for the first 20 seconds. At 10 sec-
onds, the particle has traveled 50 meters to the right (not zero meters). At 20 sec-
onds the particle has a total displacement of zero from its starting point but it has
traveled a distance of 100 meters. Between 20 and 40 seconds the particle has no ac-
celeration and is moving at a constant velocity to the left. At 80 seconds the particle
begins decelerating to the right or accelerating to the left {either is correct, think
about it). This deceleration is not constant, however, as is indicated by the curved
line. At 100 seconds the particle has a positive, nonzere displacement. Calculating
the displacement would require subtracting the area under the x-axis and above the
curve from the area above the x-axis and under the curve. To find the total distance
traveled would require adding these areas, because distance is not dependent upon
direction. Although, when the curve is below the x-axis, the displacement is nega-
tive, the entire area between the curve and the x-axis represents positive distance
traveled. (Distance has no direction.)

Copyright 10 2007 bxamkracsers, Inc.

LECTURE T: TRANSLATONAL MOTION - 9

There are two important graphs likely to
be an the MCAT. displacement vs. time
(d/t graph), and velocity vs. time (v/t
graply). On the d/t graph, the slope is
5. Un
the v/t graph, the slope is acceleration,
and the area is displacement. Study
these paragraphs
heneath them) untit vou are comfortable
with afi their aspects. The MCAT is very
fond of guestions that reguire you 1o
intemrat graphs.

velocity, and the area |s meaningles

graphs (and the
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‘Want a fast, easy way to solve projectile motion problems without using the

equations? Use a v/t graph as follows. Draw a line and label the left end with the
initial velocity and the right end with the final velocity. If the acceleration is
constant, this line represents the line on a v/t graph. The exact middle of the line is
always the average velocity. Since the displacement is the average velocity times the
time, you know the displacement. If you don’t know the time, it is the change in
velocity divided by the acceleration, or the difference between the two ends of your
line divided by the rate of change in velocity. Remember to always think of
acceleration as how fast velocity is changing.

It’s not as complicated as it sounds. Watch.

What is the distance traveled by a particle that starts at 30 m/s and accelerates to 50
m/s in four seconds? What is the acceleration?

50 m/s

30 m/s

50 m/s

1) draw and label your line

3 ) 40 m/s
2) find the average velocity exactly at the middle —

30 m/s

3) average velocity times time is 160 m.
4) the acceleration is 50 minus 30 divided by four = 5 m/s”

An object is dropped from a plane and falls for 5 seconds. How far does it fall?

50 m/s
1) Vertical velocity for a projectile changes
by 10 m/s each sccond so final velocity 0 m/s
is 50 m/s.
2) draw and label your line
50 m/s -
3) find the average velocity exactly at the middle —st+
25 m/s
4) average velocity times Hme is 125 m. 0 m/s

Copyright © 2007 Examkrackers, Inc.



Questions 9 through 16 are NOT based on a
descriptive passage.

9. Which of the following graphs best represents a particle
with constant velocity?

A.

P

displacement
displacement

time time

==
)

acceleration
acceleration -

time time

10. The graph below represents a particle moving along a
straight line. What is the total distance traveled by the
particle from £ = 0 to ¢ = 10 seconds?

30

20

10

velocity (m/s)

5 1 15
time (s)

0Om

50 m
100 m
200 m

SOEE
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11. Which of the following is the most probable description
of the motion of the ohject depicted by the graph below?

12.

13.

14.

D.

velocity
<

time

A person on a bike accelerating in a straight line,
and then decelerating.

A baseball thrown by a pitcher and hit by a batter.
A planet in orbit.

One swing on a pendulum.

A car accelerates at a constant rate from 0 to 25 m/s over
a distance of 25 m. Approximately how long does it take
the car to reach the velecity of 23 m/s?

el e

ls
2s
4
8s

A particle moving in a straight line slows down at a
constant rate from 30 m/s to 25 m/s in 2 seconds. What is
the acceleration of the particle?

A, -125m/¢

B. 25m/s

C. -50m/s?

D. 100 m/s’

The graph below shows the displacement of a particle
over time. -

displacement

time

The particle exhibits increasing:

displacement
velocity
acceleration

I only
1I only

I and II only
I and 11T only

GO ON TO THE NEXT PAGE.



15. A driver moving at a constant speed of 20 m/s sees an 16. The graph below represents a particle moving in a straight
accident up ahead and hits the brakes. If the car line. When ¢ = 0, the displacement of the particle is (.
decelerates at a constant rate of —5 m/s”, how far does the -

~— |

car go before it comes to a stop? d |

A g10 ’ E 151

. m > |

B. 20m -g 10+
C. 40m S :WL \
D. 100m 0 } ' :
0 5 10 15

time (s)

All of the following statements are true about the particle
EXCEPT:

A. The particle has a total displacement of 100 m.

B. The particle moves with constant acceleration from
0 to 5 seconds.

C. The particle moves with constant velocity between
5 and 10 seconds.

D. The particle is moving backwards between 10 and
L5 seconds.
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1.9 Projectile Motion

Projectile: a body projected by an external force and continuing in motion by its
own inertia. Because projectile motion is not linear motion, we cannot apply the Jin-
ear molion equations directly. However, we can separate projectile motion into per-
pendicular components and analyze it as two distinct linear motion problems.
Separate the motion into vertical and horizontal components. For the vertical mo-
tion, acceleration is constant and due to gravity (10 m/s%). For ideal situations with
no air resistance (as on most MCAT problems) the horizontal acceleration is a con-
stant zero,

0

sing . S

cost

=0 =0 - sinf
w = cost .= sinB

=0 _=-10 m/s’

In the diagram above a projectile experiencing no air resistance is launched with a
velocity v at an angle 0. In order to describe this motion with the linear motion
equations, we must separate the motion into perpendicular components. For con-
venience we choose the horizontal and vertical directions. Using SOT1 CAH TOA
we find that the initial vertical velocity is always vsing and the horizontal velocity
remains constant at vcos0. Notice that there is no acceleration in the horizontal di-
rection, and therefore no change in horizontal velocity throughout the flight. Notice
that the vertical acceleration throughout the flight remains constant at g. At its peak
height (4, the projectile has no vertical velocity but is still accelerating downwards
at 10 m/s.

The peak height of the projectile can be found from the equation:

[r |_.
| ..g-_rgrnls'

v,8in 0 =

= Ine.

= =10 m/s"

cost
-0

13
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where g is positive 10 m/s”. By substituting vsing for v,sin®, this equation gives the
final velocity v of a projectile when dropped from a height /. Tt can be derived from
special cases of the third linear motion equation and, by doing so, you can see why
positive g is used.

Notice that the path of a projectile not experiencing air resistance is independent of
the mass of the projectile. [n a vacuum, a bowling ball will follow the same path as
a ping pong ball if their initial velocities are the same.

You should also know that vertical velocity alone dictates the time of flight for a
projectile. The range (horizontal distance) is the horizontal velocity times the time
in flight; thus the range is dictated by both horizontal and vertical velocities.

Finally, a projectile exhibits symmetry: its path upward is the mirror image to its
path downward. This means that for a projectile over a flat plane time is the same
for both halves of the flight, and initial speed is equal to final speed.

1.10 Air Resistance

Air resistance is created when a projectile collides with air molecules. Ajx resistance
is a type of friction. We will discuss friction in Lecture 2. Air resistance takes away
energy and slows a projectile. For the MCAT, you need to understand air resistance
only qualitatively. In other words, you don’t need to memorize or be familiar with
any formulae.

Large surface area increases air resistance because it allows for more collisions
with air molecules.

Shape also affects air resistance. Streamlined objects with smooth surfaces experi-
ence less air resistance than irregularly shaped, rough objects.

Generally speaking, the higher the velocity, the greater the air resistance.

Mass doesn’t change the force of air resistance, but it does change the path of the
projectile experiencing the air resistance. Since the force of air resistance remains
constant for any mass, then, from F = ma, we see an inverse relationship between
mass and acceleration; acceleration must decrease as mass increases. This accelera-
tion is not g; it is only the deceleration due to air resistance. Thus, larger masses ex-
perience less deccleration due fo air resistance because they ave less affected by the
sawme force of air resistance.
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To understand how air resistance affects a projectile, compare a bowling ball (a
massive projectile) with a volley ball (a less massive projectile). Propel both of them
down a bowling alley at bowling pins. The bowling pins represent the air molecules
that create air resistance. Both experience the same resistance, but the volley ball is
deflected to the side while the bowling ball moves through the pins like theyre not
there. Alr resistance has less effect on a more massive object,

1.11 Equation Summary

a=

I

i
t

d
t

v = %E

d=distance d=displacement f=time
v =speed © = velocity d = acceleration

1 2 t=time
X = x, + v.u.t +E 1 x= djEPh‘:ment
i = height
=5 - S
DT v = velocity
a must be constant. — v'=v,+2ax a = acceleration

T+
Vieg = Tﬂ

v=[2gh ]— v, must be zero.
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21. A projectile is launched at an angle of 30° to the
horizontal and with a velocity of 100 m/s. How high will
the projectile be at its maximum beight?

Questions 17 through 24 are NOT based on a
descriptive passage.

A, 100m

. ) B. !Z5m

17. If an apple that is dropped from an altitude of 100 m C. 250m
reaches an altitude of 80 m after falling for ¢ = 2 seconds, D. S00m

what altitude will it be at in ¢ = 4 seconds?

g' % $ 22. Two balls are dropped from a tall tower. The balls are the
C: 20 m same size, but Ball X has greater mass than Ball ¥. When
D. Om both balis have reached terminal velocity, which of the
following is true?
) . ) . A. The force of air resistance on either ball is zero,
18. ng skydivers are pla.ymg catf:h w1.th a b.all Whllf.‘: they are B. Ball X has greater velocity.
fglhng through the air. Igrprmg air resistance, in \‘Vh‘lCh C. The Ball X has greater accelecation.
direction should one skydiver throw the ball relative to D. The acceleration of both balls is 9.8 m/s2.

the other if the one wants the other to catch it?

A, above the other sinee the ball w%“ fall faster 23. A hiker throws a rock horizontally off a cliff that is 40
B.  above the other since the balt will fall more slowly meters above the water below. If the speed of the rock is
C. below the other since the ball will fall more slowly 30 /s, how Jone does it take f.or the rock 1o hit the water?
D. directly at the other since there is no air resistance (ignoré air resistga ncek g = 10 m/sh) )
) . A, 3sec
19. If an antelope is running at a speed of 10 m/s, and can B. 4 sec
maintain that horizontal velocity when it jurps, how high C. 5 sec
must it jump in order to clear a horjzontal distance of 20 bD. 6 sec
m? ' '
:;' ?Omm 24, A golfer hits a ball with an initial speed of 30 m/s at an
C. 20 m angle of-40° to the horizontal. If the ball is in the air for 6
D- 45 m seconds, which of the following expressions will be equal
) to the horizontal distance traveled by the ball? (Ignore the
effects of air resistance.)
20. Ignoring air resistance, if the initial height of a body in A, (15)6)(cos 40°) m
free fall is increased by a factor of 4, the final velocity B.  (30)(6)(cos 40°) m
when it hits the ground will increase by a factor of: C.  (15)6)4sin 40°) m
A, 2 D.  (30)(6)(sin 40°) m

B. 4
C. It depends upon the value of the initial height.
D. The velocity will remain the same.
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2.1 Mass and Weight

Whether moving or at rest, all objects tend to remain in their present state of mo-
tion. This tendency of an object to remain in its present state of motion is called
imertia. Mass is the quantitative measure of an object’s inertia. An object’s mass
tells us how much that object will resist a change in its motion. On the MCAT, mass
is measured in kilograms (kg).

Here in space | am virtually
weightless. Yet, my mass is the
same as it is on earth. Regardless
of where | go, my mass does not
change.

Weight is the gravitational force an object experiences when near a much larger
body such as the earth. On the MCAT, weight is measured in newtons (N}. An ob-
ject’s weight at the surface of the earth is given by the product of its mass and the
gravitational constant g. Thus, the weight of any object at the surface of the earth is
‘mg’. Weight and mass are proportional to each other, but they are not the same
physical quality.
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2.2 Center of Mass

When solving mechanics problems it is often convenient to consider an object as a
single particle with its mass concentrated at a single point. This can be done with-
out error as long as the point chosen is the center of mass and all forces move
through the chosen point. The center of mass of a system is the single point at
which, for the purposes of a simple mechanics problem, all the mass of that system
can be considered to be concentrated. More precisely, the center of mass is the point
through which a single force may be applied in any direction causing all poinis on
the system to accelerate equally. For the MCAT it is important that you be able to
locate the approximate center of mass of a system. If a system is uniformly dense,
then its center of mass coincides with its geometric center. If the system is not uni-
formly dense, then its center of mass is located toward the denser side from its
geometric center. For example, a cube made of one half lead and the other half
Styrofoam would have a geometric center at its middle; however, its center of mass
would be located toward the lead side of that geometric center. Notice that the cen-
ter of mass of an object does not have to be located within that object. For example,
a ring with uniform density has a center of mass located at its circumscribed center,
a point where there is no mass. The center of gravity of an object is the single point
at which, for the purposes of a simple mechanics problem, the force of gravity can
be applied to the entire mass. If gravity is the only force, the result will be the same
regardless of the orientation of that mass. The center of mass and the center of grav-
ity will always coincide.

Center
of mass

The center of mass is the point where, if you could hang your system by a string,
your object would be perfectly balanced in any orientation. But center of mass isn't
limited to systems with only one object. A system with any number of objects also
has a center of mass.

For instance, if the spheres in the diagram above were of uniform density, the cen-
ter of mass would be in the position shown. If these spheres were planets, and if a
spaceship were far away, they would appear as a single small dot. The ship would
be affected by their gravitaticnal force as if their entire mass were concentrated at
the center of mass of the system.

2.3 The Nature of Force

There are only four forces in nature. They are:

1. the strong nuclear force;
2. the weak nuclear force;

3. gravitational force;
4

electromagnetic force.
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The first two are not on the MCAT. Thus, all forces on the MCAT will be gravita-
tional or electromagnetic. This would make identifying forces very easy except for
one problem. Some electromagnetic forces are difficult to identify. For instance, if a
person pushes a book with his finger, this force is actually electromagnetic.

The electrostatic repulsion between the atoms in the person’s finger and the atoms
in the book create a force that we naturally think of as being created by contact.
Since it is difficult to think of such contact forces as electromagnetic, we will label all
such forces as ‘contact forces’ instead of electromagnetic.

Thus, for any MCAT problem, there are only three possible forces:

1. gravitational;

2. electromagnetic; and

3. contact.
Only gravitational and electromagnetic forces act a distance. These forces are easy
to identify. Gravity is usually just mg. Electromagnetic forces require a charged ob-

ject or a magnet. In order for any other force to be acting on a system, something
must be making visible contact with the system.

Contact forces must act in at least one of two directions:

1. perpendicular to a surface; and /or

2. parallel to a surface.

(An exception js tension, which is a contact force that can act in any direction away
from the object. Tension will be discussed later in this Lecture.} The perpendicular
force is also called the normal force. The parallel force requires friction. Both the
normal force and friction will be discussed later in this Lecture.

1 9 et's go back to my S-sh stemn. The third sk 0osing a

e
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For instance, if we are interested in the movement of the box in the diagram below,
we should consider only the forces acting on the box. The top diagram contains a

kinds of force vectors and is nearly useless. The black vectors in the bottom diagram
represent only forces acting on the system (the box) and are the only forces that
5:i|l.:'_||l_| |l:_' Q'|II=-‘.il.i!_'i‘-:‘l'E. =0, hirst |||'.':".'. :l'lk" '.'-'.'._E;‘l':l' Fom 05, i|"-.'i| ATy l.'i:'-."l'-._.'ll' ‘!\,:II"'!: i
forces, and then any contact forces, which can only be due to something making di-

rect physical contact with your system.

2.4 Newton's Laws

Mewton's First Law is the law of inertia: an object in a state of rest or in a state of
motion will tend to remain in that state unless it is acted upon by a net force.

Newton's Second Law tells us quantitatively that, when an object is acted upon by
anet force, the change in that object’s state of motion will be inversely proportional
to the mass () of the object and directly proportional to the net force (F) acting
upon the object. In formula, Newton's second law is:

F=ma

Newton's Third Law states that, for every action, there exists an equal and oppo-
site reaction. This simply means that when object A applies a force to object B, object
A experiences a force of equal magnitude but in the opposite direction. Newton's
third law forces never act on the same system.

How can the horse accelerate the cart? No matter low hard the horse pulls, the cart

pulls back just as hard, How can it possibly move?



Force onthe cart
due to the horse

Force onthe horse
due to the cart
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Questions 26 through 32 are NOT based on a
descriptive passage.

25. An astronaul on the moon applies a 100 N horizontal
force to a L0 kg rass at rest on a table. At what rate does
the mass accelerate? (Note: The gravitational constant at
the moon’s surface is 1.6 m/s”. lgnore friction.)

5 m/s’
& m/s’
10 m/fs?
16 m/s*

cawy

26. A bottle rocket is launched into the air. The black powder,
which propels it, burns leaving an exhaust trail mainly
consisting of CO, gas. If the force propelling the rocket is
constant, the rate of change in its velocity: (Note: ignore
air resistance)

A. remains constant.

B. decreascs.
C. increases.
D. s zero.

27. A 10kg mass is in free fall with no air resistance. In order
to slow the mass at g rate equal to the magnitude of g, an
upward force must be applied with magnitude:

A. ON
B, ION

C. 100N
D. 200N

28. A 50 kg skydiver and a 00 kg skydiver open their
parachutes and reach a constant velocity. The net force on
the larger skydiver is:

A. equal to the net force on the smaller skydiver.

B. twice as great as the net force on the smaller sky-
diver.

C. four times as great as the net force on the smaller
skydiver.

D. half as great as the net torce on the smaller skydiver.

Copynghlss 2007 bxamkenokats, Ine,
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29,

30.

31.

32,

If F is the force of air resistance on an object with mass
m moving at a constant velocity, which of the following
best describes the acceleration of the object when the
force of air resistance is reduced by a factor of 47

A. Fim

B. lF/n'z
2
1

C. ZF/m
3

D. ZF/m

The system below consists of three spheres of equal mass
.

@ (&)
e e R
1234567809

The center of mass of the system is located at point:

PoRP
(o SRV, EENFY

An airplane’s propellers exert a force on the plane of 2500
N to the east. Wind resistance of 500 N acts to the west.
If the weight of the plane is 40,000 N, what is the accel-
eration of the plane?

A. 0.5 m/s® to the east
B. 0.5 m/s® to the west
C. 0.05 m/s® to the east
D. 0.05 n/s® 1o the west

An automobile with a mass of 3000 kg is traveling down
a straight flat road a1 a constant speed of 20 m/s. The
coefficient of friction between the tires and the road is
0.5. The net force acting on the automobile is:

A. ON

B. 30,000 N
C. 60,000 N
D. 90000N

STOP



2.5 The Law of Universal Gravitation

MNewton's Law of Universal Gravitation states that every mass in the universe
exerts an attractive force on every other mass in the universe, and that the force is
proportional to both of the masses m and i, and inversely proportional to the
square of the distance r between their centers of mass. Notice that the distance is
from the center of one mass to the center of the other, and not the distance between
their surfaces. The formula representing the law of gravitation is given as follows:

where G is 6.67 x 107" m’ kg’ 5. This formula gives the magnitude of the force but
not the direction. The direction is from the center of mass of one object to the cen-
ter of mass of the other. According to Newton's third law, both masses experience a
force of the same magnitude. Since this is frue, the earth pulls you toward its cen-
ter with a force equal to your weight, and you, in turn, pull the earth toward your
center of mass with a force also equal to your weight. When we use the gravita-
tional acceleration constant g, we consider the force that the object exerts on the
earth as negligible and assume the earth to be stationary. Of course, due to the large
difference in mass, this is a very good assumption. However, if we examined the
two bodies below, and were asked to find how fast they would accelerate toward
each other, we would have to apply Newton's second law to each mass, and then
add the magnitudes of their accelerations.

A
boundary A
MM,

IF =R =Mla, |l =M,la,l=CGC
P

In other words, suppose that the gravitational force on object A caused it to accel-
erate 10 m/s?in the direction of object B. Assuming object B is half as massive as
object A, although the gravitational force on B is of equal magnitude, object B ac-
celerates at 20 m/s*. These values represent the separate accelerations of the objects,
but the two bodies are accelerating toward each other at a faster rate. To find out
how fast the bodies are accelerating toward each other, we must add the magni-
tudes of their individual accelerations for a value of 30 m/s”. Tn other words, object
B is accelerating relative to object A at 30 m /st butitis accelerating relative to a sta-
tionary boundary A at only 20 m/s’.
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Why do things Hloat when in orbit around the earth? Have they gone out of reach
of earth’s gravity? What is the reach of earth’s

eravity ? By Mewton's law of BIay
eravity may become very woeak at great distances, but it extends forever. So even
things in orbit should fall toward earth at some rale. Besides, look how closely Sky

Lab orbited the varth. Could this have been out of reach of earth’s gravity? Yet,

¥
Y

WK
kneww that things fAoated on Sky Lab. Let's come back te this question when we
discuss circular motion.

]
- -




2.6  Inclined Planes

The inclined plane is a specific topic often tested by the MCAT. There are certain
basic characteristics that exist for all inclined planes. Once we understand these
characteristics, all inclined plane problems become trivial.

In the simplest, idcal case {no friction and nething attached to the block), the only
forces acting on a block on an inclined plane are gravity pushing straight down-
ward, and the inclined plane pushing back. The force of the inclined plane pushing
back against the gravitational force is called the normal force (F)). The normal
force is always perpendicular to the surface that applies it. Your diagram of a block
on a frictionless inclined plane should look like the diagram on the right.

Since gravity and the normal force are the only forces acting on
the block, their sum is called the net force. It is the net force that
should be plugged into Newton's second law to find the accel-
eration of your system. Notice from the picture below that
vector addition of gravity and the normal force creates a right
triangle. Notice also that this triangle is similar to the triangle of
the inclined plane. Similar triangles have equal corresponding
angles. By SOH CAH TOA we find that the resultant vector has
a magnitude of nigsing. Thus the force due to gravity and the
normal force of an inclined plane is always equal to mgsin® for
any inclired plane and points directly along the plane.

Remember that mgsind is the vector sum of the weight and the

normal force. You may not label your system with both ngsin®
and weight or the normal force, since this would be redundant.

nl

Vector addition of :G mg

F, +mg . 6

You may also notice from the diagram above that, by the rules of SOH CAH TOA,
the normal force is always equal to mgoosd.

i
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2.7 Circular Motion and Centripetal Force

Angular velocity (w) and angular acceleration (@) are not tested on the MCAT. We shall
address them briefly for completeness. Angular velocity is a measure of the speed
at which an object spins and is given by the equation:

w=u/r

where r is the radius at which the velocity @ is measured. Angular velocity is given
in radians per second. The following formula converts angular velocity into fre-

quency {f):
f=w/2n
The frequency is the number of full rotations per second.

Angular acceleration is simply the rate of change in angular velocity and is given
by:

w=a/r

m

Circular motion on the MCAT deals with concepts in translational metion applied
to objects spinning or moving in circles. Examine the diagram above. An object
moving in a circle at a constant speed has an instantaneous velocity v at any given
moment. The magnitude of this velocity remains constant but the direction contin-
ually changes at a constant rate. The ratc of this change in velocity is acceleration.
So, the object’s speed never changes, yet the object is continually accelerating. This
type of acceleration is called centripetal acceleration (a ). Centripetal accelera-
tion always points toward the center of the circle that is circumscribed by the
motion. Since, when an object moves in a circle, the direction of centripetal acceler-
ation is constantly changing, only the magnitude of centripetal acceleration is
constant. By Newton's second law we know that an acceleration must be accompa-
nied by a net force. The net force in this case is called centripetal force. Of course,
centripetal force always points toward the center as well. The formulae for cen-
tripetal force and centripetal acceleration are shown in the diagram above.

The thing to remember about centripetal force is that it must be at least one of the
three forces: gravity, electromagnetic, or contact forces. Whenever centripetal force
exists, there is always some other force responsible for it. Most centripetal force
problents on the MCAT can be solved by equating the centripetal force with the re-
sponsible force. For instance, the gravitational force of the earth causes the moon to
move around it. In this case we simply set the centripetal force equation equal to the
Newton's gravitational force equation. We do not add the two forces together. These
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by a string is another example. Here, the centripetal force is created by the tension
in the string. Whenever there is a centripetal force, there will always be a force caus-
ing it.



Questions 33 through 40 are NOT based on a
descriptive passage.

33. If M is the mass of the earth, s is the mass of the moon,
and d is the distance between their centers, which of the
following gives the instantaneous velocity of the moon as
it orbits the earth? (The universal gravitational constant
is given by G.)

A |GM
d

B ‘ GMm
d

c. | Gm
d

GM
D. md

34. The owner of a warchouse asks an engineer to design a
ramp which will reduce the force necessary to lift boxes
to the top of a '» m step. If there is only room enough for
a 4 m ramp, what is the maximuom facior by which the
lifting force could be reduced.

A, A
B. 2
C. 4
D. 8

35, If the radius of the orbit of a satellite orbiting the earth is
reduced by a factor of 2, the gravitational force on the

earth will:

A. decrease by a factor of 2.
B. remain the same.

C. increase by a factor of 2.
D. increase by a factor of 4.

Copyrgit &3 2007 Examkrackers, Inc.
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36. Which of the following is true of the magnitudes of
velocity and acceleration, as the ball rolls down the slope
as shown? Note: Please ignore any centripetal accelera-

tion.

A. The velocity and the acceleration increase.

B. The velocity and the acceleration decrease.

C. The velocity increases and the acceleration
decreases.

D. The velocity decreases and the acceleration
increases.

37. A box starts from rest and slides 40 m down a frictionless
inclined plane. The total vertical displacement of the box
is 20 m. How long does it take for the block to reach the
end of the plane?

A, 1s
B. 25
C. 4s
D. 8s

38. An object of mass m resting on the surface of the earth
experiences 4 force equal to its weight mg, where g is the
acceleration due to gravity. If M is the mass of the earth,
G is the universal gravitation constant, and R is the radius
of the earth, which of the following expressions is equal
to g?

A Gjl&;m
B, M
R?
C. GMm
R
D. M
R

GO ON TO THE NEXT PAGE.



39. A jogger is running on a circular track with a radius of 30 40. A box rests on an incline. -Which of the following

meters. If the jogger completes one trip around the track describes the forces on the box as the angle of inclination
in 63 seconds, what is her average speed? is increased?

A. Omfs A, The force parallel to the ramp increases and the
B. Ilms force perpendicuiar to the ramp decreases,

C. 2mfs B. The force parallel to the ramp increases and the
D. 3mfs force perpendicular to the ramp also increases.

C. The force parallel to the ramp decreases and the
force perpendicular to the ramp also decreases.

D. The force parallel to the ramp and the force perpen-
dicular to the ramp remain consiant.
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2.8 Friction

Any object that contacts your system may apply forces in two directions:

1. the normal force is always perpendicular to the contact surface;

2. africtional force is alwavs parallel to the contact surface.

Friction is caused by the attractive molecular forces between contiguous surfaces.
Since the forces are attractive, friction opposes the relative motion between con-
tiguous surfaces.

There are bwo important types of surface-to-surface friction on the MCAT: static and
kinetic friction. Static friction (f) is the force opposing motion when two con-
tiguous surfaces are not moving relative to each other. If you lay a block on an
inclined plane and the block does not slide down the plane, it is the static frictional
force that prevents it from sliding. Kinetic friction (f,) is the force resisting motion
once the two contiguous surfaces are sliding relative to each other. A block of wood
sliding down an inclined plane moves more slowly than a block of ice sliding down
the same planc, because the kinetic frictional force is greater on the wooden block.

For any two surfaces, there are two coefficients of friction (4, and j, ) ,which rep-
resent the fractions of the normal force that will equal the static and kinetic
frictional forces. Thus the formulae for static friction and kinetic friction are respec-
tively:

Since friction is usually a fraction of the normal force, the coefficients of friction gen-
erally have a value less than one. In addition, u, is greater than 1, . Imagine pushing
a heavy object. Once the object is moving, it is usually easier to push. This is due to
U, being greater than u,.

When faced with a friction problem on the MCAT, first decide if your system is
moving relative to the surface creating the friction. If it is, then use kinetic friction.
If not, then use static friction. If you don’t know, then calculate the component of
the net force (excluding friction) on your system that is parallel to the surface cre-
ating the friction. Next, compare that calculated net force to u_F,. If the calculated net
force is smaller than uF_, then your system is prebably® not sliding along the sur-
face; static fricion holds it in place. In this case, since there is no acceleration, the
static friction is equal and opposite to the calculated net force. Notice that the static
friction could never be greater than the calculated net force. If the calculated net force
is greater than (L F . then your system must be sliding along the surface. In the later
case, ignore the static friction and subtract the magnitude of the kinetic frictional

force from the calculafed net force to arrive at a new net force that includes friction.

There ave other types of friction, such as drag {i.e. air resistance), which is fluid re-
sistance to an object’s motion through that fluid, and viscosity, which is a fluid’s
resistance to motion through itself. On the MCAT these other types of friction will
be dealt with only qualitatively or else a formula will be provided for plug-n-chug
calculations. We will discuss the qualitative effects of drag and viscosity in Physics
Lecture 6.

* We say “probably” because if the surfaces were already sliding relative to one another, the
caleulated net force could still be less than u F.. Remember u, is usually less than .



32 -

2.9 Tension

For the MCAT, think of tension as a force acting through a flexible abject with no
mass, such as a string or rope. (We shall refer to all these objects as simply ropes.)
Tension is equal throughout a rope as long as there is no friction acting on the rope.
At any point in a rope there is a tension force pulling in equal and opposite direc-
tions. We only use the force pulling away from our system. Tension requires an
equal force at both ends of the rope, and the tension in the rope is equal to only one
of the forces, not both. This is tricky, but remember, the rope has no mass. Thus, if
a net force were applied to only one end of a rope, it would accelerate at an infinite
rate.

mg

mg

2.170 Hooke's Law

One more important force on the MCAT is the force due to a compressed or
stretched object following Hoolke’s law. When deformed, solids tend {0 ‘remem-
ber” their shape and reform to it. Hooke's law describes the force applied by most
objects against a deforming torce. This force is directly proportional to the amount
of deformation or, more precisely, the change in position (Av). Hooke’s law is given
by the following cquation:

F = —kAx

where k is a constant unique to a given object. The negative sign indicates that the
force is in the opposite direction of the displacement. Most solids follow Hooke’s
law to some extent. All solids violate [Tooke’s Jaw at some limit of displacement,
unique to that object. The point of violation is calted the yield point. When an object
is deformed beyond its yield point, it loses some of its ‘memory’ and will not regain
its original shape. At some greater displacement, the object will reach a fracture point
and break.
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L mg

On the MCAT, Hooke's law is most often applied to springs. The force F is really the
tension in the spring and Ax is the change from its rest position. For instance: the
spring shown above has a spring constant k = mg/Ax.

Assuming that my head follows Hooke's

[aw, the force that it produces against this

to the change In its thick

1 s Bl

ness, Ax, Umes some constant, k
which is specific 1o my head. The change

in the thickness of my head is n

hecause |I'm getting thinner. If | were
baing stretched, the change (i my thick
fess would be posttive and the force |
greate would be in the other direction.
According to Mewton's third law, the vige

applies an aqual but opposite force

against me, That's the one that hurs,

F = kSalTyAx

S, e

oy
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2.11 Equation Summary

" . i s i " i —— — P —

MNewtons Second Law

F=ma The net force applied to the center of mass of a system always
equals the mass of the system times its acceleration.

...... o REE TP S pp e Py ey i TSI PRI LT E S WERCH = SRR TR WENETY PR (e TR T R TR 1Y C] i -

Gravity
R The force of gravity is proportional to the mass of each body and
a ¥ inversely proportional to the square of the distance between their

centers of gravity, G is a universal constant.

e o et YT L i 10 P PRI PR ey B S e s ey Sy

Inclined Planes:

F =mgsinb The sum of the normal force and the force of gravity is mgsinf.

F, =mgcosf The normal force is #gcos6.

Pep a centripetal acceleration that is proportional to the square
of its speed and inversely proportional to the radius of the
circle which it circumscribes.

o Some force F, must be applied to an object in order to give
that object a centripetal acceleration.

f.2WF, Contiguous surfaces may exert equal and opposite forces
against each other parallel to their contiguous surfaces.

f.=WF, If the surfaces do not slide relative to each other, this force is
static friction. If the surfaces slide relative to each other,
this force is kinetic friction.

Hooke's Law

F=—kiAx When deformed, objects obeying Hooke’s Law will exert a
force proportional to their deformity. k is a constant unique

Circular Motion
s An object moving in a circle at constant speed v experiences
to the object. |
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44. On a particular stretch of wet pavement, the kinetic
coefficient of friction | for a particular car with mass m is
(.08, If the car is moving at a velocity v, and suddenly
locks its wheels and slides to a stop, which of the
following expressions gives the distance that it will slide?

Questions 41 through 48 are NOT based on a
descriptive passage.

41. If the rear wheels of the truck pictured below drive the

, v
truck forward, then the frictional force on the rear tires A. mgp

due to the road is:
B —
2mgy
v
C. 5
©—0©
“A B .
D 2
A. Kkinetic and in the direction of A.
B. kinetic and in the direction of B. _ o
C. static and in the direction of A. 45. In order to test the strength of a rope, one end is tied tc_J a
D. static and in the direction of B. large tree and the other end is hitched to a team of 2
horses. The horses pull as hard as they can, but cannot
_ ) break the rope. If the rope is untied from the tree and
42. ‘If a rope capable of withstanding 990 newtonl? of tension attached to another team of 2 horses with equal strength,
is attached to a wall as shown, what is the maximum force and the two teams pull in opposite directions, the tension
that can be applied in the direction of F before the rope in the rope will:
will break?
P i
A. 300N
B. 450N
C. 900N
D. 1800N

43. In many harbors, old automobiie tires are hung along the
sides of wooden docks to cushion them from the impact
of docking boats. The tires deform in accordance with
Hooke’s law. As a boat is brought to a stop by gently
colliding with the tires, the rate of deceleration ol the

A. decrease by a factor of 2.
boat: B. remain the same.
A. is constant until the boat stops. C. increase by a factor of 2.
B. decreases until the boat stops. D. increase by a factor of 4.
C. increases until the boat stops.
D. increases and then decreases before the boat stops.

46, A child on a sled is sliding down a hill covered with snow.,
The combined mass of the child and sled is m, the angle
of inclination of the hill is 0, and the coefficient of kinetic
friction between the snow and the sled runners is .
Which of the following expressions gives the frictional
force on the sled?

Lwmgeost
Lmgsin®
Wng

mg

FORPF
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47. The diagram below shows two different masses hung 48. In a very tall building, an elevator with weight W moves
from identical Hooke’s law springs. The Hooke’s law quickly upward at a constant speed. The entire weight of
constant k for the springs is equal to: the elevator is supported by a single cable. The tension in

the cable is:

A. greater than W.
B. less than W.
C. equalto W

D.

dependent on the speed of the elevator.

2 Nfcm
5 N/em
10 N/cm
20 N/cm

TOoRs
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Equilibrium, Torciue
and Energy

3.1  Equilibrium

Equilibrium is a fancy word for no translational (straight line) or angular (rota-
tional) acceleration. Stated another way, a system is in equilibrium if the transla-
tional velocity of its center of mass and angular velocities of all its parts are constant
(i.e. it is moving and rotating at a constant velacity). If all velocities are zero, then
the system is in static equilibrium. If any velocities are nonzere, but all velocities
are also constant, then the system is in dynamic equilibrium. Remember, equilib-
rium does not mean motionless; it means constant velocity.

Forci

Force

due o gravity

. L ¥
ol ai v
i
]
|
q
static Equilibrium Salty Dynamic Equilibrium Salky
locity 15 a constant zero Velocity is constant and not zero.

anstational equilibrivm
e upwand forees egual the downward forces
and The iphbtwand foeoes egual the leftwird Borces.
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Force

of pravity

For all systems in equilibrium, the sum of all the forces acting on the system equals
zero. In other words, the net force acting on a system in equilibrium is zero. A reli-
able and much simpler method of viewing systemns in translational equilibrinm on
the MCAT is as follows: The sum of the magnitudes of the upward forces equals the
sum of the magnitudes of the downward forces, and the sum of the magnitudes of
the rightward forces equals the sum of the magnitudes of the leftward forces. This
method allows you to use only positive numbers for all your forces; it is no longer
necessary to decide if g is posifive or negative 10. g is always positive with this
method. '

This is not the method that you Jearned in physics cJass, but it is faster and move in-
tuitive for simple problems. Mare importantly, it is the best method for the MCAT.
Thus the formulae that you must know for a system in equilibrium are:
Fupward = I-Juwnwercl
_r: htward = lrl.. -
ightwar eftward

3.2 Systems Not in Equilibrium

If a system is not in equilibrium, it simply means that the center of mass is acceler-
ating translationally or its parts are accelerating rotationally. The MCAT does not
test angular acceleration, so a system not in equilibrium on the MCAT must be ex-
hibiting translational acceleration. For a system not in equilibrium, the sum of the
forces equals the mass of the system times its acceleration or ZF = . On the MCAT
there is a faster and more effective way to solve these problems. When faced with
any system not in equilibrium, follow these two steps:

1. write the equations as if the system were in
equilibrium;

2. before solving, add “ma’ to the side with less
force. Again, this method makes all numbers

Force of
air resistance

positive.
Just after | jump from a plane, | am not in equili
ium. The force upon me due to gravity is g
than the force due to air resistance. In order to find
my .||IL:I' ation, | Ll .|i| |||"|"-.L||-i L] LAy Ll :"w:.:l'
of the '3'._'.:.|'§"'| and all downward forces on the
ather. Since | am not in '.'-'.||Ii‘|!|'-I:..IIi|,. the hwo sides
are not equal.
1 ! )

Now [ must decide which side ha 1
Since 1 am accelerating o 1 d, tl 1

Foes | b b | i i

e i MV el 13N n 1'm i
side.

m
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Cuestions 49 through 56 are NOT based on a
descriptive passage.

49, A circus tightrope walker wishes to make his rope as
straight as possible when he walks across it. If the
tightrope walker has a mass of 73 kg, and the rope is 150
m long, how much tension must be in the rope in order to
make it perfectly straight?

A. ON

B. 750N

C. 1500N

D. No amount of tenston in the rope could make it per-

fectly straight.

50. A rescue helicopter lifts a 50 kg rock climber by a rope
from a cliff face. The rock climber is accelerated
vertically at 5 m/s®. What is the tension in the rope?

A. 350N
B. 500N
C. 750N
D. 500N

51. The pulley shown below is old and rusted. When the 50
kg mass is allowed to drop, the friction in the pulley
creates a constant 200 N force upward. What is the
tension in the rope?

mMAass

N

200N
400 N
600 N

FOowEs

52. A skydiver jumping from a plane will accelerate up to a
maximum velocity and no greater. This constant velocity
is known as terminal velocity. Upon reaching terminal
velocity, the net force on the skydiver is:

A.  zero and the skydiver is in equilibrinm.

B. zero and the skydiver is not in equilibrium.

C. equal to the weight of the skydiver and the skydiver
is in equilibrium.

D.  equal to the weight of the skydiver and the skydiver
is not in equilibrium.

Copynght €@ 2007 Examkrackers, Inc.
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53.

54.

585.

56.

The arrows shown below represent all the force vectors
that are applied to a single point, Which of the following
could NOT be true of the point? (Note: sin150° = (.5;

cos150° =— Jg

The point is moving at a constant velocity.
The point is not moving.

The point is accelerating at a constant rate.
The point is not accelerating.

SRl e

There are 3 forces acling on an object. Two of the forces
are of equal magnitude. One of these forces pulls the
object to the north and one pulls to the east. If' the chject
undergoes no acceleration, then in which direction must
the third force be pulling?

A. northeast
B. northwest
C. southeast
D. southwest

Which of the following describes a situation requiring no
net force?

A, A car starts from rest and reaches a speed of 80
km/hr after 15 seconds.

B. A bucket is lowered from a rooftop at a constant
speed of 2 m/s.

C. A skater glides along the ice, gradually slowing
from 10 m/s to 5 mfs.

D. The pendulum of a clock moves back and forth at a
constant frequency of 0.5 cycles per second.

1

A child pushes a block across the floor with a constant
force of 5 N. The block moves in a straight line and its
speed increases from 0.2 m/s to 0.6 m/s. Which of the
following must be true?

A.  The force applied by the child is greater than the force
of kinetic friction between the block and the floor.

B. The force applied by the child is less than the force
of kinetic friction between the block and the floor.

C. The force applied by the child is greater than the
force due to the weight of the block.

D. The force applied by the child is less than the force
due to the weight of the block.

STOP.
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Rotation
peint

1 the picture to the gl

n owhich | need

3.3 Torgque

Torgue (1) is a twisting force (MCAT definition). Although torque is a vector, the
MCAT allows you to think of torque as being clockwise or counter-clockwise.
Torque is the vector product of both a force vector F and a position vector r. Since
this is vector multiplication and the result is a vector, the magnitude of the result-
ant vector must include the sine of the angle between the original two vectors (see
Physics Lecture 1). The magnitude of torque is given by the following equation:

T = Fr sinf

where 8 is the angle between the force and the position vectors. In
this equation, the position vector is the distance from the point of
rotation to the point of application of the force. The point of rota-
tion is any fixed point of your choosing,. It is convenient to choose
g N 0 Y. - . .

R the position vector to be from the point of rotation to the point

o where the force acts at 90°. Such a position vector is called a lever
arm (I). When the lever arm is used, the equation for torque be-
comes:

t=Fl
Compare r and [ in the diagram to the left.

Any problem on the MCAT involving torque, will be a statics preblem. Therefore,
use the following three formulas in the order given to solve any MCAT torque prob-
lem:

-

upward T * doewnwand

'Fl'i;lh{\\'.l:.l - ‘rll fiwand

T,

clockwise — Ttmmlcr-c!m.';.wi:iu




Let's assume that I'm given the length of the board “L’, the dis-
tance from the left end of the board to the hanging string ‘x’, the
mass of the object ‘'m’, and my mass ‘m_". First, [ have confidence
that since they asked me, | know that there is a way to answer the
problem using only basic science. Second, | draw the board label-
ing all the force vectors that act directly on it and no others. Third,
| choose my system, Since | want the board to be in static equi-
librium, I choose the board as my system. Fourth, | choose a
formula. Since this is a torque problem (1 want to prevent the
board from rotating. ), | know that | must use the three equations
glven on the previous page, and use them in the order given,
Since there are no horizontal forces, | can throw out the equation
wilh horizontal forees. The equation for the vertical forces leaves
me with Bwvo unknown variables: J and T.

T = mg + thg

Now | go to my third equation. But | need to know the torques on my system. In

arder to find the torques, I must choose a point of rotation. | can choose any point

that T want, but, since | need all the forces to act at 90 degrees o their lever arms, |
will chowose a point on the board. Let's say that | use the left end of the board as my

point of rotation. Now [ draw my clockwise and counter-clockwise torques.

1,5 TX
Point of
rumﬂgn

£ e ——— o —=

riter-clechwiss

., =m

To do this, | hold my system motionless
only at the point of rotation, and push it
amound that point in the direction of the
force. Finally | set the clockwise and
coumter-ciockwise tomues equal W each
otier. Mow | have two equations and two
varables. | simply plug and chug.



Questions 57 through 64 are NOT based on a
descriptive passage.

57. A welephone pole stands as shown below. Line A is 4 m
off the ground and line B is 3 m off the ground. The
tensions in iine A and line B are 200 N and 400 N respec-
tively. What is the net torque on the pole?

line A
]_| A
line B
ry
4 m
Im
A. ONm
B. 400 Nm
C. 300Nm
D. 2000 Nm

58. A sign hangs by a rope attached at 30° to the middle of its
upper edge. It rests against a frictionless wall. If the weight
of the sign were doubled, what would happen to the tension
in the string? {Note: sin 30° = 0.5; cos 30° =0.87)

30°

sign

It would remain the same.

It would increase by a factor of 1.5.
It would increase by a factor of 2.
It would increase by a factor of 4.

enrr
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59.

60.

61.

If all of the forces below have equal magnitude, which
one creates the most torque?

S
7/

A one meter board with uniform density, hangs in static
equilibrium from a rope with tension 7. A weight hangs
from the left end of the board as shown. What is the mass
of the board?

F 3

0.2m T

A. Tkg
B. 2ke
C. 3kg
D. 4kg

Boards X and Y are both massless and 4 m in length. A 4
N force Fis applied to board Y as shown. Board X is held
stationary. The two boards are nailed together at | m from
the left end of board Y. If the boards do not move, what is
the static frictional force between the nail and board X7

Im
—b
Y |
X | | 1
F
A. 4N
B. 8N
C. 12N
D. 16N

GO ON TO THE NEXT PAGE.



62.

63.

A person pushes on a door and it swings open. Where
should the force be applied in order to make the door
swing open as quickly as possible?

On the edge of the door nearest the hinges.

At the center of the door.

Or the edge farthest from the hinges.

A force anywhere on the door will have the same ef-
fect.

TOFEP

A student with a mass of 40 kg sits on the end of a seesaw
with a total length of 10 meters as shown in the picture.

L

 ———
5 4 3 2

T R ——
IA12345

How far to right of the cenfer of the seesaw should a
student with a mass of 50 kg sit 10 achieve the best
balance?

A, Im
B. Zm
C. 4m
D. 5m

Copynight £ 2007 Examkrackers, o
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64. A carpenter who is having a difficult tme [oosening a

screw puts away his screwdriver and chooses another
with a handle with a larger diameter. He does this
because:

increasing force increases torgue.
decreasing force decreases torque.
increasing lever arm increases torque.
decreasing lever arm decreases torque.

FOawe

STOP.
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3.4  Energy

Look inside most basic physics textbooks and you will find the statement “Energy
is the capacity to do work.” This statement, which is inaccurate, is an attempt to de-
fine energy. It is inaccurate because a system can have energy and still have no ca-
pacity to do work. There is no satisfactory definition of energy. Energy is a man-
made concept designed to assist us in understanding our universe. The best way to
understand energy is to work physics problems. For now, think of energy as you
have always thought about it. For instance, you have an intuitive idea of what is
meant by the statement “He is full of energy today.” Use that intuition about energy
when you work physics problems.

The units of energy used on the MCAT are the joule (J) for macroscopic systems
and, for microscopic systems, the electron-velt (V). One joule is one kg m*/s”.

Energy is a scalar. Thus energy usually provides the most convenient method by
which to solve mechanics problems. Whenever you have a mechanics problem on
the MCAT, always check first to see if vou can solve it using conservation of energy,
which we shall discuss below.

Energy can be divided intc mechanical and nonmechanical energies. Mechanical
energy is the kinetic energy and potential energy of macroscopic systems. A macro-
scopic system is a system that you can examine without a microscope.

Kinetic energy (K) is the energy of motion. Any moving mass has a kinetic energy
given by the equation:

Potential energy () is the energy of position. All potential energies are position
dependent. There are several types of potential energy. The most important types
on the MCAT are gravitational potential energy (U,) and elastic potential energy
(LL). (Electrical potential energy will be discussed in Physics Lecture 7.}

Gravitational potential energy (LL) is the cnergy due to the force of gravity.
Gravitational potential energy between any two masses is given by U, = -Gy /v,
where G is the universal gravitational constant, 171, and . are the two masses, and
r is the distance between their centers of gravity. The negative sign indicates that en-
ergy decreases ag the distance between objects that are attracted to cach other de-
creases. A limited form of this equation, more useful on the MCAT, gives the grav-
itational potential energy of an object near the earth’s surface. This formula is:

U, = mgh

where 1 is the mass of the object, ¢ is the free-fall acceleration at the surface of the
earth, and /1 is the height of the object or system above some arbitrary point.

Elastic potential energy (1) is the energy due to the wsistive force applied by a
deformed object. The elastic potential energy for objects following Hooke's law is
given by the formula:

.
U =— kx>
! )

where k is the Hooke's law constant for the object, and Ax is the displacement of the
object from its relaxed position.



3.5 Systems

Before we can talk about energy transfer, we need to have some understanding of
systems. A systeint is any defined area that we choose to consider separately from the
rest of the umiverse. The rest of the universe is called the surroundings. Together,
mass and energy define the three basic systems in physics: the open sysfenn, where
energy and mass are exchanged with the surroundings; the closed sysfem, where en-
ergy is exchanged with the surroundings but mass is not: the isolated sysfeni, where
neither energy nor mass is exchanged with the surroundings. By definition, al-
though the form of energy in an isclated system may change, the energy of an iso-
lated system is conserved. Thus the Law of Conservation of Energy states that,
since the universe is an isolated system, the energy of the universe remains con-
stant.

3.6 Work

There are only two types of energy transfer: work and heat. Worle (W) is the trans-
fer of energy via a force. Heat is the transfer of energy by natural flow from a
warmer body to a colder body. (See Chemistry Lecture 3 for more on heat.) Thus
all work is energy transfer, but all energy transfer is not work. By “transfer’, we
mean transfer from the system to the surroundings or vice versa. Therefore, the
amount of work done will depend unpon what we choose for our system. {This
Lecture will not consider pressure-volume work (PV work). PV work is discussed
in Chemistry Lecture 3.]

Work is a scalar and is measured in units of energy (joules).

The work done by any force other than friction is:

“' =1 I!r"t{'“-';{:jiI'~|1' all forces except friction)

where F is the force on some system, d is the displacement of the system, and @ is
the angle between F and d. This equation gives the energy transferred into a system
due to a force. The force may be one of many forces acting on the system or it may
be the net force.

Frictional forces are an exception to the equation above becausc frictional forces
change internal energy as well as mechanical energy. (Internal energy is the energy
of individual molecules. Unfortunately, MCAT will probably call this ‘heat energy’
or, worse, just ‘heat’. Internal energy 1s discussed in Chemistry Lecture 3.)

If the total energy transfer is due to forces and none to heat, the work done on an
object is also gtven by:

W=AK + AU + AE

Ino [ieat)
If there is neither heat nor friction:

W=AK + AU

{no friction, no heat)
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where K is kinetic energy, U is any potential energy, and E; is Internal energy. This
makes sense in terms of conservation of energy. Since work and heat are the only
two types of energy transfer, when there is no heat, work must be responsible for
any net energy change, and therefore must equal the sum of all energy changes. If
there is no friction, ali energy change is in the form of mechanical energy.

In any physics textbook you will also see:
W=aK
This is the Work-Energy Theorem. It is only true when all energy transfer results only

in a change to kinetic energy. In other words, it is a very limited case of the previ-
ous equations, and is not very useful for the MCAT.

3.7 Conservative and Nonconservative Forces

Conservative forces are called conservative because the mechanical energy is con-
served within the system. If a force acts on a system as the system moves from point
A to point B and back, and the total work done by the force is zero, the force is a
conservative force. Thus, the net work done by any conservative force on an ob-
ject moving around any closed path is zero. A second way to recognize a conserva-
tive force is that the energy change is the same regardless of the path taken by the
system.

It is a necessary but not a sufficient condition that conservative forces be functions
of position only. In other words, the strength of a conservative force is dependent
solely upon its pesition. For instance, the conservative force of gravity upon an ob-
ject is dependent upon its position within a gravitational field; the conservative
Hooke's law force is dependent upon the position of the spring or object creating it.

Conservative forces have potential energies associated with them. Conservative
forces do not change the mechanical energy of a system. Thus the Law of
Conservation of Mechanical Energy states that when only conservative forces
are acting, the sum of the mechanical energies remains constant:

£ 7 L 17
gt Ly = B+ Lo

Written another way:

0= AK + AU,

conservalive forces only no heaty



Warning: If a question asks, “IHow much work is done by gravity?” (or any other
conservative force), the question itself implies that gravity is not part of the system.
There are three methods to answer such a question: 1) use Fdcos8; 2) simply calcu-
late the change in AUg; or 3) use: W = AK + AUl + AE, but do not include gravitational
potential energy in your calculation of ALl Technically speaking, a conservative
force doesn’t do work because energy is never lost nor gained by the system.

Conservative forces do not change the temperature or the internal energy of an ob-
ject to which they are applied. Gravitational forces, Hooke's Jaw forces, and electric
and magnetic field forces, are the conservative forces that you're likely to see on the
MCAT.

Nonconservative forces are forces that change the mechanical energy of a system
when they do work. Examples of nonconservative forces are kinetic fricticnal forces
and the pushing and pulling forces applied by animals. For instance, if a human
lifts an object from rest to a height °h’, the total mechanical energy of the object has
changed. On the other hand, if an object were propelled by its kinetic energy to a
height ‘i, its total mechanical energy would remain constant.

Except for frictional forces, the work done by all nonconservative forces equals the
change in the mechanical energy of the systems upon which they are applied. This
reswlt is described by the equation:

W=AK + ALI{r\unconscr\ atjve larces ofher than kinetic frickion, na heat)

Notice that this is the same equation as given for one of the definitions of work. This
is because conservative forces don’t do work. Cempare this equation to the equa-
tion for the change in mechanical energy when only conservative forces act.

3.8 Work and Friction

Kinetic frictional forces increase the internal energy of the systems to which they are
applied. Thus, the entire amount of work done by such a force does not go into
changing the mechanical energy. When you rub your hands together to warm them,
you are doing work, via kinetic friction, which increases their internal energy. There
is no heat because your two hands are at an equal temperature throughout.

In order to find the work done by a kinetic fricHonal force, we must consider the in-
ternal energy. Imagine a box sliding te a stop along a tabletop. Kinetic friction has
done negative work on the box; the force decreases the kinetic energy of the box.
The mecharical energy change of the box is given by:

fid cosB = AK + AU

However, the box increased its internal energy, so its net energy loss is not fd cos9.
Since the box and table are at the same temperature, there is no heat in this prob-
lem; all energy change is due to work. Thus the work done by friction is not f,d cos8.
The energy change of the box (the work done by friction) is the change in its kinetic
energy, which is negative, and the change in its internal energy, which is positive.
The work done on the box is W = AK + ALl + AE;. The kinetic energy of the box be-
came internal energy of the box and internal energy of the table.
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MCAT PHvsic

Sliding —' »

d=10m

of the box 5 2 kg
£=10N
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+

v=10m/s
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=301
=3
=01
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Ko = 2’ =100 J e
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Wi«mc by friction =301
W, :AK+AELo!‘ba1x:-3OJ

deme on hax
=307

= AE,

total for either system

Wdonc of: able = AEy af tabke

AER'(‘II = AEJ of box fut M

iaf tabic

+AK=0J

Total energy of the isolated system of the table and box is conserved.
The energy transfer into the closed system of the box is equal to the work dene on the box,
Notice that work done by friction can only be found if the change in internal encrgy is known.

Work and Friction

Sl Flare
WO CHOE

conservation of enersgy is violated and some basic ¢

by friction is a subtle point and is esplained ben



3.9 Examples of Work

If we fook at the diagram below, we have the following:

W W,
/ iV ‘ M
/
f |

|

1

.. _I"'
f £

s . =

SRS R

. X position 1 position 2
/B0

A force F acts on mass M along a frictionless surface resulting in a displacement 4.
It is important to realize that the force 15 acting through the entire displacement. The
mass moves from position 1 to position 2. Many concepts can be appreciated by this
simple display. First, since a torce is applied resulting in a transfer of energy from
the applicator of the force (whomever or whatever that might be) to the mass, work
is done. The vertical component of the force was apparently too small to move the
mass off the horizontal line. Thus the vertical displacement is zero, and the vertical
force component does no work. Gravity and the normal force are 90° to the dis-
placement and alse do no work. The horizontal component of the force, however,
moeves the mass a displacement of d. To find the work done by the force, we would
use W = Fdcos60°. (Notice that Feos60® is the horizontal component of the force.)
The mass does not change height, so there is no change in potential energy, U. Thus,
the work done goes completely into changing kinetic energy. The change in kinetic
energy is equal to the work.

Consider the physical manifestations of work in the example above. In other words,
since work is a transfer of energy, what are the physical changes to a mass as a re-
sult of this energy transfer? To test yourself, imagine the same force acting on the
box at an angle of 30°. How would this affect the work done on the box? Would one
force do more work than the other? If a different amount of work is done in each
case, then we should be able to see this difference in physical quantities. What
would be the physical manifestations of the difference in work done?

_-.".-lr ,-'-‘l.-i

position 1 position 2

Since the force applied at 30° has a greater horizontal component, it does more
work. This greater work would manifest itself in greater acceleration throughout
the displacement, greater velocity at the end of the displacement, and less time re-
quired to achieve the displacement.
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3.10 Summary of Work

3.11 Power

Power (P} is the rate of energy transfer. The unit of power is the watt (W), which
is equivalent fo J/s. Do not confuse the unit W with the concept W for work.

Power is given by the following equation:
AE
t

P=

where t is the time during which energy is transferred and AL is the energy
change of the system, which equals work W plus heat 4. A more narrow definifien
of power, but one that is often used, is the rate at which a force does work:

P2
t

The instantanecus power due to a force is:
P = Focos®

where 6 is the angle between F and v. We can see by these equations that power is
a scalar.



3.12 Equation Summary

LECTURE 31 EQUILIBRIUM, TOROUE AND ENERGY

Equilibrium

(no acceleration) F

Toodie = Finterctocks:
Non-equilibrium
(acceleration) F i E it £ 1088

F-m:t:Fummi ma

Add ma to the weaker side,

Work

W =Fdeos®___ ...

W =AK+AU +AE, ..

Copyright 09 2000 Exambkrackearns, Inc
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Questions 65 through 72 are NOT based on a
descriptive passage.

67

68.

65. A meteor with a mass of 1 kg moving at 20 km/s collides
with Jupiter’s atmosphere. The meteor penetrates 100 km
into the atmosphere and disintegrates. What is the average
force on the meteor once it enters Jupiter’s atmosphere?
(Note: ignore gravity)

A, 2X10°N
B. 4xI10°N
C. 8x10°N
D. 2x10¥N

66. If 1 kg blocks were stacked one upen the other starting at
the surface of the earth and continuing forever into space,
the blocks near the bottom of the stack would have:

A. less gravitational potential energy than blocks at the
middle or blocks near the top of the stack.

B. less gravitational potential energy than blocks at the
middle and the same gravitational energy as blocks
near the top of the stack.

C. the same gravitational potential energy as all other
blocks.

D. more gravitational potential energy than blocks at
the middle or blocks near the top of the stack.

-

Objects A and B are placed on the spring as shown.
Object A has twice as much mass as object B. If the
spring is depressed and released, propelling the objects
into the air, object A will:

Alp

rise one fourth as high as object B.
rise half as high as object B.

rise to the same height as object B.
rise twice as high as object B.

FoEpr

A spring powered dart-gun fires a dart 1 m vertically into
the air. In order for the dart to go 4 m, the spring would
have to be depressed:

A. 2 times the distance.
B 3 times the distance.
C. 4 times the distance,
D. 8 times the distance.

Copyright © 2007 Examkrackers, ke,
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69.

70.

71.

72.

A 100 N force is applied as shown to a 10 kg object for 2
seconds. If the object is initially at rest, what is its final
velocity? (ignore friction: sin 30° = (0.5; cos 30° =0.87)

0 kg
A, B7mfs
B. 1m/s
C. 174 mfs
D. 348 m/fs

A large rock is tied to a rubber band and dropped straight
down. As the rock falls, the rubber band gradually
stretches, eventually bringing the rock to a stop. Which of
the following energy transfers is taking place in this
process?

Kinetic to gravitational potential to elastic poiential
Kinetic to elastic potential to gravitational potential
Gravitational potential to elastic potential to kinetic
Gravitational potential to kinetic to elastic potential

SORPE

Energy consumption in the home is generally measured in
units of kilowatt hours. A kilowatt hour is equal to:

A, 3,600)
B. 06,0007
C.  3,600,00017
D. 6,000,000])

A winch is used to lift heavy objects to the top of building
under construction. A winch with a power of 30 kW was
replaced with a new winch with a power of 100 kW.
Which of the following statements about the new winch
is NOT true?

A. The new winch can do twice as much work in the
same time as the old winch. ‘

B. The new winch takes twice as much time to do the
same work as the old winch.

C. The new winch can raise objects with twice as much
mass at the same speed as the old winch.

D. The new winch can raise objects with the same
mass at twice the speed of the old winch.

STOP.



Momentum, Machines, and
Radioactive Decay

417 Momentum

Abaseball, when thrown by a major league pitcher, has approximately the same en-
crgy as a bowling ball thrown by a professional bowler. Why, then, can the baseball
be knocked out of the park with a swing of a bat, when the same swing would only
deflect the motion of the bowling ball? The answer is momentum (p). The mo-
mentum of the bowling ball is much greater. Momentum is a measure of a moving
object’s tendency to continue along its present path. By increasing either an object’s
velocity or its mass, and thus its momentum, it becomes more difficult to change its
path. Momentum is given by the equation:

p =1mv

The units of momentum are kg m/s. Momentum is closely related to inertia
(Physics Lecture 2).

There are two important points to know about momentum for the MCAT. The first
is that in an isolated system momentum is always conserved. This law is as invi-
olable as the law of conservation of energy. The second important point is that
momentum is a vector. When we put these two points together, we find that the
initial momenhim of the center of mass of an isolated system is always equal to its
final momentum in both magnitude and direction. In other words, the momentum
of the center of mass of an isolated system is constant in direction and maggnitude.

4.2 Collisions

A collision occurs in the following manner: Two bodies come inte contact and are
momentarily deformed while doing so. From Hooke’s law we know that the force
generated by the deformed bodies is proportional to the degree of the deformity. If
the bodies follow Hooke's law perfectly, the force is conservative and the all energy
is transferred (via W = Fdcos6) back to the motion of the bodies. If the bodies do not
follow Hooke’s law perfectly, some or all of the energy is dissipated as internal en-
ergy. The two types of collisions just described are called elastic collisions and
inelastic collisions, respectively.

Elastic collisions are collisions where the mechanical energy is conserved. In an
elastic collision, no energy is dissipated to internal energy. When very small hard
objects with nio internal parts collide, the energy has no place to dissipate. This is an
elastic collision. Atomic collisions approximately follow this model. Two magnets
may slide into each other’s magnetic field and repulse each other without ever
touching. Their kinetic energies would be conserved momentarily in their magnetic
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20 kg m/s

=10%kg m/s

100 | kinetic energy

50 ] internal energy

25 ] kinetic energy
75 | internal energy

30 ] kinetic energy

70 ] internal energy

— .
0 ] kinetic energy ' |

50 | internal energy

Inelastic Collision 30 kg m/s

Momentum is conserved.

Kinetic energy is lost to internal energy.

fields. This represents a perfectly elastic collision. A rubber ball dropped from 1
meter bounces off a hard surface and returns to the same height. This is another
elastic collision. In all these collisions, only conservative forces are at work result-
ing in conservation of mechanical energy.

Elastic collision problems are easy to solve because the sum of the mechanical en-
ergies before the collision is equal to the sum of the mechanical energies after the
collision.

Since energy is a scalar, even the directions of the colliding objects are irrelevant.

Inelastic collisions occur when the colliding objects lose some of their mechanical
energy to internal energy. Any collision that is not elastic is inelastic. Stated another
way, if any mechanical energy is lost, the collision is inelastic. A completely inelas-
tic collision occurs when the colliding objects stick together upon collision. Since
mechanical energy is not completely conserved in any inelastic collision, we must
use conservation of momentum to solve inelastic collision problems. The formula
for solving inelastic collision problems is simple enough:

]

J“:.n':liil = .I'j final

The initial momentum of an isolated syslem eguals the (inal momentum of an iso-
lated system. However, because momentum is a vector, we must pay close attention
to its direction. For instance in the inelastic collision diagram on the previous page,
we see that by adding the momentum vectors of the final system, we arrive at a 20
kg m/s vector pointing downward, the same as the initial momenfum. In multidi-
mensional systems, the vector nature of momentum may require several equations.
For instance, in a 2 dimensional system, if we have momentum in both the x and y
directions, one equation is required for each direction. Thus a 2 dimensional colli-
sion may require the following equations:

P o [P 1
.’-'II'--I:m{t.\I Fxhfina

Popnival = Pupfinal



The x and y components are found by using the cosine and sine of the angles as
shown in the example below. Since this involves lengthy calculations, the MCAT
probably will not test it in this manner. Instead, the MCAT is likely to ask only about
the momentum in the x direction or only about the momentum in the y direction.

Just before the collision Just after the collision

Hf_cos@ﬂ' + pcosh, =p cosh, + pb.cosehl

;%‘smﬂﬂ‘ + g}:‘smeb =psing, + ,'!g:lsmﬂh_

4.3  Reverse Collisions

Imagine watching a short film of two objects colliding and sticking together. This is
a completely inelastic collision. The final momentum equals the initial momentum,
If the objects stop when they collide, the final momentum is zero, so the initial mo-
mentum must have been zero as well. Now play the film again, only this time run
it backwards. The two objects start together and suddenly burst apart. This is a re-
verse collision. Of course, just running the film backwards didn't change the
momentums. The final and the initial momentums must still be zero. This is true of
any explosion or radioactive decay where the pieces start from rest. Notice that the
vector nature of momentum dictates that, in a two-piece explosion, the two pieces
must separate in exactly oppesite directions.

T
r]
m, +m, v, ,’/ ﬁm”\ myVs

Now imagine a cat standing on a board on top of a frozen, frictionless lake. The mo-
mentum of the cat and the board together is zero. If the cat tries to jump to the right,
the board must be pushed to the left in order to conserve momentum.
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4.4 Intuition about Collisions

Collisions will be fully elastic, partialty elastic, or fully inelastic. If you study the
table and the graph below, you will be able to make simple predictions concerning
such collisions. Knowing thijs table and graph is by no means crucial for the MCAT,
but it will provide you with a deeper understanding concerning collisions. Don’t
try to memorize the table!

Elastic Partially Elastic |Inelastic

it 1
combined

|
M, - L, 2, T _n il v, iy

Equations | o _ : s _ e =
U, om, A, I a,” m, +n1, T Wy T 120 it O, oy +

m, <m, - <p, <0 Qap<n —p, < <%‘ D=, <0 D<o < 1,;
s - 1 12 -

Vi) I.
= =0 =, e A< ="
m, =, 0 2 2 T 2

a0 O<v<q U, ST < 20, D<o, <0 5 <0, < 2y, e R

The table above is based upon a collision between a

mass 1, moving at v, and a stationary mass m,. The

velocities v, and v, represent the respective velocities
Y1 of the masses after the collision. The velocity o_ rep-

resents the velocity of the combined mass after a fully
o, ity sl inelastic collision.

} n, >, The graph to the left represents the information in the
l table. If you understand the graph, it is an excellent

- guide to answering collision questions qualitatively.

If you don't understand the graph, don’t sweat it. It
m, =m, T e duflyinvtal won't be on the MCAT,

An example using the graph above: A partially in-
elastic collision occurs when an object moving with



LecTure 4: MomEnTUm, Mac

velocity v, collides with a stationary object of equal mass. We examine the y axis of
the graph because the masses are equal along the y axis. We see that the stationary
object must have a velocity in the darkly shaded region along the y axis, so it must
have a final velocity less than w_but greater than v_/2. The first object must have a
velocity in its original direction, greater than zero but less than z,/2.

The graph also shows that in order for the first object to bounce backwards, it must
have a mass less than the object it strikes.

4.5 Impulse

Impulse {J) is equal to the change in momentum.
J=4p

If you cxamine any collision, you will notice that, if the materials approximately fol-
low Hooke's law, the force during the time of contact is not constant. The average
force on either colliding body can be found from the equation:

J=F,, At

Ve

To find the average force from the change in momentum simply put the two im-
pulse equations together to make:

Amv = F,,, At

Impulse shows us thal iF the Hme over which the force acts is increased, the same
change in velocity can be achieved with a fower force. For instance, air bags on an
automaobile don’t chanee the momentum, but they increase the time over which the
callision occurs, and thus decrease the force on Lthe driver. The graphs below show

three separate ways that the same particle might change its velocity.

Ihe area under the curve repre-

senks impulse or change in A
. 30
momentum, Since the particle
b —
the same ecach lime, the mass re- Z, 20
mains constant, and the mitia o T
and final velocities are the same o
[y | e i )
for each graph. However, the 0 10 20 30 40 50 A0
way that the Ffinal velocity is -10
achieved is very different in time (s)
each graph. If the particle were 30
an ege, which graph represents o
: 2 N e 20
the comditions under which the Z
RS "",I|i.:||,| |'|:' least likely o \.O-J’
d bed
break S
S

-10

force (N}

20
10

-10

50 60

1 20 30

time (s)

[

\J1

o]

N
fl=x]
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Questions 73 through 80 are NOT based on a
descriptive passage.

73. A rocket with a mass of 7.2 x 10* kg starts from rest in
outer space and fires its thrusters until it is moving with a
velocity of 100 m/s. What was the average force on the
rocket due to the thrusters?

A. T2xI10°N

B. 7.2x1i0'N

C. 72xI0°N

D. The average force cannot be determined with the in-
formation given.

74. A boy is sliding down a long icy hill on his sled. In order
to decrease his mass and increase his velocity, he drops
his heavy winter coat and heavy boots from the sled while
he 1s moving. Will his strategy work?

A. No, because he loses the potential energy of the ob-
jects that he leaves behind.

B. No, because although his kinetic energy increases,
his momentum decreases.

C. Yes, because although his kinetic energy decreuases,
his momentum increases.

D.  Ycs, because atthough his momentum decreases, his
kinetic energy decreases.

75. Ball A moving at 12 m/s collides elastcally with ball B as
shown, If both balls have the same mass, what is the final
velocity of ball A7 (Note: sin 60° = 0.87; cos 60° = 0.5)
A, Jmfs
B. 6m/i
C. 9nvs
D 12 s
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76.

77.

78.

The chemical potential energy in gasoline is converted to
kinetic energy in cars. If a car accelerates from zero to 60
kmth, compared to the energy necessary to increase the
velocity of the car from zero to 30 kmv/h, the energy
necessary to increase the velocity of the car from 30 to 60
km/h is:

half as great.

the same.

twice as great.

three times as great.

=ReR NS

A 3 kg cat sitting on a 1.5 kg piece of cardboard on a
frozen lake wants to jurap to shore without touching the
ice. If there is no friction between the cardboard and the
ice, when the cat jumps, the cardboard will move in the
opposite direction with a velocity:

half as great as the cat’s velocity.

equal to the cat’s velocity.

twice as great as the cat’s velocity.
four times as great as the cat’s velacity.

Towe

A block of mass m, slides across a frictionless surface
with speed v, and collides with a stationary block of mass
m,. The blocks stick together after the collision and move
away with a speed v,. Which of the following statements
is (are) true about the blocks?

L myv, ={m +mv,

[ , !

o Smy’=7 (m, + m)v,}
nm. v, = v,

A. Tonly

B. IHonly

C. [TandIlorly

D. L ilandIIl

GO ON TO THE NEXT PAGE.



79. Two 1 kg carts with spring bumpers undergo a collision
on a frictionless track as shown in the before and after
pictures below.

4 mfs 4 mfs
H e,_i
| ; " ,
| Tkg | 1 kg
Before
4 mfs 4 m/fs
<« o

After

The total momentum of the system is equal to:

A. 0 kg-mfsec before the collision and 0 kg-m/sec after
the collision.

B. -4 kg-m/sec before the collision and 4 kg-m/sec
after the collision,

C. -8 kg-mv/sec before the collision and § kg-m/sec
after the collision.

D. 8 kg-m/sec before the collision and O kg-m/sec after
the collision.

Copyright @ 2007 Fxamkrackers, inc.
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80. A trapeze artist who accidentally falls builds up a great
deal of momentum before he 1s brought safely to rest by
a safety net. The safety net serves to:

A. increase the force of the collision by decreasing the
coflisian tirmne.

B. decrease the force of the collision by decreasing the
collision time.

C. increase the force of the collision by increasing the
collision time.

D. decrease the force of the collision by increasing the
collision time.

STOP.
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4.6 Machines

Now that we've covered the more simple topics in classical mechanics, let’s exam-
ine one of the ways these topics may appear on the MCAT, let’s examine machines.
Machines are mechanical devices that reduce force when doing work. Every time
that vou see a machine on the MCAT, remind yourself that ideal machines reduce
force but don’t change work. (Nenideal machines increase work because they in-
crease internal energy through friction.) Remembering that ideal machines don’t
change work can make some otherwise difficult MCAT problems fast and simple.
In this lecture we will examine the ramp, lever, and pulley. In Physics Lecture 5
we will examine one maore simple machine called a hydrautlic lift.

4.7 The Ramp

A ramp is simply an inclined plane (see Physics Lecture 3). If we examine the work
necessary to Lift a mass m to a tabletop of height /i, we find that it is the force mg
times the distance I, or smgh. By building a frictionless ramp, we can achieve the
same result with a reduced force. To push the mass up the incline plane, we must
only overcome the force that is pushing the mass down the plane, which is mgsin6.
Since the sine of any angle is a fraction, we know that this force is only a fraction of
mg and thus reduced by the machine. To prove that the work is still the same we
can muitiply the force times the distance. From SOH CAH TOA, we know that the
distance along the ramp is the opposite, or h, divided by sin6. Thus, W = mgsin® x
1 /sinB. This reduces to W = mgh, the same work as without the machine. From this
it becomes clear that the fraction by which we want to reduce the force must be the
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same as the fraction by which we increase the length of the ramp. In other words, if
we want to reduce the force to '2 mg, we must make a ramp with length 2%, This is
the same as saying that, when work is held constant in W = Fd, force and distance
are inversely proportional to each other.

The lever is based o the principle of torque. Again, let’s examine lifting a mass m
to a height k. Like the ramp, the lever simply allows us to increase the distance
through which our force acts. Since we want to move the mass at a constant veloc-
ity, we want to establish a dynamic equilibrium. This means that the clockwise
torques must be equal to the counter-clockwise torques. Terque is force times lever
arm. So, by deubling the length of the lever arm, we reduce the force necessary by
a factor of two. We can do this by placing our fulcrum twice as far from our force as
from our mass. By the diagram below, we can see that the curve traveled by the
mass to reach height ki, is only half as long as the curve traveled by the force-bear-
ing end of the lever. Once again, the force is inversely proportional to the distance,
and the work is the same with or without the machine. {Notice that as soon as the
lever begins to move, the lever arm shortens. However, as long as both gravity and
the force point downward, the lever arms remain in the same proportions.)

Rotation point

Modified Levers

'
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4.9 The Pulley

A pulley acts on the same principle as the ramp and lever; it allows force to act over
a greater distance and thus do the same amount of work with less force. The key to
understanding a pulley is remembering that tension throughout a massless rope at-
tached to a frictionless, massless pulley is constant. In other words, in the diagram
below, the tension T is the same at every point in the rope. Now, in our 5-step-sys-
tem, let’s choose our system to be pulley number 1. We choose pulley number one,
because pulley number 1 will move exactly as the mass moves. {If vou have trouble
visualizing this, imagine that the rope attaching pulley number 1 to the mass is a
solid, inflexible bar. It won't change the problem.) If you first chose the mass as
your system, you would not get the problem wrong, you would simply arrive at the
conclusion that the rope connecting the mass to pulley number 1 has a tension of
mg. Then you would be forced to choose a new system. Eventually, you would have
to find a system on which your unknown, T, was acting directly. This system is pul-
ley number 1. Like the lever, we wish to create a dynamic equilibrium where our
mass has a constant velocity upward. To do this, we want the upward forces to
equal the downward forces. The downward force is ing. The upward torces are the
two tensions in the rope attached to the puliey. The tension throughout a rope in an
ideal pulley ts the same at every point, so the two tensions here must be equal.
Setting upward forces equal to downward forces gives us mg = 2T, or T'= '/ myg. Of
course the work necessary to lift the mass to the table has not changed. So, since the
force is halved, how is the force applied over twice the distance? If we lock closely
at the pulley systern and imagine that the mass is raised one meter, we see that in
order for the rope to lift evenly, one meter must come off of both sides of the pulley
rope. Since it is all one rope, this amounts to pulling the rope a distance of two me-
ters where the force F is applied. Thus we have reduced the force by two and
increased the distance over which it acts by two as well. Again, when work is held
constant, force and distance are inversely proportienal.

Pulley #2

Fulley #1

mass



Questions 81 through 88 are NOT based on a
descriptive passage.

81. The frictionless pulley system below reduces the force
necessary to lift any mass by a factor of 3. How much
power is required to lift a 30 kg object 2 meters in 60
seconds using this pulley system?

A, 4W
B. 10W
C. 24W
D, 120W

82, An eccentric pulley can be used on a compound bow o
inerease the velocity of an arrow. The pulleys pivot
around the dots as shown, Below is a compound bow in
two positions. The tension at point A compared to point B
is most likely:

Position 1 Position 2

less in both position 1 and position 2.

less in position | and greater in position 2.
greater in both position 1 and position 2.
greater in position I and less in position 2,

el e
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83. A crate is to be lifted 1o a beight of 3 meters with the

84.

85.

assistance of an inclined plane. If the inclined plane is a
non-ideal machine, which of the following statements is
most likely true?

A. The non-ideal inclined plane increases the force re-
quired and decreases the work.

B. The non-ideal inclined plane decreases the force re-
quired and increases the work.

C. The non-ideal inclined plane increases the force and
the work required.

D. ‘The non-ideal inclined plape decreases the force
and the work required.

A girl riding her bicycle up a steep hill decides to save
energy by zigzagging rather than riding staight up.
Ignoring friction, her strategy will:

A. require the same amouant of energy but less force on
the pedals.

B. require the same amount of energy and the same
amount of force on the pedals.

C. require less energy and less force on the pedals.

D. require less energy and more force on the pedals.

An inventor designs a machine that he clairas will lift a 30
kg object with the application of only a 25 N force. If the
inventor is correct, what is the shortest possible distance
through which the force must be applied for each meter
that the object is raised?

A, 5m
B, 8m
C. 12m
P. I15m

STOPR



86. The pulley system shown below operates as a modified
lever. Pulley A and pulley B turn together so when a
person pulls on rope A the mass attached to rope B will
be litted. Which of the following changes to the system
will reduce the force needed to lift the mass?

Puiley A
Pulley B

Rope A
Rope B

Increase the length of rope A.
Increase the length of rope B.
Increase the diameter of pulley A.
Increase the diameter of pulley B.

TOPP
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87. The mechanical advantage for a machine is defined as the

8s.

output force divided by the input force. Since the output
force is typically greater than the input force, this value is
normally greater than one. For an ideal machine, what
would be another way of representing the mechanical
advantage?

A. (output distance)/{input distance)
B. (input distance)/(ontput distance)
C. {output distance) (input distance)
D. (input distance) + (output distance)

A wheelchair access ramp is to be designed so that 1000 N
can be lifted to a height of | meter through the application
of 50 N of force. The length of the ramp must be at least:

A. 5m

B 10m
C. 20m
D. 100m

STOPR.
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4.10 Radioactive Decay

Radioactive decay concerns atoms that spontaneously break apart. All atoms other
than hydrogen are subject to some type of spontaneous decay. [However, the rate at
which decay occurs varies dramatically. Atoms with a high decay rate are said to be
radioactive. Of the 2000 known nuclides (atoms and their isotopes), only 266 are sta-
ble. Atomic stability can be reasonably predicted by an atom’s neutron to proton
ratio. No atoms with more than 83 protons are considered stable. In smaller atoms,
a stable neutron to proton ratio is 1:1. As atoms get heavier, they require a larger
number of neutrons for stability and the ratic increases to as much as 1.5:1.

alpha o

3 - 0,
beta Bor Borje
: 2 -
positron f or je
0
gamma YU

411 Half-Life

There is no way to predict hew long a single atom will take to spontaneously decay.
However, since atoms are small, we are usually concerned with millions of them at
a time. Thus we can apply the rules of probability and make predictions concerning
large groups of atems. Any substance (a large group of identical atoms) has a pre-
dictable rate of decay. This predictable rate of decay is usually given in terms of a
half-life. A half-life is the length of time necessary for one half of a given amount
of a substance to decay. '

in any half-lite problem, there are 4, and only 4, possible variables. They are the
initial amount of substance, the final amount of substance, the number of haif-lives
(often given as a time period, in which case yvou simply divide by the length of a
half-life), and the length of the half-lite. Any MCAT hali-life question will provide
you wilh some form of three of these, and ask you to find the fourth. Any half-life
question on the MCAT should be a fast, free peint. To answer a hatf-life question on
the MCAT, count the number of hall-lives on your fingers. For instance, if alter 5
vears, 12.5% ol a substance remains, whal s the half-life? The initial amoeunt is, of
course, 100%. The final amount is 12.5%. The number of half-lives is found by
dividing the inttial amdéunt by 2 antil you arrive at the final amount. Keep track on

your fingers of the number of times that you divide by 2. 50% is once, 25% is twice,

12.5% 15 thrice. That's three half-lives, Tn another example: how long will it
take for 500 grams of a substance with a halt-life of 2 vears to decay to 62
grams? The initial amount equals 500, the final amount equals 62, the half-
life is 2 years. Divide the initial amount by 2 until you arrive at the final
amount. Keep track of the number of half-lives on your fingers. 250 is one,
125 is two, 2.5 is three. Rounding off numbers is the rule on the MCAT, so
the answer is 3 half-lives or 6 vears. Whaiever the combination, look for the
3 variables and sotve for the fourth by counting half-lives o

vour fingers.
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4.12 Types of Radioactive Decay

There are five types of radicactive decay on the MCAT: alpha decay, beta decay,
positron emissien, electron capture, and gamma ray production. (Positron emission
and electron capture are actually types of beta decay.) If you remember how each
particle is written and on which side of the equation it belongs, solving a decay
problem on the MCAT becomes a very simple math problem. Simply be sure that
the sum of the atomic numbers and the sum of the mass numbers on the left side of
the equation equal the sum of the atomic numbers and the sum of the mass num-
bers on the right side, and look up the proper elements in the periodic table.

Alpha decay (or a-decay) is probably the easiest to remember. An alpha particle is
a helium nucleus. Thus, it contains 2 protons and 2 neutrons. In alpha decay, an
alpha particle is lost. An example of alpha decay is:

2% _ 4 234
e U =50 - 5 Th

Beta decay (B-decay) is the expulsion of an electron. (Some books include positron
emission as a type of beta decay) A beta particle is an electron or positron. (A
positron is like an electron with a positive charge.) Notice that beta decay is not the
destruction of an electron; instead, it is the creation of an electron and a proton {rom
a neutron, and the expulsion of the newly created electron. An example of beta
decay is:

234 234 {)
il = o lPa + e

A neutrino (not shown) is also emitted during beta decay. A neutrino is a virtually
massless particle. A neutrino is typically represented with the Greek letter nu (v).

Pogitron emission is the emission of a positron when a proton becomes a neutron,
In positron emission, a proton is transformed into a neutron and a positron is emit-
ted. An example of positron emission is:

22
Na — e + INe

Electron capiure js the capture of an electron along with the merging of that
electron with a proton to create a neutron. In electron capture, a proton is desiroyed
and a neutron is created. An example of electron capture is:

201 0 201 0
wllg + 50 = "pAu + gy

A gamma ray is a high frequency photon. It has no charge and does not change the
identity of the atom from which it is given off. Gamma ray emission often
accompanies the other decay types. An example of gamima ray emission is when an
electron and positron collide:

0 0 i i
Se + e = Y + Y

This is a matter-antimatter collision called annihilation. Mass is destroyed releasing
energy in the form of gamma rays.



4.13 Mass Defect

The matter-antimatter collision between an electron and positron brings up an in-
teresting question. Did the energy exist before the collision occurred? Is this a
violation of the conservation of energy? Einstein had the answer with:

E=mc*

This equation gives the rest mass energy of an object. For the MCAT just think of
rest mass energy as latent energy within the mass of an object. It will only appear
on the MCAT if mass is created or destroyed. Otherwise, never even think about
rest mass energy. If mass is created or destroyed, always use E = mc’ to find the an-
swer, where m represents the amount of mass created or destroyed and ¢ is the
speed of light (3x10* m/s). The forces holding the nucleons (protons and neutrons)
together are the result of a change in the rest mass energy of the individual nucle-
ons, In other words, if we measured the mass of the nucleons before forming the
nucleus of an atom, and then measured the mass of the nucleus, there would be a
discrepancy; the nucteus would have less mass than the sum of the masses of its in-
dividual parts. The difference in the masses is called the mass defect. To find the
binding energy holding the nucleons together, plug the mass defect into E = mc”.

4

proton proton neutron neutron electron electron
10073 ammu + 1.0073amu + 1.0087amu + 10087 amu 4+ 00005 amu  + 0.0005amu = 4.033 amu

2 4.033
i -4.003
0.030 amu

mass defect

Helium
4.003

67
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414 Fission and Fusion

Fusion is the combining of two nuclei to form a single heavier nucleus. Fission is
the splitting of a single nucleus to form two lighter nuclei. How can large amounts
of energy be released in both processes? The energy comes from the mass defect. If
we think of the binding energy as a bond, we know that energy must be added in
order to break a bond (including ATP bonds). Thus, when we malke a bend in fu-
sion, we can see from where the energy can come; energy is always released when
a bond is formed. The energy comes from the bonds between the nucleons in the
new nucleus. These new bonds are stronger and more stable than those of the nu-
cleus that was just divided. Thus more energy was released in the formation of the
stronger bonds than was absorbed in the breaking of the weaker bonds.

8 "“‘-——___‘__‘_

7

ol
4 _| by
gt |
24|

Binding Energy

100 ' 200

The most stable nucei have the strongest binding energy.
Both fission and fusion produce more stable nuclei.
This graph is an appreximation.



4.15 Equation Summary

LECTURE 4: MOMENTUM, MACHINES, AND RADH

_—

Momentum

p=mv

Inelastic collisions

Piniiaa = Prinat

Elastic collisions

Piasar = Pt

K = Kot

Impulse
E, At=Amv

Rest mass energy

E=mc
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. 93. Which of the following graphs best represents the
Quest_lor_ws 89 through 96 are NOT based on a radioactive decay of *¥U?
descriptive passage.
Al C.
89. The half-life of substance X is 45 years, and it U U
decomposes to substance Y. A sample from a meteorite
was taken which contained 1.5% of X and 13.5% of Y by
mass. If substance Y is not normally found on a meteorite, X -
what is the approximate age of the meteorite? time tine
A. 45 years B D.
B. 100 years
C. 140 years B {) B l)
D. 270 years
90. When **Ra undergoes alpha decay an alpha particle is time time
emitted at 1.0 x 10" m/s. What is the velocity of the other
particle?
A, 1.6x10° 94. A diagram showing the changing mass of an unstable
B. 18x10° isotope undergoing radioactive decay over time is shown
C. 18x10° below. What is the half-life of the isotope?
D. 54x10°
70
91. In nuclear fission, a uranium nucleus combines with a 60
neutron, becomes unstable, and splits into Ce and Zr plus 5
two neutrons. The change in the mass of the interacting 8, 50+
parts is (.211 amu. How much energy is released in this *g 40
reaction? (Note: ¢% = 931.5 MeV/amu) =
A. 98 MeV 2 30
B. 130 MeV S
C. 157 MeV 7 2 20
D. 197 MeV 10
92. **Po undergoes two alpha decays and two beta decays to 0 0 i é :IJ, J; é é %.- é
form: Time (hss)
A, T
B. ™Ra A. 1.5 hours
C. Pb B. 2.5 hours
D. *Pb C. 4.0 hours
D. 6.0 hours

Copynight € 2007 Examirackers, ing. 70 GO ON TO THE NEXT PAGE.



95. Which of the sequences below could describe the decay
process from Bi-210 to Pb-2067

alpha, beta
beta, beta
alpha, alpha
beta, beta, beta

cPoOwp

71

96. The mass number of an atom undergoing radioactive
decay will remain unchanged in all of the processes
below EXCEPT:

alpha decay.

beta decay.
electron capture.
gamma emission.

SNEP

STOP.
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Fluids and SO'I_CIS

5.1 Fluids

Most substances can be classified as either a solid or a fluid. The melecules of a solid
are held in place by molecular bonds that can permanently resist a force from any
direction. A fluid is a liquid or gas. Unlike a solid, any existing molecular bonds in
a fluid are constantly breaking and reforming due to the high kinetic energy of the
molecules. Since the molecules of a fiuid are not arranged with any order or struc-
ture, but move about in random directions relative to each other, a fluid has only
temporal {inpermanent) resistance to forces that are not perpendicular to its sur-
face. However, since fluid molecules require room to move, collectively they can
create a permanent force outward from within the fluid. This outward force allows
a fluid to permanently withstand forces perpendicular to its surface. In other words,
the only permanent force that a resting fluid can exert is one normal to its surface.
Thus, a fluid is pushed and molded until its surface matches the shape of its con-
tainer exactly. When the fluid comes to rest, it experiences only the normal force
from the surface of its container and the force of gravity. (A liquid takes on a flat
upper surface so that the gravitational force is also perpendicular. In a gas, gravity
has an insignificant effect on the path of an individual molecule due to the high av-
erage velocity of the molecules, and a gas will fill an enclosed container.)
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Molecules of a solid
bond strongly and
vibrate in a fixed position.

Molecules of a fluid
bond weakly and
rotate, spin, and move past each other.
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In particle mechanics we discussed mass and energy. These properties were useful
because we knew exactly how much substance with which we were dealing.
Externally, we could view the entire object and meastire these properties. Properties
such as these, which are concerned with quantity, are called extensive properties.
Extensive properties change with the quantity of a substance. In fluid mechanics, we
often don’t know how much of a fluid with which we are dealing, thus we cannot
measure its mass or energy. In order to analyze such fluids we use intensive properties
or properties that are concerned with the intrinsic nature of a substance. Intensive
propertics do not change with the quantity of a substance. The two intensive prop-
cries that are analogous to mass and erergy are, respectively, density and pressure.

5.2  Density

Density {p) is the ‘heaviness’ of a fluid; it is how much mass it contains in a spec-
ified volume (V). The formula for density is:

p=m/ L%

The S.1. units of density are kg/m®. Notice that changing the amount of a given sub-
stance will not change the density of that substance. Compression of a fluid changes
its volume without changing its mass, and therefore will change density. Since
gases compress more easjly than liquids, the density of a gas is easily changed while
that of a liquid is not. Unless otherwise indicated, for the MCAT, assume that all lig-
uids and solids are totally incompressible, and thus have constant density. In reality,
gases are far more compressible than liquids, and liquids are far more compressible
than solids. Gases on the MCAT change their volume (and thus their density) as per
the ideal gas law: PV = nRT.

We have a strong intuition about the concept of mass because we use it everyday;
however, few of us have a strong sense of density. For instance, you can appreciate



how it feels to lift a 13 kg mass (about 29 pounds), but can you lift a buciet full of
mercury, which has a density of about 13,600 kg/m?*? Most of us have no idea. We
just don’t know density well enough. In order to make density a more intuitive con-
cept, specific gravity was created. The specific gravity (8.G.) of a substance is the
density of that substance (P, . ..e) cOmpared to the density of water (p,,..)-

SG = p.-u".\a{an-.u'llrp

Notice that a specific gravity of less than one indicates a substance lighter than
water; a specific gravity of one indicates a substance equally as heavy as water; a
specific gravity greater than one indicates a substance heavier than water. Since we
all have an intuitive feel for the heaviness of water, we can relate this to a substance,
if we know its specific gravity. The specific gravity of mercury is 13.6, so lifting one
bucket of mercury would be equivalent to lifting 13.6 buckets of water.

Welter

Mercury has a specific gravity of 13.6,
therefore 1 bucket of mercury has the same mass as 13.6 buckets of water

For the MCAT you should memeorize the density of water in the following two
forms:

Poatee = 1000 kg/m®

Praier = 1 gm/em’®

5.3  Pressure

Recall from Lecture 4 our discussion about impulse. Impulse is the change in mo-
mentum or the force of a cotlision multiplied by the duration of the collision (FAf).

Since the millions of molecules in a fluid are moving rapidly in random directions,
some will collide with an object submerged in that fluid. In any given time ¢, such
a submerged object will experience millions of collisions. If we measure the magni-
tude of the impulse of each collision and divide it by the time over which the
collisions occur, we arrive af the average magnitude of force created by the colli-
sions. Since the molecules are moving in random directions and at random speeds,
no single direction or speed will be more likely than any other, and the force on one
side of the object will be exactly countered by the force on its other side. (We will ig-
nore gravity for the moment and we will also assume that, if the fluid is moving,
the object is moving at the same velocity as the fluid.) If we take the average mag-
nitude of the force, and divide it by the area over which the collisions are taking
place (the surface area of the object), we have the pressure experienced by the ob-
ject. This is the fluid pressure. Fluid pressure results from the impulse of molecular
collisions. It is the average of the magnitudces of the change in momentum of these
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collisions divided by the time duration of the collisions and the area over which
these collisions occur. Pressure (P) is defined as force per unit area (A).

P=F/A

The S.1. unit of pressure is the Pascal (Fa). Pressure is a scalar; it has no direction.
Pressure exjsts in a fluid whether or not an object is immersed in that fluid.
Another way to think of fluid pressure is as a measure of the kinetic energy due to
the random velocities of molecules within a fluid distributed over the fluid volume.
The units of pressure are equivalent to energy per unit volume. So pressure can be
thought of as a type of ‘stored” energy per unit volume.

5.4  Fluids at Rest

A fluid at rest is one that is experiencing forces only perpendicular to its surface. At
any given depth, the pressure is equal to the weight of the fluid above a disk with
area A divided by the area of the disk. Notice from the diagram that the pressure is
independent of the area chosen.

For a fluid at rest with uniform density in a sealed container, pressure P is given by:

P =pgy
where p is the density of the fluid, g the gravitational constant, and y is the depth of
the fluid.
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Since fluid pressure is simply weight divided by area, additional fluids on top of the
first fluid simply add their weight toward the total pressure. The total pressure can
be found by summing the pressures due to each fluid as shown in the diagram on
the right.

Alr is a fluid. If we open our sealed container and expose it to the atmosphere, we
must add atmospheric pressure to any point in our fluid. In any fluid open to the
atmosphere, the pressure can be found from P = pgy + P, - (Note: If you are using
meters and kilograms, you must measure the atmospheric pressure in pascals (Pa).
P imospheric = 101,000 Pa)

You can think of the atmosphere as a sea of air. As vou move closer to
the top of this sea, its depth (v) decreases, Near the lop, you have fewer

mulecules above you, which means less weight and lower pressune.

Biologisk often talk aboul negative pressure created in yvour chest when
vou suck in air If you think of the molecular collision model of pressure
{Chemistry Lecture 2), you will realize thal negative pressure is
impossible. It would indicate less than zero collisions; an absurdity. The
negalive pressure that biologists refer to in the chest cavity is gauge
pressure. Gauge pressure isa measure of the pressure compared to local
.1I|Lm.~‘p|1<r1".r pressure: other words, local almospheric pressure is
arbitrarily given a value of zera. S50 when o biologist says there is
negative pressure inside your chest, there is still pressure n your chest;
itis just less pressure than atmospheric pressure, The higher pressure of
the atmosphere pushes air into your lungs. The same thing happens
when you “suck” Auid through a straw. Yoo create a partial vacoum
inside the straw. But a vacuoum doesn’t really “suck” anything into it. The
atmospheric pressure pushes down on the fluid outside the straw
pushing up the fluid inside the straw. Withoul .'dl]:i'-'--j_:n]‘.:-wr{L pressire, a

st would not work. Just remember, in real life, physics never sucks.
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Since fluid pressure is a function of depth, the shape of the container does not affect
it. The pressure everywhere at a given depth in the same resting fluid will be con-
stant,

Just as each block in a stack of blocks must bear the weight of all the blocks above
it, each point in an enclosed fluid must bear any increase in pressure. This is called
Pascal’s principle. Pascal’s principle states that pressure applied anywhere to an
enclosed incompressible fluid will be distributed undiminished throughout that
fluid. Notice that Pascal’s principle does not apply to a gas because a gas is com-
pressible.

5.5 Hydraulic Lift

The hydraulic lift is a simple machine that works via Pascal’s principle. A force on
piston 1 acts to apply a pressure on the incompressible fluid. This pressure is trans-
ferred undiminished to piston 2. Since piston 2 has a greater area than piston 1, the
force on piston 2 is proportionally greater. However, recall that an ideal machine
does not change work. Thus, the distance through which the force is applied is pro-
portionally less. Fid, = F,d,, /A =F,/A,

Pistonn 1 Piston 2
I ‘.
e TR
a’_l . | A, 1 *AP,
[ *AP, | ]
| A |
: |
TF‘ |
AP = AP,

5.6 Archimedes’ Principle

1In the 3@ century B.C., the king of Syracuse was given a crown and told that it was

solid gold. Archimedes was given the task of proving or disproving that the crown
was solid gold. Archimedes knew the density of gold and decided to find the den-
sity of the crown. To find the volume of the crown, he submerged it into a bucket of
water and measured the amount of water displaced. He then weighed the crown
and divided its mass by its volume. The density of the crown was not the density
of gold; Archimedes had proven that the crown was a fake.

This story reminds us that an object submerged in a fluid displaces a velume of
fluid equal to its own velume. Before the object is submerged, the upward force on
the fluid that it will displace must equal the weight of that fluid {F, ... = Mg, ..)-
Once the object is submerged, the net upward force remains, but the fluid is gone,
replaced by the object. Thus the upward force acts on the submerged object. This
force is called the buoyant force. Archimedes’ principle says that the buoyant force
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(F,) is an upward force acting on a submerged object, and is equal to the weight of
the fluid displaced by the submerged object. The buoyant force is given by:
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where V is the volume of the fluid displaced. The buoyant force is always equal to

the weight of the fluid displaced. In the diagram below the bucyant force is F

Puovant”
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A floating object displaces an amount of fluid equal to its own weight. The floating
equation says that the submerged fraction of a floating object is equal to the ratio of
the density of the object to the density of the fluid in which it is floating. If the ob-
ject is floating in water, this ratio is the specific gravity of the floating object.
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Make sure that you understand that,
since the buoyant force is due to the
"difference’ in pressure, the buoyant
force does not change with depth.

A fully submerged object displaces s
volume in fluid; a fleating object
displaces its weight in fluid.

Another way to understand the buovant force is as a resull of the pressure
difference between the upper and lower surfaces of a submerged object. Since
pressure increases with depth, the lower surface of an object experiences greater
pressure than the upper surface. This pressure difference multiplied by the upper
or lower surface area is equal to the buoyant force.

Center of Center of
mass buovancy

N FI*T I"ri

\- I { / i

lead | foam I|_
lfﬂg . i

If we consider an object to be a single particle, the buoyant force acts at the cenfer of
buoyancy. The center of buoyancy is the point where the center of mass would be, if
the object had a uniform density. If the object is not uniformly dense, the center of
mass and the center of buoyancy will not coincide. This could create a torque on the
object and cause it to spin as shown in the diagram below. Center of buoyancy ex-
plains why a fishing bobber always floats upright.

o~ Center of buoyancy

Center of mass | '.
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Questions 97 through 104 are NOT based on a
descriptive passage.

98.

97. Mercury has specific gravity of 13.6. The colomn of
mercury in the barometer below has a height # = 76 cm.
If a similar barometer were made with water, what would
be the approximate height A of the column of water?

—

A. 56cm
B. 76cm
C. I[54cm
D. 1034 cm
Two identical discs sit at the bottom of a 3 m pool of
water whose surface is exposed to atmospheric pressure.
The first disc acts as a plug to seal the drain as shown. The
second disc covers a container containing nearly a perfect
vacuum. If each disc has an area of 1 m?, what is the
approximate difference in the force necessary to open the
containers? (Note: | aum = 101,300 Pa)
amos.
//
3m 1 Gl :
//~ T e
S s Sz
atmos. | vacuum
A. There is no difference,
B. 3000 N
C. 101,300N
D. IM300N

Copyright © 2007 Exarnkrackers, Inc.
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99. A brick with a density of I.4 x 10° kg/m® is placed on top

100.

101.

102.

of a piece of Styrofoam floating on water. If one half the
volume of the Styrofoam sinks below the water, what is
the ratio of the volume of the Styrofoam compared to the
volume of the brick? (Assume the Styrofoam is massless.)

A, 07
B. 14
C. 28
D. 56

A hetium balloon will rise into the atmosphere until:

A. The temperature of the helium inside the ballooen is
equal to the temperature of the air outside the bal-
foon.

B. The mass of the helium inside the balloon is equal
to the mass of the air outside the balloon.

C. The weight of the balloon is equal to the force of the
upward air current.

D. The density of the helium in the balloon is equal 0
the density of the air surrounding the balioon.

A child’s bathtub toy has a density of 0.45 g/cm’. What
fraction of the toy floats above the water?

A, 5%

B. 45%
C. 55%
D. 9%

The diagram below shows a hydraulic lift. A force is
applied at side | and an output force is generated at side 2.
Which of the following is true?

IFI
. F,
Ol I

A,

NS

The force at side | is greater than the force at side 2.
The force at side 1 is less than the foree at side 2.
The pressure at side 1 is greater than the force at
side 2.

The pressure at side 1 is less than the pressure at
side 2.

v awmp

STOPR.



103. The pressure at the botiom of a cylindrical tube filled with
water was measured to be 5000 Pa If the water in the tube
were replaced with ethyl alcohol, what would be the new
pressure at the bottom of the tube? {The density of ethyl
alcohoi is 0.8 gfem3.)

A, 4000 Pa
B. 4800 Pa
C. 35000Pa
D. 6250Pa

Copyright €© 2007 Examkrackers, Inc.
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104. Three containers are filled with water to a depth of 1
meter. At the bottom of which container is the pressure

the greatest?
T T e T T
P fo oo B '
\_“__/ \ | o :'
- \ : L ,‘
B S e
{/ ,//) — ™ L /
A B c
A. Container A
B. Container B
C. Container C
D. The pressure is the same at the bottom of all the
containers.
STOP



5.7 Fluids in Motion

The molecules of a moving fluid can be thought of as having two types of motion:

1. the random translational metion that contributes to fluid pressure as
in a fluid at rest and;

2. auniform translational metion shared equally by all the molecules at
a given location in a fiuid.

The uniform translational motion is the motion of the fluid as a whole. This motion
does not contribute to fluid pressure. If we recall our molecular model of fluid pres-
sure, an object moving along with the fluid will not experience additional cellisions
due to this uniform translational motion. Thus, it will not experience any additional
pressure. In fact, the energy from the two types of motion can be converted back
and forth; some of the random. translational motion can be converted to uniform
translational motion and vice versa. For instance, if we remove a portion of the wall
of a container holding a fluid at rest, the fluid will move through the opening. This
happens because the molecules moving in the direction of the opening de not col-
lide with anything, but instead continue in their present direction. Some of the
random motion has changed to uniform motion. Since there are fewer collisions in
the fluid moving through the opening, there is less pressure. We will come back to
this point later in this lecture.

e <= _ <] Molecules with some
T ‘h,/;r ﬂ random motion and
S “4. " ,| some uniform motion.

a-® o —a -
K -
Py’ ,vq‘{ = /
T 4+ & 4_,3:.4'*‘—;&. i
T il A ¥ &
¥ .‘_Fx_; L}H Ll ;ﬂ L
T TR £ S .7e._ﬂ[
i B,
SN

Molecules moving
in random directions
in a fluid at rest.

5.8 Ideal Fluid

Because moving fluids are very complicated, it is useful to create a hypothetical
fluid which lacks certain characteristics of real fluids. This hypothetical fluid is
called ideal fluid. Ideal fluid differs from real fluids in the following four ways:

1. Ideal fluid has no viscosity. Viscosity is a measure of a fluid’s temporal
resistance to forces not perpendicular to its surface. (More precisely, vis-
cosity is the rate of shear stress divided by the rate of strain.) For the
MCAT think of a fluid’s viscosity as its tendency to resist flow. For ex-
ample, syrup has greater viscosity than water. A closely related concept
to viscosity is drag. Drag is force, similar to friction, created by viscosity
and pressure due to motion. Drag always opposes the motion of an ob-
ject through a fluid.

2. Ideal fluid is Incompressible; it has uniform density. This is the same as-
sumption that we make for any liquid on the MCAT unless otherwise
indicated, but not for gasses.

P Euwarikrackers, ine.

83



84 -

=
o

]

3. Ideal fluid lacks turbulence; it experiences steady (or laminar) flow. Steady
flow means that all fluid flowing through any fixed point will have the
same velocity. Remember, velocity specifies magnitude and direction.
Turbulence means that, at any fixed point in the fluid, the velocity may
vary with time.

4. Ideal fluids experience irrotational flow. This means that any object mov-
ing with the ideal fluid will not rotate about its axis as it flows, but wiil
continue o point in one direction regardless of the direction of flow. The
MCAT is not likely to touch this one.

No ideal fluid actually exists. However, we can use ideal fluid to make crude pre-
dictions about real fluids. We do this by imagining how ideal fluid would behave
in a given situation, and then considering how the above characteristics would af-
fect this behavior. On the MCAT, all liquids are ideal, unless otherwise indicated.

Since ideal fluids are incompressibie, their volume remains constant. The volume of
a fluid moving through a section of pipe is given by the cross-sectional area (A) of
the pipe fimes the distance (d) of the pipe section. If this same volume of fluid
moves completely through this pipe section in a given time (f), the rate ({2} at which
volume passes through the pipe is Ad/t. Since the fluid moves a distance 4 in time
t, its velocity is v = d/£. Putting these two equations fogether we get the continuity
equation:
(ﬂa‘? = ‘1'.?-

where (2 is called the “volume flow rate’. Flow can be given in terms of mass as
well. For the mass flow rate (I) multiply the volume flow rate by density:

| =pll= |"‘|, I||.‘

In an ideal fluid, flow rate is constant. Notice from these equations that area is
inversely proportional to velocity; the narrower the pipe, the greater the velocity.

A second important equation that you must memorize for the MCAT is Bernoulli's
equation:

P+ pgh + ; pv*=K

Whete K 13 a constant specific to a fluid in a given situation of flow, and P, I, and v
refer to the pressure, height, and velocity of the fluid at any given point. (Warning:
I is not the same as ¥ in P = pgy, h is the distance above some arbitrary point; v is the
distance beneath the surface.) Bernoulli’s equation stales that, given one continu-
ous ideal flow, the sum of its three terms is a constant at any point in the fluid. If we
look closely at Bernoulli's equation, we see that it is actually a restatement of con-
servation of energy. Notice that if we multiply any of the terms by volume, we get
units of energy. In fact, the second term gives the gravitational potential energy per
unit volume (mgh/V). The third term gives the kinetic energy from the uniform
translational motion of the molecules per unit volume (('/2 mv”)/ V). The first term,
pressure, is the energy per volume from the randem motion of the molecules.
Because energy is conserved in ideal fluid flow, the total energy must remain con-



stant; thus, the sum of the three terms is constant threughout the fluid. This is an
easy method for remembering Bermoulli’s equation. This also aids our understand-
ing of the terms. For instance, the % in the second term is similar to the / in
gravitational potential energy; the zero value for & can be chosen arbitrarily. Like
the /& term in gravitational potential energy, it is measured from bottom to top.
Notice this is the opposite direction of measurement for the y term in hydrostatic

pressure: P = pgy. Also, recall the equation that predicts the velocity of a body in free

fall when all of its potential energy is converted to kinetic energy.

Bernoulli’s equation predicts the same result for a fluid. If a spigot attached to a

tank of fluid is opened, and we choose i = 0 to be the point of the

ity of the fluid coming from the spigot can be derived from Bernoulli’s equation as:

b= J2gh

P, = atmos.
e &
7,=0
F; ¥ipgh,+% PUIE = P,+pgh, +
pgh =Y pe’
20 =07

From Bernoulli’s equation we can derive an important {(and possibly counter-
intuitive) notion about the relationship between pressure and velocity in ideal

fluid flow. As velocity increases, pressure decreases.

The concept of streamiines was created to assist in the visualization
of an ideal fluid. A streamline is a path followed by a hypothetical
fluid particle. This particle follows only the uniform translational
motion of the moving fluid. The magnitude and direction can
change from one point to the next, but its velocity

at any fixed point will remain the same. The veloc-

ity of the particle at any point along a streamline is

tangent to the curve made by the streamline. The

magnitude of the velocity is inversely related to the

distance between streamlines; the closer the

streamlines, the greater the velocity. Streamlines

can never intersect, since this would indicate two

possible velocities for the same fixed point. A

group of streamlines three-dimensionally encom-

pass a tube of flow.
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5.9 Non-ideal Fluids (Real Fluids)

All real fluids are ron-ideal. The MCAT only requires that you understand non-
ideal fluids qualitatively. This means that you must predict the general deviation to
ideal fluid when we add the first three of the four lacking characteristics.
(Irrotational flow will not be on the MCAT.)

Drag and viscosity are like friction and always act to impede flow. Increasing vis-
cosity increases drag. Drag occurs at the fluid-object interface and is a force working
against flow. As we move away from the fluid-object interface the effect of drag
lessens. In a real fluid flowing through a pipe, the greatest velocity would be at the
center of the pipe, the spot furthest from the fluid-object interface. You can remem-
ber this general rule about drag by recalling the dusty blades of a well-used fan. The
dust on the fan blade remains despite the high speed of the fan. This is because the
air immediately adjacent to the fan moves extremely slowly or not at all due to
drag. Because the sides of the pipe create the greatest drag, the tonger the pipe, the
greater the amount of fluid-object interface, and the greater is the resistance to flow.
Also notice that if the radius of a pipe is reduced by a factor of 2, the fluid volume
(V = wd) is reduced by a factor of 4, but the surface area is only cut in half
(A = 2rrd). Thus, the more narrow the pipe, the greater the effect of drag.

Notice from the tube of flow that fluid does not necessarily move from high pres-
sure to low pressure. Pressure has no direction. The driving force behind the
direction of fluid flow is the fluid’s tendency to find its greatest entxopy. For the
MCAT, just use common sense. Ask yourself in which direction you would expect
ity of 2 non-  the fluid to flow. If all other things are equal, fluid will move from high pressure to
id as well, | ith a non- low pressure. In a horizontal pipe of constant cross-sectional area, fluid will flow
luld you must also consider drzg,  from high pressure to low pressure according to the following equation:

wobably increase i

impedes fiow
AP =R

the pipe Ina non-ideal fluid, velocity will £l b

prabably increase, but not as myuch as if

where R is the resistance to flow. In Physics Lecture 7, we will discuss the similar-
ity of this equation with Ohm’s law for voltage and the analogy of pressure to
voltage. The volume flow rate for real fluid in a horizontal pipe with constant cross- -
sectional area can also be given in terms of pressure, viscosity (1), pipe length (L),
and pipe radius (#):

Q — APTE_TA
&nlL

This equation is known as Poiseuille’s Law. It is given here because it is a common

equation and you should recognize that it is concerned with real fluids, not ideal
fluids.

5.10 A Method for Greater Understanding of Fluid Flow

As stated earlier, Bernoulli’s equation describes conservation of energy within an
ideal fluid. If each term in Bernoulli’s equation is divided by the specific weight pg
of the fluid, the units of each new term become meters. Each new term is referred
to as a ‘head’. pgh becomes h, and is called the elevation head. /2 po? becomes /2 v*/g,
and is called the velocity head. P becomes P/(pg), and is called the pressure head. We
shall refer to the original terms by the heads, but, for sirnplicity, we shall not divide
by the specific weight.

If we examine the figure below, a hypothetical fluid particle at the top of the tank is
stationary. Its energy is completely contained as gravitational potential energy. The
height of the fluid at this point is its elevation head. The zero point is arbitrary, so
we will choose the floor. The velocity and pressure heads are zero because the par-
ticle is at zero velocity and zero gauge pressure. Since energy is conserved in ideal

Copyright €@ 2007 Exambrackers, inc,



fluid flow, the sum of the three heads (the piezometric head) always measures to this
same value. An energy line (EL) can be drawn horizontally at this level. The piezome-
fer tube measures the piezometric head. A sfatic pressure fap measures the pressure
head and the elevation head, but not the velocity head. The hydraulic gradient line
(HGL) can be drawn along the top of the static pressure taps.

With this knowledge, you can use the continuity equation ((Q = Av) to better under-
stand fluid flow. The difference between the piezometric tube and the static
pressure tap is the velocity head. The top of the elevation head is at the center of
mass of the moving fluid. In the diagram below, the displacement from where the
clevation head ends to where the velocity head begins is the pressure head. If that
displacement is downward, there is negative guage pressure. Notice if a static pres-
sure tap were placed at a position where there is negative guage pressure,
atmospheric pressure would push air into the fhuid.

Static
pressure Piezometer

. tap ~ tube

In a real fluid, the energy line drops as the fluid progresses.

5.11 Surface Tension

You should understand surface tension qualitatively for the MCAT. Any formula
will be provided with a passage.

Although more dense than water, a tiny needle can be made to float on the surface
of water. The force supporting the needle is not the buoyant force; no water is dis-
placed. The force supporting the needle is created by surface tension. Surface
tension is the intensity of the intermolecular forces per unit length. Much like a
spring, when the molecules at the surface of the water are pushed downward by the
weight of the needle, the intermolecular bonds of the water are stretched, and pull
upward. Surface tension is also responsible for the formation of water droplets. The
intermolecular forces pull inward tending to minimize the surface area by creat-
ing a more spherical shape. (A sphere has the least surface area per volume of any
shape.) Since surface tension is a function of the intermolecular forces, it is de-
pendent upon the temperature of the fluid (the higher the temperature, the weaker
the surface tension) and upon the fluid with which it is interfacing.
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Glass tubing
ﬁ/ \:
Water Mercury

Related to surface tension is the phenomenon of capillary action, where a fluid may
be pulled up a thin tube. For capillary action, recognize that there are two types of
forces acting: the intermolecular forces responsible for surface tension (cohesive
forcesy; and the forces between the molecules of the tube and the fluid molecules (ad-
hesive forces). If the cohesive forces are stronger, a convex meniscus is formed and
the fluid is pulled downward by the vertical component of the surface tension. If
the adhesive forces are stronger, a concave meniscus is formed and the fluid is
pulled upward by the vertical component of the surface tension. In the diagram
above, the adhesive forces between water and glass are stronger than the cohesive
forces between water molecules, so the water is pulied upward. In the other tube,
the adhesive forces between mercury and glass are weaker than the cohesive forces
between mercury molecules, so the mercury is pulled downward.
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108. All of the following would increase the volume flow rate

Quest.iorjs 105 through 112 are NOT based on a of a fluid being pumped through a pipe EXCEPT:
descriptive passage,

A. increasing the pressure difference between the ends
of the pipe.

decreasing the fluid viscosity.

increasing the pipe radius.

increasing the length of the pipe.

B.

105. An jdeal fluid with pressure P flows through a horizontal C
pipe with radius r. If the radius of the pipe is increased by D

a factor of 2, which of the following most likely gives the

new pressure?
109. A spigot is to be placed on a water tank below the surface

AP of the water. Which of the following gives the distance of
B. 4pr . .
the spigot below the surface i compared to the velocity
. ler ith which the water will through the spigot?
D. The new pressure camnot be determined without W ater will run tarough the spigots
more information. A &
106. If the container pictured below is fitled with an ideal
fluid. which point in the fluid most likely has the greatest 0 0
pressure? v v
B. D.
h h
0 / | /
v v

110. Two drops of equal volume of different substances were
placed on the same flat surface. A side view of drop A and
drop B is shown below.

N

Drop A Drop B

Sowp
oo0we

107. Water in moist soil rises through capillary action. The Compared 1o drop B, drop A has:

intermolecular forces between water molecules are: A. stronger intermolecular forces and lesser surface
A. weaker than the intermolecular forces between tension.

water and soil molecules. B. stronger intermolecular forces and greater surface
B. equal to the intermolecular forces between water tension.

and soil molecules. C. weaker intermolecular forces and Jesser surface ten-
C. stronger than the intermolecular forces between siomn. ‘

water and soil molecules. : D. weaker intermolecular forces and greater surface
D. The comparative strength between the intermolecu- tension.

lar forces cannot be determined with the informa-

tion given, '
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111. The diagram below shows a cross-sectional view of a
cylindrical pipe of varying diameter,

—_—> Ae Be —>

A

If an ideal fluid is flowing through the pipe, all of the
following statements are true EXCEPT:

A.

B.
C.

The cross-sectional area is greater at point A than at
point B.

The pressure is lower at point B than at point A.
The volume flow rate is greater at point A than at
point B.

The flow speed is greater at point B than at point A.

Copyright @ 2007 Examkrackers, Inc.
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112. A spigot was opened at the bottom of a barre] full of
water and the water was allowed to run through the spigot
until the barrel was empty. Which of the following
describes the speed of the water flowing through the
spigot as the barrel erptied?

A.  Always decreasing

B. Always increasing

C. Conslant

D.  Decreasing, then increasing.

STOPR



5.12 Solids

In Chemistry Lecture 4, we discussed the different structures of a solid. In general,
atoms or molecules tend to be held together rigidly. However, all solids are, to some
extent, elastic. In other words, they can change their dimensions by stretching or
compressing, but not breaking, these rigid bonds. To discuss the elasticity of solids
we must understand two concepts: stress and strain.

Stress is the force applied to an object divided by the area over which the force is
applied. It has the same units as pressure but by convention we use N/m” and not

Pa in order to distinguish it from pressure.
Stress = F/A

Strain is the fractional change in an object’s shape. Strain is a ratio of change in di-
mension compared to original dimension, and has no units.

. Adimension
Strain = - ——"—
original dimension

Stress is what is done to an object, and strain is how the object responds.

Like force and displacement in Hooke’s law, stress and strain are proportional to
each other. This proportionality can be given as a ratio known as the modulus of

elasticity.

stress
strain

Modulus of elasticity =

Up to some maximum stress, the modudus of elasticity is a constant for a specific
substance. This constant is arrived at through experiment. Like Hooke's law, the
maximum stress point is called the yield point. An object strained to its yield point
will regain its shape once the stress is removed. Up to this point, the ratio of stress
to strain is described accurately by the modulus of elasticity. Beyond the yield point
an object will remain intact, but will not regain its original shape. The stress-strain
ratio is not described accurately by the modulus when the stress exceeds the yield
point. When a stress is applied that is significantly greater than the yield point, the
object will break. This is called the fracture point.

Yield point f

_ Stress

Behaves [

mpcdiiug Strain

A typical stress vs. strain curve
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There are three separate moduli that you should know for the MCAT:
1. Young's modulus (E) for tensile stress;

2. the shear modulus (G) for shear stress; and

3. the bulk modulus (B) for compression and expansion.

All moduli work in both directions. For instance, Young’s modulus works for ten-
sile compressive forces and tensile stretching forces. Also, in each case, the force
used in the equation is not the sum of the forces, which would be zero, but the mag-
nitude of one of the forces.
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5.13 Thermal Expansion

Solids typically expand when heated. As their molecules absorb energy, their vi-
brations require more room. Expansion is typically considered in one dimension
(linear expansion} or three dimensions (volume expansion). The formula for linear
expansion is:

AL = LaAT

where L is the original length of the object, AT is the change in temperature, and ¢
is a constant unique to the particular substance. Notice that the change in tempera-
ture is proportional to the change in length.

The formula for volume expansion is:

AV = VBAT

where V is the original volume and [ is a constant unique to the particular sub-
stance. It is a simple exercise to show that = 3a.

R
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5.14 Equation Summary

Fluids at rest

Fluids in motion
Q=Av

K=P+ %pvﬂpgh

Solids

stress

modulus of elasticity = AT
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Questions 113 through 120 are NOT based on a
descriptive passage.

114,

115.

110.

113. If a solid will buckle under pressure greater than 12 atm,

and that solid has a specific gravity of 4, what is the
maximuom height of a circular column made from the solid
that can be built at the earth’s surface? (Note: 1 atm =
101,000 Pa.)

A 4m

B. 1Zm

C. 24m

D. 30m

Which of the following gives the percent change to
the Young’'s Modulus for a substance, when ifs
cross-sectional area is increased by a factor of 3?

A, 0%

B. 33%

C. 300%

D. 900%

The Young’s modulus for bone is 9 x 10° N/m®. What is
the percent change in length of a tibia with a cross-
sectional area of 6 cm’, if it experiences a compressive
force of 5.4 x 10° N?

A, 0.001%

B. 0.1%

C. 1%

D. 10%

A single steel column is to support a mass of 1.5 x 10* kg.

If the yield strength for steel is 2.5 x 10° N/m” and safety
regulations require the column to withstand five times the
weight it presently holds, what should be the approximate
cross-sectional area of the base of the column?

A. 06m?
B. 3m’
C. 6m?
D. 30m?

117. The sole of 4 certain tennis shoe has 1 shear moduolus of

4 x 107, Tf the height of the sole is doubled, the strain will:

. decrease by a factor of two.
remain the same.

increase by a factor of iwo.
increase by a factor of four,

vawe
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Questions 118 through 119 are based on the table of
Young’s moduli shown below.

118.

119.

126,

Substance Young’s modulus (N/m?)
Copper 1.0x 10"
Aluminum 7.0 x 10"
Magnesium 4.1 x 10"
Lead 1.5 x 10"
Glass 6.0 x 10"

If all of the substances listed are subjected to the same
stress, which one will undergo the smallest {ractional
change in length?

A. Copper

B. Aluminum
C. Lead

D. Glass

A glass rod is subjected to a stress and undergoes a
fractional change in length of 1.0%. If a lead rod is
subjected to the same stress, it will undergo a fractional
change in length of:

A, 025%
B. 050%
C. 10%
D. 4.0%

The bulk modulus for a substance would be most
important to a researcher who is testing material that will
be:

used in high tension cables.
submerged deep in the ocean.
subjected to high temperatures.
transported at great speeds.

cSoRp
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6.1  Wave Characteristics

A wave is the transfer of momentum and energy from one point t¢ another. There
are three types of waves: mechanical; electromagnetic; and matter. Although many
of the concepts discussed early in this lecture are applicable to electromagnetic and
matter waves, these waves have some special features that will be discussed toward
the end of this lecture and in Physics Lecture 8. Mechanical waves obey the laws
of classical physics and require some medium through which to travel. The
medium, if it is perfectly elastic, is momentarily displaced by a wave and then re-
turned to its original position. Such a medium is called nondispersive because a wave
maintains its shape and does not disperse as it travels. Nondispersive waves can be
considered ideal waves. On the MCAT assume all media to be nondispersive unless
otherwise indicated.

Mechanical waves can be further separated inte transverse and longitudinal waves.
A transverse wave is one in which the medium is displaced perpendicularly to the
direction of wave propagation, such as waves on a string. A longitudinal wave
(also called a sound wave) is one in which the medium is displaced parallel to the
direction of wave propagation, such as a sound wave in air.
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Simple transverse and simple longitudinal waves can be represented mathemati-
cally by the sine function. For a transverse wave, the sme function represents
vertical displacement of the medium with respect to time or displacement of the
wave. For a longitudinal wave, a phase-shifted sine function represents either the
change in pressure or the horizontal displacement of the medium with respect to
the time or displacement of the wave.

If we examine this mathematical representation of a wave, when the x-axis is dis-
placement of the wave, the wavelength (A) is measured from any point in the wave
to the point where the wave begins to repeat itself. For a simple sine function, the
wavelength can be measured from trough to trough, or peak to peak. For any other
function, a wavelength is measured from any point, to the next point where the
function begins to repeat itself. Wavelength has units of meters.

The frequency (f) of a wave is the number of wavelengths that pass a fixed point
in one second. Frequency is measured in hertz (Hz), or cycies per second. It is often
written simply as 1/s.

The product of wavelength and frequency is velocity.
o= J||I‘ }u

The reciprocal of frequency is called the period (T). The period is the number of
seconds required for one wavelength to pass a fixed point. When the x-axis is time,
the period is from any point on the wave function, to the next point where the func-
tion begins to repeat itself.

pel
f

The amplitude A of a wave is its maximum displacement from zero. Amplitude is
always positive.

= number of waves
that pass this point
in one second

| ‘ \ /\ \« Direction of propagation Z

T'=the number of seconds
required for one wave
Lo pass this point
For transverse waves, the i axis is the displacement of the medium
perpendicular to the direction of propagation.
For longitudinal waves, the i axis may be either pressure or displacement of the medium
paralle] to the direction of propagation.




Be aware that the wave function can be plotted against either displacement or time.
For a sinusoidal wave moving along a string in the x direction, the transverse dis-
placement i is given by:

y(x, t) = A sin{kx — wt)
where k is the angular wave muonber, and © is the angular frequency (see Physics
Lecture 2). This equation will not be useful on the MCAT, but understanding it
helps to understand waves.

Although the velocity of a wave is always given by the product of the wavelength
and frequency, the velocity is dictated by the mediuwm through which the wave
travels. A change in frequency or wavelength does not change the velecity of a
wave in a given nondispersive medium. Nor does the velocity of the wave source af-
fect the velocity of the wave itself. In other words, the sound waves made by a
speeding jet travel at the same speed as the sound waves made by a crawling tur-
tle. Only the medium affects the velocity.

Two aspects of the medium affect the velocity:

1. the medium’s resistance to change in shape (or elasticity); and

2. the medium’s resistance to change in motion {or inertia).

For instance, the velocity of a wave traveling along a perfectly elastic string is:

F

where T is the tension in the string (not the period), and p is the mass per unit
length of the string. From this equation, we see that we change the medium with-
out changing the string, but by increasing the tension on the same string.

{Here, T is tension not period.)

The velocity of a sound wave is given by:

- -
p(srnall pressure variations only) p (isothermal gases only)

where B is the bulk modulus of the medium and P is the pressure of the gas. It is
not important to memorize these equations, but it is important to be able to predict
how a change in medium might change the wave velocity. For instance, if the ten-
sion is equal, a wave will travel faster on a lighter string than a heavier one.
However, notice that, when comparing sound waves in water and air, we cannot
predict the relative velocities without actual values. Since water is heavier than air,
it should slow the sound waves. But actually, water more than makes up for its
higher density with a much greater bulk modulus, and sound waves travel signifi-
cantly faster in water.

You should also be aware that for a gas, the velocity increases with tempera-
ture according to the equation:

o= [IRT
V=]—
M (Here, T is temperature.)

where v Is a constant for a specific gas (about 1.4 for air) which compensates for
temperature changes during contractions, R is the universal gas constant, and M is
the molecular mass. This indicates that the random velocity of the gas molecules is
a limiting factor for the velocity of a sound wave. The greater the temperature, the
greater the random velocity, the greater the sound wave velocity. In fact, the
velocity of a sound wave through a gas is on the order of magnitude of (but slightly
less than) the random velocity of its molecules,
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Surface waves, such as waves on the surface of water, have some special properties.
They are neither completely transverse nor completely longitudinal. If the MCAT
were to test your knowledge of surface waves, it would probably give you a for-
mula in a passage. Surface waves are also called gravity waces, because gravity acts
as the elastic component. Because gravity acts as the elastic component, just like a
projectile, the mass (or density) of the liquid does not change the rate at which a sur-
face wave rises and [alls. Thus, the velocity of wave propagation is not changed by
the density of the liquid. In shallow liquid, where the depth i is much smaller than
the wavelength A, the velocity of a surface wave is given approximately by:

v=lay (y <A

Notice that the velocity increases as the depth increases. Although not shown by
this approximation, the velocity also increases slightly with amplitude.

In deep liquid, a dispersive medium, the velocity increases with the wavelength as
follows:

D= 15— (l/>>?\.)

Power is the rate at which a wave transfers energy. Power in waves is typically dis-
cussed in terms of intensity (I). It has units of W/m?. Intensity of a sound wave is
given by:

I ="parA'o

where p is the density of the medium, w is the angular frequency, 4 is the ampli-
tude, and v is the wave velocity. For a wave on a string, simply replace p with p.
Recall from Physics Lecture 2 that = 2nf, sc intensity is proportional to the square
of the frequency. Dependence of intensity (or power) on the square of frequency
and square of amptlitude is true for all types of waves. Notice that frequency and
amplitude depend upon the wave source, while density and velocity are factors of
the medium.

i .
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Intensity is a useful way to discuss the rate of energy fransfer of waves because a
wave may fravel in several directions at once. For instance, if you snap your fingers
m the air, some of the energy is ransferred away from your fingers in the form of a
sound wave moving in all directions. Although this energy remains constant, it is
moving away from your fingers and spreading out over the surface area of an ever
enlarging sphere. The increase in area means that the intensity of the sound is de-
creasing. Here, the intensity at any given radius # is the power divided by the
surface area of a sphere and given by:

P

=
At

This is not a useful equation to memorize because it is applicable only under very
trmited circumstances.



Although intensity for sound waves is a measure of energy rate transfer per area,
humans do not perceive intensity on a linear scale. Tor instance, the sound waves
created by the rustling of leaves are about 10 times more intense than those created
by normal breathing; yet, we don't perceive them as 10 times louder. In order to
compensate for this and to make intensity more intuitive, an artificial scale for in-
tensity level (B} has been created, based upon a logarithmic scale of intensities.
The units of this scale are decibels (dB). The relationship between B and [ is given

by:

= 1010g—}L

]

where I is the threshold intensity of human hearing (the Jowest intensity audible
by the typical human).

5 ne.

x10

x10°
x10°
x10*

+10
+20
+30
+40
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Questions 121 through 128 are NOT based on a
descriptive passage.

121.

If an ocean wave hits a particular beach once every four
seconds, and the wave peaks are 12 meters apart, with
what velocity are the waves coming into shore?

A. 3mfs
B. 4mfs
C. 12mfs
D. 48 mfs

122. Waves generally travel faster in solids than in gases

123,

124.

because:

A. The density of solids is generally greater than the
density of gases.
B. The density of gases is generally greater than the

density of solids.

C. Solids are less compressible than gases.
D. Gases are less compressible than solids.
One end of a string is shaken each second sending a wave

with an amplitude of 10 cm toward the other end. The
string is 5 meters long, and the wavelength of each wave
is 50 cm. How many waves reach the other end of the
string in each 10 second intervat?

A, 2

B. 5

C. 10

D. 50

The sound level of the chirping made by a bird at a

distance of 5 meters is measured at 30 dB. When the same
bird is 50 meters away the sound level is measured at 10
dB. How many times greater is the amplitude of the sound
wave at 5 meters away compared to 50 meters away?

A. 3 times greafer.
10 times greater.
20 times greater.

B
C.
D. 100 times greater.

Copyright €2 2007 Examkrackers, inc.
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125.

126.

127,

128.

Sound waves are an example of:

A, longitudinal waves because the medium moves per-
pendicularly to the propagation of the wave.
B. longitudinal waves because the medium moves par-

allel to the propagation of the wave.

C. transverse waves because the medivm moves per-
pendicularly to the propagation of the wave.

D. transverse waves because the medium moves paral-
Iel to the propagation of the wave.

When the frequency of a sound wave is increased, which

of the following will decrease?

I. Wavelength

II. Period

HI. Amplitude
A. Tonly

B. Illonly

C. TandIlonly
D. Tand I only

A ship uses a depth finder to discover the depth of water
beneath it at any fime. The depth finder operates by
sending a sound wave towards the bottom of the ocean
and measuring the time it takes for the wave to be
reflected off the bottom and return to the ship. At a certain
point, it takes 1 second for the wave to return. What is the
depth at that point? (The speed of sound in water is 1500
m/s)

A. 750m

B. 1500 m

C. 3000 m

D. 4500 m

If the intensity of a sound is doubled, the decibel level

will increase by:

less than 10 dB.
exactly 10 dB.
more than 10 dB.
exactly 20 dB.

cowp
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6.2 Superposition, Phase, and Interference

The phase of a wave relates to its wavelength, frequency, and place and time of ori-
gin. In a nondispersive medium, the phase is constant and given by:

kx — wf = the wave '_'J"'I-L

The angular values in this equation are beyond the MCAT. Don't memorize this
equation. It is sufficient for the MCAT to think of phase as a horizontal shift of a
wave on a Cartesian graph as shown below. Each wavelength represents 360°. So
half a wavelength represents 180°. Two waves that are the same wavelength, and
begin at the same point, are said to be in phase with each other. Two waves that are
the same wavelength but travel different distances to arrive at the same point, will
be out of phase if that distance is not some multiple of the wavelength. The angle
by which two waves differ is called their phase constant.

Two or more waves can occupy the same space. When this happens, if the waves
are transverse, their displacements add at each point along the wave to form a new
wave. This superposition of waves is called interference. Interference can be con-
structive or destructive. Comstructive interference occurs when the sum of the
displacements results in a greater displacement. Destructive interference occurs
when the sum of the displacements results in a smaller displacement. After passing
through each other, waves that interfere will revert to their original shape, unaf-
fected by the interference.

Two waves in phase Two waves 180" out of phase

AN
\ \/ \_

Constructive Interference Destructive Interference

Any waveform, no matter how irregular, can be created by superposition of a suffi-
cient number of sine waves with the correct amplitudes and wavelengths.

A special case of superposition of waves is the phenomenon known as beats. Beats
occur when two waves with slightly different frequencies are superimposed. At
some points they will be nearly in phase and experience constructive interference.
At other points they will be out of phase and experience destructive interference.
These points will alternate with a frequency equal to the difference between the fre-
quencies of the original two waves. This difference is called the beat frequency.

.;.il-:-n% = 5.«’"1 _f! [
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A good way o remember the beai
frequency 15 to think about tuning a

i is impossible to tune a piano
The pigne tuner listens to the
ency of the tuning fork and the

2. In arder to bnng the piano

into perfect wune, the beat frequency
must be zero. The tuner would have to
wail forever while the beats get farther
and farther apart until they are infinitaly
separated, By the way, the beat
frequency is an alternating increase and
decrease in the intensity of the noise.
What the tuner actually hears is called
the pitch, The frequency creating the
pitch would be an the
frequencies from the piano and the
tening fark. Pitch  correlates  with
frequency; a high note has high pitch
and high frequency

i i f
average of

important: When a wave tansfers from
one medium to the next, the wavelength
changes and the frequency remains the

same,

Notice the lines below. They occur at slightly different frequencies. Your eye per-
ceives equally spaced light and dark spats, which correspond to the beat frequency.

When a wave reaches an interface between two media, some or all of the energy and
momentum will reflect back into the first medium. Any energy and momentum not
reflected will refract into the second medium. Any refracting wave will continue in
the same orientation with the same frequency but with a smaller amplitude and a
different wavelength. The orientation of the reflected wave will depend upon the
relative density of the two media. When the wave reflects off a denser medium, the
wave is inverted (Its phase is shifted 160%). When the wave reflects off a less dense
medium, it is reflected upright {No phase shift occurs),

Upright reflection Inverted reflection

The reflection of a wave is most easily visualized by examining a wave pulse. A
wave pylse is a single wavelength, If you imagine a string attached to a thread, and
then imagine sending a wave pulse down the string, some of the energy would con-
tinue into the thread (the light medium) as an upright wave pulse, and the rest of
the energy would reflect back as an upright wave pulse. Now imagine the same
string attached to a heavy rope. The reflected wave is inverted.



Now let’s look at two sine waves with the same wavelength traveling in opposite
directions on the same perfectly elastic string. As shown by the diagram, when they
pass through each other something interesting happens. The point where they col-
tide is never displaced. It doesn’t move at all. This point is represented by the black
dot in the diagram and is called a mode. Notice also that only the points intersected
by the two vertical lines experience maximum conslructive interference. These
points are called antinodes. Now imagine two endless rows of sine waves travel-
ing in opposite directions on the same string. The string would hold perfectly still
at the nodes and move violently up and down at the antinodes. This conditfion is
known as a standing wave.

v

What would happen if we locked both cnds of the string at zero displacement by
tying them to a wall and then generated a row of sine waves on the string? Let’s as-
sume that, at the string-wall interface, the entire wave is reflected back to the string
and no energy is refracted into the wall. In this situation, since two nodes, one at
each wall, are already specified, oniy certain wavelengths would create a standing
wave. All other wavelengths would create very small, irregular oscillations of the
string. A list of the wavelengths from largest to smallest of the possible standing
waves for a given situation is called a harmonic serfes. The harmonics are num-
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bered from longest to shortest wavelength. The longest wavelength, called the first
harmonic (A,) or fundamental wavelength, is created with the fewest number of
nodes, two. This means that the distance from one wall to the other is half a wave-
length. The second harmonic (L) is created by adding another node. This makes
the wavelength of the second harmonic equal to the distance between the walls,
Each successive harmonic is created by adding a node. The equation for the har-
monic series where each end is tied down as a node or where each end is loose
creating an antinode is:

L="2n (n=1,2,3,..)

where L is the distance between the two ends of the string and # is the number of
the harmonic. This equation is the same for longitudinal waves such as sound. A
pipe closed or open at both ends with sound waves inside will fallow this equation.
1f only one end of the string is tied down, or only one end of a pipe is open, the un-
tied or open end is an antinode. For a string tied at only one end, or a pipe open at
only one end, the equation changes to:

_ J‘I?\.”

L (n=1,3,5.)

Notice when one end is an antinode, the even numbered harmonics are missing.

The standing waves described above cause the string to resonate or vibrate at its
natural frequency or resonant frequency. Since velocity js constant for a given
medium, the resonant frequency can be found for any given harmonic from the
equation v = fA.

All mechanical structures have natural frequencies at which they resonate. If an out-
side driving force is applied to a structure at the resonant frequency, the structure
will experience maximum vibration velocities and maximum displacement ampli-
tudes. The condition where the natural frequency and the driving frequency are
equal is also called resomance. An examination of the resonating string discussed
above will reveal the driving force to be the reflected wave. This demonstrates that
both definitions of resonance are the same. I a non-ideal situation, energy is lost to
some daiiping effect at the resonant frequency, and must be replaced by some out-
side driving force at the same frequency. A maximum displacement is produced
resulting in a standing wave,



Questions 129 through 136 are NOT based on a
descriptive passage.

129,

130.

131.

132,

How many wavelengths are shown between the dotted
lines in the wave form below?

SowP
N S R N

When two waves are superimposed, the resulting wave
can be found by summing their:

A. frequencies
B. perods

C. wavelengths
D. displacements

In order for two sound waves to have an audible beat
frequency, the two waves must be:

. in phase.

out of phase.

close in frequency.

of the same wavelength.

SoEe

All of the following statements are true about a resonating
string EXCEPT:

A. A resonating string forms a standing wave.

B. The wavelength of a resonating string must coincide
with one of its harmonics.

C. Some spots on a resonating string will not move at

all.

If left alone, the amplitude of a wave on a resonat-

ing string will grow infinitely large.
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133,

134.

135.

136.

If a guitar string is 0.5 m long, what is the wavelength of
its third harmonic?

A. 025m
B. 033m
C. 05m
D. 1m

Two violinists are playing together, slightly out of tune. If
one violinist produces a frequency of 883 Hz and the
other produces a frequency of 879 Hz, beats would be
heard with a frequency of:

A. 21z

B. 4Hz

C. 881 Hz.
D. 1762 Hz.

A vibrating string has consecutive harmonics at
wavelengths of 2.0 m and 4.0 m. What is the length of the
string?

A, 10Om
B. 20m
C. 40m
D. 80m

Waves A and B, pictured below, may or may not be in
phase. If wave A and wave B are superimposed, the range
of possible amplitudes for the resulting wave will be:

1em

Wave B

3em

from 0 cm o 3 cm.
from 0 cm to 9 cm.
from 3 cm to 6 cm.
from 3 cm to @ cm.

FOFPF

STOPR



108 -

6.3 Simple Harmonic Motion

Any motion that repeats itself is called periodic or harmaonic motion. If we stand di-
rectly in front of someone who is steadily peddling a stationary bicycle, and we
watch the peddles, they appear to move straight up and down. They move faster in
the middle of the motion and slow down at the top and bottom. If we recorded this
up and down motion on paper as the paper was pulled to our right, we would draw
a perfect sine wave, This type of motion is a specific type of harmonic motion. It is
called simple harmonic motion, which means that it is a sinuseidal function in
time. Objects in simple harmonic motion exhibit similar properties of which you
must be aware for the MCAT.

The function that gives the displacement x of an object in simple harmonic motion
with respect to time is a simplified form of the equation for a wave moving along a
string. It is:

where A is the maximum displacement, w is the angular frequency (w = 2nf), and ¢
is the phase constant that depends on what displacement x we call. t = 0. (When
x=Aatf=90 then o =0.) You will never need this equation on the MCAT. By tak-
ing the first and second derivatives of this equation we get the velocity and
acceleration of the cbject in simple harmonic motion. Although these equations are
not required for the MCAT, by combining the displacement and the acceleration
equabons we arrive at:
a(t) = —w*x(})

This simple relationship identifies two important properties of simple harmonic
motion; the acceleration is directly proportional to the displacement, but opposite
in sign, and the acceleration and displacement are related by the square of the fre-
quency.

if we multiply both sides of [a(f) = —w'x(f)] by mass m, we get Hooke's law!
F = —n1@’x, and we can see that the spring constant & is mw”. Therefore, since a spring
follows Hooke’s law, a mass bouncing on the end of a massless spring exhibits sim-
ple harmonic motion. If we lay the mass and spring on a frictionless horizontal
table, stretch the spring, and release it, we get the same motion, and we can exam-
ine it without the complication of gravity. When the spring is fully stretched or fully
compressed, the restoring force 15 at a maximum. Since the force is at a maximum,
the acceleration is also at a maximum. Since displacement is at a maximum, the
elastic potential energy, /2 k1%, is also at a maximum. At this point the velocity is
zero because the mass is reversing directions. Since the velocity is zero, the kinetic
energy, /> mv?, is also zero. When the mass is crossing the equilibrium point of the
spring (the length of the spring at rest), the net force on the mass is zero because
Ax is zero (F = —kAx). The potential energy is zero for the same reason. The velocity,
however, is at a maximum, which means that kinetic energy is also at a maximum.
Of course, no force means that acceleration is zero. So we see that another charac-
teristic of most systems in simple harmonic motion is an oscillation between kinetic
energy and potential energy. No energy is lost to the surroundings.
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Since k = mo’, and o = 2nf, the period of the motion for the mass on a spring is given

by:
T=2nmn /E
k

Notice that the inertial factor is on top and the elastic factor is on the
bottom. Since period is inversely proporticnal to velocity, this is
what we would expect from a wave phenomenon.

B
v
Tercicn = MGCOSH + M-

Another apparatus that simulates simple harmonic motion js a pen-
dulum swinging at a small angle. (A 5 degree angle equals
approximately 0.1% deviation from simple harmonic motion. For the
MCAT, assume simple harmonic motion on all pendulums unless
otherwise indicated.) Just like the mass on a spring, the pendulum
exchanges energy forms between potential and kinetic. A pendulum
has total gravitational potential at the top of its swing and total ki-

netic at the bottom.
T=2n Jf
g
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6.4 The Doppler Effect

The Doppler effect results because waves are unaffected by the speed of the
source which produces them. If the source moves relative to the receiver of the
waves {(here called ‘the observer”), each wave will travel a different distance in
order to reach the observer, and therefore the observer will not receive them at the
same frequency as they were emitted. For instance, if the source were to move fo-
ward the observer as fast as the waves, all the waves would arrive at the observer
at the same time; obviously this would not be the frequency with which they were
emitted. If we are talking about sound waves, where pitch changes with frequency,
the observer would not hear the same pitch that the source emitted. With light, the
observer would not observe the same celor that was emitted.

If needed, the formula for the Doppler Effect for mechanical waves will be given to

you ort the MCAT as:
vIo,
g _f‘)[vivu]

This formula is unlikely to be useful on the MCAT. The difficult aspect of this for-
mula is to understand when to use the plus sign and when to use the minus sign.
The easy way to solve this problem is to follow these steps: 1) assume that the ob-
server is not moving; 2) if the source is moving toward the object, label that
direction negative and use the minus sign for »; 3) now check the direction that the
observer is moving. If the dircction is the same, use the same sign for v,; if not, use
the opposite sign for v,. This system is possible because velocity is a vector and once
vou label a direction positive for one vector it must be so for all vectors.

For all waves, the Doppler Effect can be approximated by:

= s and — = —

(¢ is not neccessarily the speed of light)

You should always use these formule for any Doppler MCAT problem, and not the
morc complicated formula above. These formulae approximate the Doppler Lffect
when the relative velocity v of the source and the observer are much smaller than
the wave velocity c. Af and AJ are the change to the source frequency f and the
source wavelength A.

=1 4] ek =, -2

Notice that you must make a qualitative judgement as fo the direction of the change
in frequency and wavelength. This is simple: when the relative veiocity brings the
source and observer closer, observed frequency goes up and observed wavelength
goes down; in the opposite case, the opposite is true. If the objects are getting far-
ther apart as time passes, subtract Af from f, or add AL from A& if they are
approaching each other as time passes, add Af to f, or subtract AR from A,
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The relative velocity v is sometimes difficult to grasp. It is simply the net speed at
which the scurce and object are approaching each other. For cbjects moving in the
same direction, subtract their individual speeds; for objects moving in opposite di-
rections, add their individual speeds.

Opposite directions 5 s b s

(lpposite directions O m's

In the diagram below, the train's velocity wnds to make me hear the whistle with a
higher pitch. Notice that the wave peaks to the right of the train are closer than
those to the left. The movement of the train pushes the peaks closer together. B

running to the right, | tend to spread the wave peaks back out again as they strike

me. ['m not as fast as the train, so the net result is that | hear the whistle at a higher
frequency.

T

Sinee the t

ain is closing in on Sall

he hears the train’s whistle at a hi

frequency and a hig

ther pitch, This is
evident Froom the closer wavelengths. _h . —
Be sure o remember that, for light, when

tha SOurce anl DESEFVED are

approaching each o

Tequency 1s zerm
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6.5 Equation Summary

Waves
ﬂ:fl
o
=7
Sound
I HA
p=10 ing-l;n L=
_me:!ﬁ _‘fl = r%l""
The Doppler Effect
& _w AL _
i ® A,



Questions 137 through 144 are NOT based on a
descriptive passage.

137.

138.

139.

140.

If the mass on the bob of a pendulum is increased by a
factor of 3, the period of the pendulum’s motion will:

A. beincreased by a factor of 2.
B. remain the same.

C. be decreased by a factor of 2.
D. be decreased by a factor of 4,

Which of the following would most accurately
demonstrate the kinetic energy of a pendulum?

A. G,

K.E. K.E.
0
0
time time
B D.
0 ]
K.E. K.E.
- 0 ;
time hme

If the amplitude of a sine wave is doubled, the intensity:

remains the same.
increases by a factor of 2.
increases by a factor of 4.
increases by a factor of 16.

FORP

Which of the following factors by itself will increase the
frequency at which an observer hears a sound emanating
from a source?

A. A wind blows from the source to the observer.

B. The source and the observer move away from each
other at the same speed.

C. The source and the observer move in the same di-
rection at the same speed.

D. The source moves away from the observer more
slowly than the observer moves toward the source.

Copyright & 2007 'Examkrackers, loe.

141.

142,

143.

144.

A piano creates a musical note when a metal wire
stretched between two fixed ends is struck by a hammer,
creating a standing wave. As the force with which the
hammer strikes the string is increased, the amplitude of
the string’s motion i3 increased. Which of the following
properties of the wave on the string will remain the same
as the force of the hammer is increased?

I. frequency
II. wavelength

III. velocity

A. lonly

B. TandII only
C. [Iland IT only
D. L 1I,and 111

As a pendulum pictured below swings through point A,
which of the following is at a maximum?

A

tangential acceleration
displacement from rest
kinetic energy

gravitational potential energy

PORP

A clock uses the motion of a pendulum 0 keep time. If
the clock were placed at a height several thousand
kilometers above the earth’s surface, it would run:

A. faster than it would on the surface of the earth.

B. slower than it would on the surface of the earth.

C. at the same speed that it would at the surface of the
earth.

D. ataspeed that can’t be determined from its speed at
the surface of the earth.

All of the following are examples of harmonic motion
EXCEPT:

a pendulum moving back and forth

a skydiver falling through the atmosphere.
a car moving around a circular wrack.

a siring vibrating on a musical instrument.

SRR NS

STOP.






Electricity and Magnetism

7.1 Electric Charge

Like energy, charge is an enfity that defies definition. Yet, all of us have an intuitive
idea about what it is; we've all experienced a shock from static electricity, for in-
stance. Charge is intrinsic to the nature of some subatomic particies; it is part of
their identity. Most of us are aware that there is positive charge and negative charge.
The ‘positive’ and megative’ signify nothing more than that these charges are op-
posite to each other. Instead of positive and negative, they could have been called
up and down, black and white, or even had their names reversed to 'negative’ and
‘positive’. It is an accident of science that electrons were labeled negative and not
positive, and, as a result of this accident, current runs in the opposite direction of
electrons. Charge {4) is given in units of coulombs ().

Just as there is a universal law of conservation of energy, there is a Universal Law
of Conservation of Charge. The universe has no net charge. In the majority of sit-
uations (and for the MCAT), net charge is created by separating electrons from
protons. If we were to put all the positive and negative charges in the universe to-
gether, they would cancel each other out, right down to the last electron and proton.
Thus, anytime a negative charge is created, a positive charge is created, and vice
versa.

Charge is quantized. This means that any charge must be at least as large as a cer-
tain smallest possible unit. The smallest possible unit of charge is one electron unit
(e = 1.6 x 107™.C), the charge on one electron or one proton.

Opposite charges aftract each other; like charges repel each other. The for-
mula describing the magnitide of the force of the repulsion or attraction between
two charged objects is called Coulomb’s law, and is analogous to the formula for
gravitational force:

f*' — ;k_ ql if'r
P

where k is the Coulomb constant (k = 8.988 x 10" NXm*/C%), g represents the re-
spective charges, and r is the distance between the centers of charge.
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.
This diagram assumes that the force due to gravity is negligible
compared to the focre due to charge. This is often a safe assumption.

Notice that the diagram above is the same as that used for gravity in Lecture 2. We
want to emphasize the similarity between these two forces. Both gravitational and
electric forces change inversely with the square of the distance between the centers
of mass or charge. One major difference is that gravitational forces are always at-
tractive while electrical forces may be either atiractive or repulsive.

Also notice that the force due to gravity in the diagram above is ignored. Coulomb’s
forces are usually of a far greater magnitude than gravitational forces, and, unless
the masses are very large, gravitational forces are negligible.

In defining Coulomb’s law, we used the phrase ‘center of charge’. Similar to center
of mass, the cemter of charge is a point from which the charge generated by an ob-
ject or system of objects can be considered to originate. For example, the charges on
a hollow, positively charged sphere made from conducting material will repel each
other so that they move as far apart as possible. This results in the positive charge
spreading uniformly along the outer surface of the sphere. Due to the symmetry, the
center of charge exists at the center of the sphere, even though there is no actual
charge at the center of the sphere. The electrostatic force on a charged object placed
outside the sphere can be found using Coulomb’s Law, where r is the distance be-
tween the object and the center of the sphere.

Notice the same is true for gravity.

The similarities between gravity and electricity stem from the fact that both tmass
and charge create fields. A field is a man-made concept designed to explain action

Copyright © 2007 krackers, ne.



at a distance. Recall that on the MCAT, any force that acts on your system must be
physically contiguous to it, except for the forces of gravity, electricity, or magnetism.
This is because these forces are created by fields and can act at a distance.

Any field can be represented by lines of force. Lines of force point in the direction
of the field (positive to negative for electric fields, towards the mass creating the
field for gravitational fields). The relative distance between lines indicates the
strength of the field; the closer the lines, the stronger the field. Lines of force can
never intersect, as this would indicate a field pointing in two different directions
from the same location, an impossibility. The lines of force for a single positive point
charge are shown in the diagram above.

Examine the lines of force for the field created by the positively charged, holiow
sphere. Notice that the inside of the sphere has no electric field. A negatively
charged sphere would produce the same result. This is because the lines of {orce
must begin on a positive charge and end on a negative charge. This is an impossi-
bility for lines entering the sphere. Thus there can be no lines of force inside a
uniformly charged sphere. Again, the same is true for a gravitational field.

r o
- 18
+ l. |
g i

An electrie field is defined as the electrostatic force per unit charge. The symbol for
any electric field is E. E is a vector pointing in the direction of the field and has
units of N/C or V/m. For a point charge, the electric field is found by dividing
Coulomb’s law by g giving:

- 117
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The electric field for a system of point charges is found by summing the fields due
to each charge. Remember that E is a vector and you must use vector addition when
sumiming fields.

The symbol for the gravitational field near the surface of the earth is the familiar g.
When we wish to discuss the gravitational force on any object at the surface of the
earth, we normally use ‘mg” and not ‘F = Gmmi /r*'. This is because we are very fa-
miliar with the gravitational field near the surface of the earth, and thus we have
created a shorthand method for describing the gravitational force for any mass; that
method is the mass times the field, #1g. Similarly, the force on a charge (g) in an elec-
tric field (E) is:

To find the potential energy of a mass in the earth’s gravitational field relative to
some other position, we multiply this force times the displacement in the direction
opposite the field, mgh. Similarly, the potential energy (L) of a charge in an elec-
tric field is the force times the displacement {(d):

U= Egd

where d is measured from a zero point of our own choosing, similar to 4 in gravita-
tional potential energy. Since this particular electric potential energy is dependent
upon position, it is also a type of potential energy.

[f the electric field is created by a point charge, we can derive the electric potential
energy from Coulomb’s law:

i
-

Notice that according to this formula, electric potential is zero for particles sepa-
rated by an infinite distance. Since energy is a state function, its value can be
arbitrarily assigned, and it is given a zerc value in this case by convention.

= ,____,_\\
/ mass ™\
i
Field | \ charge |
\!?’ \\\_ ///
TR
o ANpaty ;
i e o
g mass \\ Oor o
IR
. charge /f
e ~

Recalling our study of gravity, if we wanted to create a function for the work re-
quired to move any given mass along any frictionless path near the surface of the
earth, what would this function be? In other words, we are looking for a function
intrinsic to the gravitational field, which is independent of any mass. What function
would give us the ‘potential” of the field in terms of work gained or lost per unit
mass? The answer is gh, the field times the displacement in the direction opposite
the field. 1If we multiplied any mass times gh, we would have the work done by the
field in moving that mass. This is called the potential of the field. In electricity, po-
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tential has a special name, voltage. Voltage (V) is the potential for work by an elec-
fric field in moving any charge from one point to another.

§7

-_
¥V = Ll

Voltage is given in units of wolts {V}), and is a scalar. You should also recognize volt-
age in units of J/C.

The voltage due to a point charge is:

v=ri
"

Since voltage is a scalar, when finding the voltage due to a group of point
charges, the voltages due to each individual charge can be summed di-
rectly.

Notice from the diagram on the oppostie page that, like the work done by
gravity, the work done by an electrostatic field is independent of the path.
This is because both fields are conservative; they both conserve mechani-
cal energy. As we will see when we discuss magnetism, this is not true of
all electric fields.

Within an electric field, movement perpendicular to the field does not result in a
change in potential, just as a mass moving along the surface of the earth does not
experience a change in its gravitational potential. In any electric field we can define
a surface normal to the field that describes a set of points all with the same poten-
tial. Examples of such surfaces are shown as dashed lines in the diagram below.
They are called equipotential surfaces. All points on an equipetential surface are
at the same voltage. An equipotential surface can be drawn at any point in the field.

Also shown in the diagram are the field lines of an electric dipole. An electric di-
pole is created by two opposite charges with equal magnitude. An electric dipole

Copyright © 2007 Exambrackers, inc.
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moment (p = qd) is a vector whose magnitude is the charge 4 on one of the charges
times the distance d between the charges. In physics, this vector points in the op-
posite direction to the electric field, from the negative charge to the positive charge.
In chemistry the vector points from positive to negative. At large distances the elec-
tric field of a dipole varies by 1/#.

A dipole placed in an electric field will tend to align itself along the field in the op-
posite crientation to the field. Thus a dipole not perfectly aligned with an external
electric field will have a potential energy of U = —pEcos® where 8 is the angle be-
tween the dipele and the electric field.

+

5]
[
=
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148. If the distance between a point charge and an infinitely
large charged plate is increased by a factor of 2, the new
force on the point charge will:

Questions 145 through 152 are NOT based on a
descriptive passage.

A.  decrease by a factor of 4.
B. decrease by a factor of 2.
145. Two _chal‘ged metal plate:q are placed one meter apart C.  remain the same.
creating a constant ellectr}c field b(.atween them. A one D. increase by a factor of 2.
coulomb charged particle is placed in the space between
them. The particle experiences a force of 100 newtons
due to the electric field. What is the potential difference 149. A positively charged particle starts at rest 25 cm from a
between the plates? second positively charged particle which is held

stationary throughout the experiment. The first particle is

[];' i OV v released and accelerates directly away from the second
C- 100V particle. When the first particle has moved 25 cm, it has
D' 1000 V reached a velocity of 10 m/s. What is the maximum
’ velocity that the first particle will reach?

. . . A, 10 m/s

146. How much work is required to move a positively charged B. 14 m/s

particle along the 15 cm path shown, if the electric field C. 20 m/s
E s ?O N/C and the charge on the particle is 8 C? (Note: D.  Since the first particle will never escape the electric
ignore gravity) field of the secend particle, it will never stop accel-

; erating, and will reach an infinite velocity.
...................... 5
> 150. The electric field for two point charges A and B is shown
N, : below. Which of the following is true?

Y.

h 4

A4

. — RNVAN

|B—>

0 cm 5em 10 cm
081J /\
817

12]
1200 ]

SowEp

Both charges are positive.
Both charges are negative.
The charges have opposite charges.
The charges can not be determined.

cSowr

147. If the distance between two point charges is increased by
a factor of 3, the new force on either charge will be:

decreased by a factor of 9.
decreased by a fuctor of 3.
remain the same.

increased by a factor of 3.

FaRF

Copyright 2 2007 Exambrackers, Inc. 121 STOP



151. Two particles are held in equilibrium by the gravitational
and electrostatic forces between them. Particle A has
mass m, and charge g,. Particle B has mass m, and charge
g,. The distance between the charges is 4. Which of the
following changes will cause the charges to accelerate
towards one another?

m,, is doubled and m, is doubled.
m, is doubled and m, is halved.
¢, is doubled and g, is doubled.
d is doubled.

ToRe

Copyright @ 2007 Examkrackers, Inc.
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152, When ~10 C of charge are moved from point A to point B
in the diagram below, 90 J of work is done.

» —
__,,)ﬁB

+ o+ o+ o+ o+

The voltage between point A and point B is:

A, 09V
B. 9V
C. S0V
D. %00V

STOP.



7.2 Movement of Charge

When charge moves along an object {usually in the form of electrons), that object is
satd to be conducting electricity. At the same tHme that it is conducting electricity,
the object also resists the movement of charge. All substances conduct electricity to
some extent, and all substances resist movement of charge to some extent (super-
conductors excluded). Substances resist and conduct charge to different degrees.
However, it turns out that the vast majority of substances either conduct charge
very well or very poorly. Thus, we can safely classify most substances as conduc-
tors or resistors. Good coenductors, such as metals, allow electrons to flow
relatively freely. Poor conductors (good resisters) hold electrons tightly in place.
Poor conductors are represented by, among other substances, network solids such
as diamond and glass.

1st conductor
|

& ; Ty T -
& [ZENs v [ &
ej 7 g & & &
B, Negatively
b : charged
e A e s
7 abject

2nd conductor

Since electrons flow easily along conductors, we can charge a conductor by induc-
tion. If we move a negatively charged object close to an electrically insulated
conductor, the electrons on that conductor will be repelled to its opposite side. If we
then touch a second conductor to the first, the electrons will move still further from
the charged object by moving onto the second conductor. Once the second conduc-
tor is removed, the first conductor is left with fewer electrons than protons, and
thus has an induced positive charge.

Moving charge is called current. Current is given in amps (A}, or C/s. Current is
a scalar, but we describe its flow to be in the direction of the movement of positive
charge. Unfortunately, Ben Franklin designated electrons to be negative without re-
alizing it. Because of this, current, which is usually created by flowing electrons, is
in the opposite direction to the flow of electrons.

The flow of electrons resembles the flow of a fluid. Like molecules in a moving fluid,

electrons move very fast in random directions, while there is a much slower uniform
tranglational movement (called drift speed) opposite the direction of the current.

7.3 Circuits

A circuit is a cyclical pathway for moving charge.

As we learned earlier, all substances resist the flow of charge. The quantitative
measure of this property is called resistivity (p). The quantitative measure of an
object of a particular shape and size to resist the flow of charge is called its resist-
ance (R) and is measured in ohms (). If an object is made from a homogeneous
conductor, the resistance of the object when a voltage is applied uniformly to its
ends is related to the resistivity of the material that it is made from by:

L
R=pl
P

This formula demonstrates that if the length of a wire is doubled or its cross-sec-
tional area is cut in half, its resistance is also doubled. This is similar to what we
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would expect for fluid flowing through a pipe. Many useful analogies can be made
between fluid flow and electron flow.

The product of the resistance (R) and the current (1) gives the voltage.
V=iR

This is known as Ohm's law. Ohum'’s law is a very useful formula for analyzing cir-
cuits. This law also reveals another useful analogy between fluids and electricity.
Recall from Lecture 5 that the change in pressure in a real fluid moving through a
horizontal pipe with constant diameter is given by the product of the volume flow
rate and the resistance (AP = OR). Because we are probably more intuitive about flu-
ids, it is often helpful to think of cuzrent as flow through a constant diameter pipe,
and voltage as the difference in height between points in the pipe. (More precisely,
voltage is analogous to glt.)

If we grasp this analogy, it makes a useful aid in remembering Kirchoff's two rules.
Kirchoff’s first rule states that the amount of current flowing into any node must
be the same amount that flows out. A node is any intersection of wires. If we imag-
ine current as fluid, it becomes obvious that the rate at which fluid flows into an
intersection must match the rate at which fluid flows out. Otherwise, a pipe would
burst. Kirchoff’s second rule states that the voltage around any path in a circuit
must sum to zero. If we imagine voltage as the height difference between two
points, this rule states the obvious that the height of the starting point does not
change when we go around some path (regardless of the path) and end up back
where we started.

A battery adds energy to a circuit by increasing the voltage from one point to an-
other. In our analogy to fluids, a battery pumps the fluid to a greater height.
Batteries are rated with an electromotive force (EMFE). EMF is not a force at all,
but is simply a fancy word for voltage. In fact, it is a mistake. EMF was named be-
fore scientists really understood voltage.

Real batteries have internal resistance. Most of the time on the MCAT, there will be
no internal resistance. Always assume that there is no internal resistance unless oth-
erwise indicated. To account for internal resistance, simply redraw the battery and
place behind it, or in front of it, a resistor the size of the internal resistance.



Battery

Voltage

A capacitor is used to tem-

porarily store energy in a

circuit. It stores it in the form

of separated charge. In a paral-

lel plate capacitor, two plates

made from conductive material

are separated by a very small dis-

tance. On a charged capacitor, one
plate holds positive charge, and the
other plate holds the exact same amount of
negative charge. This separation of charge cre-
ates an electric field that is constant everywhere
between the plates. The electric field is given by:

1@
K Ag,

Notice that this K is not the Coulomb’s constant. This is the dielectric K, which we
will discuss below. Q is the charge on either plate. The g, term is derived from
Coulomb’s constant k. Tt is related to k by:

k=2
4ne

By definition, capacitance is the ability to store charge per unit voltage. In other
words, something with a high capacity can store a ot of charge at low voltage.

|

Vv

In a parallel plate capacitor, since the charge sits on the surface of the plates, the
taller and wider the face of each plate, the more charge each plate will be able to
store. Recall that charge sits on the surface of a charged conductor. In a charged ca-
pacitor, the charge sits on only the inside face of each plate. Therefore, the thickness
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of the plates of a capacitor will not increase their ability to store charge. Recall also
that voltage is defined by distance (V = Ed}. Thus, the farther the plates are sepa-
rated, the greater the voltage, and the lower the capacitance. The physical makeup
of a parallel plate capacitor in terms of plate area {4) and separation distance () is
given by:
C=Kk2
d

A capacitor’s job is to store energy (generally for quick use in the future). The en-
ergy (L) stored in any shape capacitor is given by:

30 Q Q
20
i0

0] 10 20 30 40 50 60 —> —>
—10 e ! L

voltage (V')
;e / 2
v

. 2
u—";QV of U=2CV o U=2%

2 2 €

If you know any one of these equations, the others can be derived from 3 = CV.

charge (Q)

W\
]

)
A

In our Fuid clreuit, a capacitor -:\||||i|_| look like this:

x
F Y
oh

' tha Flaelied 3 | PR i LY, L . . Lok Eore ) - AT Al L ; 1
As the fuid comes to the fork at pipe B and C, some fluid would move in each di-

rection. As the fluid capacitor fills, the fluid flow throush pipe C would eventualhy
E i

come to a stop and all the fluid would move through pipe B. In order to maintain

the fluid ¢ apin 1toT al !Il'i:.'||1' . fluid flow thr wigh |"f:‘-|' A would have to have kineli

energy equal to the gravitational potential of the fluid capacitor. This results in the

equation v = 2zh . The tluid capaciter now slores energy for the circuit. 1F How



The dielectric constant, K, refers to the substance between the plates of a capaci-
tor. The substance between the plates must be an insulator, otherwise it would
conduct electrons from one plate to the other, not allowing any buildup of charge.
A dielectric acts to resist the creation of an electric field, and thus allow the capaci-
tor to store more charge (to have greater capacitance). Usually a dielectric contains
dipoles oriented in random directions. Recall that a dipole in an external electric
field has potential energy depending upon its orientation. When the electric field
begins to build up between the plates of a capacitor, the dipoles are rotated to point
in the direction of the electric field (from a physics not a chemistry sense). This ro-
tation requires energy in the form of work done on the dielectric. The work is
conserved in the field, thus the capacitor is able to store more energy. Another way
to look at it is from the standpoint that each dielectric creates its own electric field
that reduces the overall electric field within the capacitor. The more charge required
to build an electric field, the more energy stored within a capacitor. The dielectric
constant of a vacuum is defined to be unity (one). Air is very close to one, and all
other dielectric constants increase from there.

Orne other effect of a dielectric is to limit the value of the possible voltage across the
plates. At some maximum voltage, the dielectric will break down and conduct elec-
tricity. This value of a dielectric is called the dielectric strength. If dielectric strength
appears on the MCAT, it will be explained in a passage.

In order to analyze a circuit you must recognize the symbols for a battery, a
capacitor, and a resistor.

esistol capacilor

Lines connecting components should be considered completely non-resistive wires.

i T

Resistors in

Resistors in
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You also must be able to recognize when these components are in parallel and when
they are in series. This has nothing to do with their orientation in space; parallel
components are not always pointing in the same direction. Components lined up in
a row, like Irain cars, are in series. More precisely, any two components not sepa-
rated by a node are in series. Single components in alternate paths connecting the
same nodes are in parallel,

When resistors are in series, their total resistance (effective resistance, R is the
surn of their resistances.

-an: = K, + Rz + ... (Resistors in series)

When they are in parallel, their effective resistance can be arrived at through the fol-
lowing equation:

1 1
—_— = + — ... (Resistorsin parallel)

R, R, R

Capacitors are exactly opposite. In parallel their capacitance swms directly to give
an effective capacitance:

Cct: = C1 % C_._. + ... (Capacitors in parallel)
in series they follow the equation below:

1 1 1

= + -+ ... (Capacitors in series)

“eff

To solve any circuit on the MCAT, we must simplify it as shown below. We begin by
replacing components in parallel and series with their corresponding effective com-
porents. We continue this process until we have our simplified ciccuit; one of each
element. Next we use Ohm'’s law to find the missing quantity. For more complicated
circuits we would have to use Kirchoff's rules. The solutions to more complicated
circuits will not be required on the MCAT.

20 = ’ 20
." !\ A ,'. o
g 20 =20 - > 6V T =10
? | ; Equivalent Py }
‘ circuit )

Equivalent

. ’ circuit
Solution
for
Lt e .
6V T =30
Solutio — Simplified
olution :

i circuit
for
voltage 3 VT




7.4  Power

Electrical power is the same quality as mechanical power, just as electric energy is
the sare quality as mechanical energy. In other words, power is power regardless
of what source produced it. Power is often used on the MCAT to integrate electric-
ity and mechanics into the same question. For instance, you may be given the
voltage and current of a machine and be asked how quickly it can lift a mass to a
certain height. In such a problem you would set the electrical power equal to me-
chanical power. The equations for electric power are:

P=iV and P=i’R and P=V?*R

If you remember any one of these, the others can be derived from Ohm’s law by
plugging in for V, 1, or K.

As current goes through a resistor, heat is generated. The rate at which heat is gen-
erated is the power dissipated. The second and third equation shown are applicable
only to energy dissipated as heat by a resistor. This is unlikely to cause any confu-
sion on the MCAT.
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Questions 153 through 160 are NOT based on a
descriptive passage.

153. Whal is net force on the dipole inside the capacitor if the
plates are separated by 1 cm?

e
WV
2Q

16V ™+ 20
A. ON
B. 4N
C. 8N
D. [6N

154. Each resistor in the circuit below has a resistance of 2 Q.
The battery is a 12 volt battery. What is the current across
resistor B?

A

A, TA
B. 2A
C. 3A
D. 4A

155. Which of the following changes to a paraliel plate
capacitor would not increase its capacitance?

decreasing the distance between the plates
increasing the area of the plates
increasing the diclectric constant
increasing the voltage across the plates

POoRP
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156. The resistors in the circuits below each represent a light
bulb. If all three circuits use the same size battery, which
circuit will produce the most light?

POFEPR

] £

I 11

——M—
111
1 only
IT only
111 only

I, IT, and III will produce the same amount of Tight.

157, If all the resistors in the circuit pichired below have equal
resistances, and the current flowing into resistor A is 4
amps, what is the current flowing into resistor F?

Sowe

MM
ASER

VWA

F

2A
A

8A
16 A

158. What is the energy required to operate a 60 W light bulb
for 1 minute?

FoPr

1]
607J
36017
36007

GO ON TO THE NEXT PAGE.



159, The circuit shown below has three resistors connected in
parallel to a battery.

R,
Vo= =R =R ZR |z§“

‘When an additional resistor, R, is added to the circuit:

A.

B.

The voltage produced by the battery will be in-
creased.
The voltage produced by the battery will be de-
creased.
The current produced by the battery will be de-
creased.
The power produced by the batter will be increased.

Copyright @ 2007 Examkrackers, Inc.
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160. All of the following expressions are equal to an Ohm

EXCEPT:
A Vsec
C
c. 4
Vv
2
p. Y
w

STOP.
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7.5 AC Current

Up to now, we have considered only direct current {dc current), where the net
movement of electrons is in one direction around the circuit. Since movement of the
electrons creates power regardless of direction, electrons do not have to be driven
in one direction. Alternating current (ac current) is created by oscillating elec-
trons back and forth in simple harmonic motion. This is the current that is
commonly used in home outlets in the U.S. Since it is simple harmonic motion, the
voltage or the current can be described by a sine wave. Maximum current occurs
when the electrons are at maximum velocity. The important thing to know about ac
current on the MCAT is that the maximum voltage or current is given by:

The 'rms’ stands for root mean square. In other words, it is the square roof of the av-
erage (mean) of the squares. To find the ‘rms’ value of something, you square all the
terms, take the average, and then take the square root. The reason that rms values
are used for sine wave functions is that the average value of a sine wave is zero. The
electric company wants to charge you for the eleciricity that you have used. The av-
erage ac current is zero. Since the current is only at a maximum periodically, they
can’t charge you for the maximum either. Thus they charge you for the rms value.

It doesn't hurt to know that the 'rms’ voltage in the U.S. is typically 120 volts. This
corresponds to a 170 volt maximum.

7.6  Magnetism

Magnetic fields have many similarities to electric fields. Magnetic field strength is
measured in units of tesla, . Like the positive and the negative of electricity, a
magnetic field comes with north and scuth poles, where like poles repel and op-
posite poles attract. Unlike electric charges, magnetic poles have never been
found to exist separatety; one pole always accompanies the other. Similar to the
electric field, the magnetic field can be represented by lines of force. The lines of
force in a magnetic field point from the north pele to the south pole. Interestingly,
the Earth’s magnetic field points from the geographic South Pole to the geographic
North Pole. Thus, what is called the magnetic north pole is really the south pole of
the Farth’s magnetic dipole. (The actual magnetic poles are also 11.5% away from the
geographic poles and canstantly shifting very slowly.)

A magnet The Earth

A changing electric field creates a magnetic field. A stationary charge does
not create a magnetic field; a moving charge does. Current is moving charge,
Thus, current creates a magnetic field. The magnetic field B created at a displacernent
¥ by a current i moving through a small section of wire with length L is given by:
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w, iLsin®

B=
ir ¥

where |, is a constant, called the permeability constant, and 8 is the angle between
the direction of the current and the displacement v. This equation (a form of the
Biot-Savart Law) should not be memorized for the MCAT. It should be noted, how-
ever, that, like electric fields, magnetic field strength follows the inverse square law.

It we apply the Biot-Savart Law to a very long, straight wire the equation becomes:

o Mol
2mr

Naotice that for a very long straight wire the magnetic field varies inversely with the
displacement and not by its square. In other words, the magnetic field in this case
varies with r, not #.

The direction of the magnetic field due fo a current carrying wire is predicted by
right hand rule. I, using the right hand, we place our thumb in the direction of the
current and grab the wire, the direction in which our fingers wrap around the wire
is the direction of the magnetic field.

A charge moving through a magnetic field experiences a force. The force (F) on a
charge (g) meving with velocity (v) through a magnetic field (B} is:

F = guBsinB

where 8 is the angle between the magnetic field and the velocity of the charge. You
must know that the force is directed perpendicularly to both the velocity and
the magnetic field. This leaves only two possible directions for the force. Right
hand rule also predicts which of these two directions is correct. The MCAT is un-
likely to ask you to use the right hand rule, but it will require that you understand
that the force is perpendicular to both the velocity and the magnetic field. To find
the force with right hand rule, using your right hand, again point yowr thumb in the
direction of the moving positive charge, and point your fingers in the direction of
the magnetic field. Your palm will point in the direction of the force. For a negative
charge moving in the same direction, the direc-

tion of the force is reversed. In the example to

the right, a positive charge moves to the left

through a magnetic field pointing downward. e == — =
Right hand rule predicts that the force will be di- . N ‘
rected out of the page. 1

Since this force is always perpendicular to the

velocity, it does no work (W = Fdcos8). It gt
changes the direction, but never the magnitude

of the velocity. Thus, this force always acts as S 7
centripetal force and can be set equal to me’ /7 to ‘
find the radius of curvature of the path of the
particle.
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The force on a current carrying wire placed in a magnetic field is: F = /LBsin®, where
L is the length of the wire within the field and 6 is the angle between the wire and
the magnetic field. The direction of the force can be found using the right hand rule,
and will be perpendicular to both the wire and the magnetic field.

A changing magnetic field creates an electric field, However, unlike the elec-
tric field created by a stationary charge, this field is non-conservative. The
mechanical energy creating the electric field is not conserved, but is dissipated as
heat in the charged object. Thus, electric potential has no meaning for electric fields
induced by changing magnetic fields.

Imagine a loop of wire pulled out of a magnetic field. As the magnetic field around
the wire changes, an electric field is created and a current develops in the wire. The
current created in the wire as it moves out of the external magnetic field creates its
own magnetic field. A force is required to remove the loop at a constant velocity.
The work done by this force is not conserved, but, instead, creates thermal energy
in the loop.

"]
Al

This effect is simply stated in Faraday's lnw of induction, which says that a changing
magnetic fliux (ADy/At) induces an emf (E}. The magnetic flux is the number of mag-
netic field lines running through the loop shown above. Since the number of these
lines changes as the loop is removed from the magnetic field, an electric field and a
current are produced inside the wire. By the way, the electric field is induced even
if the loop is not there.

-

-E..- S e,
Z
w

RS
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Lenz's law states that the induced current will create a magnetic field opposing the
inducing magnetic field. Imagine a magnet moved toward a loop of wire. The mag-
netic flux through the loop changes, inducing a current in the wire. The current in
the wire creates a magnetic field that opposes the magnetic field created by the
magnet. The energy used to move the magnet becomes thermal energy in the ring.

Since an induced electric field is not dependent upon the presence of a loop, small
eddies of current result when a conductor is moved through a magnetic field.
Imagine a pendutum made from a conducting material swinging into and out of a
magnetic field. Current eddies develop in the pendulum due to its electrons swing-
ing through the magnetic field. The resistivity of the pendulum absorbs energy as
internal energy (heat energy on the MCAT), thus changing the kinetic energy of the
pendulum into internal energy. The swinging pendulum will stop swinging more
quickly due to the magnetic field.

\

{ yrigght i 2007 Ex ackers, nc.
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/.7 Equation Summary

e . — —
Electric fields due to a point charg Constant electric fields
F:;;%i’ u:kﬂlri‘ F=Eq U=gqEd
V=Ed U=Vg
E=k% v=kl
Resistors
Bat MR ginvsny
V=iR 1 1 1 P=I',‘R
R BT R e Mepn P_l_*"f
=R

+ .. (Capesituoiin series)

{Capacitors in paralbel]
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Questions 161 through 168 are NOT based on a
descriptive passage.

161. If the AC current delivered to a home by the electric
company is delivered at 120 V_, what is the maximum
voltage across an outlet?

ms?

A, 86V

B. 120V
C. 170V
D. 220V

162. The north pole of the earth’s magnetic field is at the
geographic south pole. A compass is a small magnet
whose north pole end is drawn in the approximate
direction of:

A. the geographic south pole along the lines of the
~ magnetic field.

B. the geographic north pole along the lines of the
magnetic field.

C. the geographic south pole against the lines of the
magnetic field.

D. the geographic north pole against the lines of the
magnetic field.

163. A charged pariicle moves horizontally through a
magnetic field which points directly upward. The force on
the particle due to the magnetic field is:

A. perpendicular to the magnetic field and parallel to
the velocity of the particle.

B. parallel to the magnetic field and perpendicular to
the velocity of the particle.

C. parallel to the magnetic field and paraliel to the ve-
locity of the particle.

D. perpendicular to the magnetic field and perpendicu-
lar to the velocity of the particle.

Copyright © 2007 Examkrackers, inc.

164.

165.

166.

The magnetic field created by a long straight current
carrying wire:

A. decreases in strength proportionally with the dis-
tance from the wire.

B. decreases in strength with the square of the distance
from the wire.

C. increases in strength proportionally with the dis-
tance from the wire.

D. increases in strength with the square of the distance
from the wire.

A charged oil drop is allowed to fall through the electric
field created by the plates as shown. In order to give the
oil drop a straight trajectory, a magnetic field should be
established with field lines pointing:

charged particle

.

left to right.
right to left.
out of the page.
into the page.

FOREP

A positively charged particle is moving through a
magnetic field of strength B as shown below.

>
v

« {3

o
>

.
>

.
>

The force experience by the particle due to the magnetic
field is:

to the right.
to the left.
into the page.
equal to zero.

SORP

GO ON TO THE NEXT PAGE.



167, A stationary loop of wire is placed in a magnetic field
direcied into the page as shown below.

X X x X X X

X X X x X X

X X X x X x

ped X X X X X
B

X X X X X X

The current in the loop of wire 1s:

A,

B.

clockwise if the magnitude of the magnetic field is
decreasing.

clockwise if the magnitude of the magnetic field is
increasing.

clockwise if the magnitude of the magnetic field is
increasing or decreasing.

No current will flow through the loop if the mag-
netic field is increasing or decreasing.

Copyright © 2007 Txamkrackers, Inc.
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168. A particle of mass m is fired into a magnetic field of
strength B at a speed v. The particle travels in a circular
path inside the field with a radius r. Which of the
following expressions gives the magnitude of the charge
on the particle?

A B
mr
B ™
Br
c. &
v B
p. ™
Br

STOP



Light and Op;t:i_és

8.1 Light

In Lecture 7 we learned that a changing electric field creates a magnetic field and vice
versa. An eleciromagnefic wave is the traveling oscillation of an electric and a mag-
netic field. The fields are perpendicular to each other and the direction of propagation
is perpendicular to both fields. An electromagnetic wave is a transverse wave.

Elech‘omagnetic Wave

The speed (c) at which an electromagnetic wave propagates through free space is
constant and is always equal to the ratio of the magnitudes of the electric field and
the magnetic field:

E
c=—
B

Although the electric field is much larger when compared in 51 units, the energies
of the two fields are exactly equal. The above equation is useless for the MCAT. 1t is
given here to remind you of the nature of electromagnetic radiation.

It is intcresting to note that all electromagnetic waves are generated by the acceler-
ation of electric charge. If a charge oscillates with frequency f, it radiates energy in
the form of electromagnetic radiation at the same frequency. The rate and the di-
rection in which an electromagnetic wave is transporting energy per unit area is
described by a vector 5, called the Poynting vector. The Poynting vector is always
perpendicular to both E and B, and has a magnitude of EBsin®.

Electromagnetic radiation exists in all wavelengths. Light is a tiny sliver from the
electromagnetic spectrum. For the MCAT you should memorize that visible light in-
cludes all wavelengths from 390 <5 10 m to 700 <5 10” m. You should also know that
the shorter wavelengths correspond to violet light and the longer wavelengths to red
light. Just beyond the visible spectrum is ultraviolet (beyond violet) light on the
smaller wavelength side, and infrared (beyond red) on the longer wavelength side.



ented e Notice that each wavelength has a corresponding frequency. This is because the
L. Bivie  speed of light in a vacuum is constant, which means that we can derive frequency f
i the order of the eolors in from wavelength A. From our wave equation, v = fA, we have:

he visible spectrum {Red, Orange

c=raL
: Light is slower when propagating through a medium. The speed of light propagat-
GLEAL awe o snefey DECAUSE yne through some medium is found using a constant for that medium, called the
' LIS S0 TINER BREEY TEE - jndex of refraction (#2). The index of refraction compares the speed ¢ of light in a
vacuum to the speed v of light in a particular medium.

Wavelength (m)
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Since nothing exceeds the speed of light in a vacuum, all media have a refractive
index greater than one. The greater the index of refraction for a medium, the slower
light moves through that particular medium. Typically used on the MCAT are the
indices of refraction for water and glass: 1.3 and 1.5 respectively. It helps to be fa-
miliar with these.

Light is made up of photons. Each photon represents an elec-
tromagnetic wave. If we examine only the electric fields of
e i these electromagnetic waves, in typical visible light emanat-
Waell Dac ing from a point source (called isotropic light), the fields are
netimes 1 feel like a particle oriented in random directions. If we use a device to screen
I sovmetimes 1 don’t. out all photons not having an electric field in one particular
direction, the resulting light with all electric fields oriented
in the same direction is called plane-polarized light. When
isotropic light is polarized, it loses one half of its intensity,
since it loses from its electric field all components in one di-
rection and keeps all components perpendicular o that
direction.

Light has a dual nature. It acts like both a wave and a par-
ticle. The propagation properties of light can be described
with wave theory, while the energy transformation proper-
ties of light are usually best described by particle theory.
Neither wave nor particle theory alone explains the phe-
nomenon of light.
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We can approximate light as a ray moving in a straight line, and represent it as an
arrow. This is called geenmetricad optics.

Like any other wave, when light meets an interface between two media, some of its
energy reflects and some may also refract. The angles made by a light rav when it
reflects or refracts are measured from a line normal to the interface. The angle at
which the light ray strikes the interface is called the angle of incidence. The angle
at which it reflects is called the angle of reflection. The angle at which it refracts
is called the angle of refraction. The angle of incidence is equal to the angle of re-
flection. You can remember this because the collision of photons against the
interface is completely elastic; the photons lose no kinetic energy.

0,4 =6 ety

The angle of refraction is given by Snell’s law:

n,sinB, = n,sind,

air =1

where the subscripts 1 and 2 specify the respective interfacing media. Notice that in e path thi |
Snell s law, the angle of incidence and refraction are not specified; it makes no dif- 15 i
ference if hght is moving from medium 1 to medium 2 or from medium 2 to

medium 1. hel
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simple way tr

air 1 =1

glass \_/\ n=1.5

When light crosses into a new medium, the frequency remains the same and
the wavelength changes. If the medium’s index of refraction is higher, the wave-
lengths become shorter; if the index is lower, then the wavelengths become longer.

The energy of a single photon is given by:
E = hf

where # is Planck’s constant {discussed in Chemistry Lecture 6). This equation shows
that higher frequencies, such as violet and blue light, have more energy than lower
frequencies. (Waming: Do not be mislead by this equation: This equation gives the
energy per photon. It turns out that if we double the frequency, we also double the
number of photons increasing the intensity by a factor of four as expected.)

(E is energy not electric field.)

When light is coming from a medium with a higher index of refraction, the angle of
incidence can be so great as to cause total internal reflection. In other words, if
the angle of incidence is large enough, the entire amount of photons will be re-
flected at the angle of reflection, and none will refract. This angle is called the
critical angle. The critical angle is derived from Snell’s law by recognizing that the
angle of refraction is 90° and that sin90° = 1:

1

. 2
ecrw‘tiral =smn

s

air : n=1

0

crit,

81355 n=1.5

The concept of the critical angle is used in fiber optics, where a beam of light is
trapped inside a glass tube and signals are sent using the energy of the beam.
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All types of waves refract. The index of refraction for any substance varies slightly
with frequency. Longer wavelengths (lower frequencies) move faster through a
medium than shorter wavelengths (higher frequencies), and therefore bend less
dramatically at the media interface. As a result, white light, which is made up of all
the frequencies in the visible spectrum, is split by a prism in a phenomenon known
as chromatic dispersion.

Diffraction is another type of wave-bending phenomenon. All types of waves dif-
fract. When a wave moves through a small opening, it bends around the corners of
the opening. This is called diffraction. Significant diffraction occurs only when the
size of the opening is on the order of the wavelength or smaller. The smaller the
opening and the larger the wavelength, the greater the bending of the wave.
Diffraction is a limiting factor for geometrical optics. If we attempt to create a ray of
light by blocking out all the light from a single source except for a small hole, the
light coming through the single hole experiences diffraction and spreads out, frus-
trating our efforfs to create the ray. The smaller we make the hole, the greater the
spreading of the light.

Ditfraction of light can result in an image of light and dark bands or in dispersion
and the creation of colors. Both phenomena depend upon destructive and con-
structive interference when waves with altered paths meet as shown below.

Waves diffract as they move through the openings.
When the diffracted waves meet
interference forms bright and dark bands.
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Questions 169 through 176 are NOT based on a
descriptive passage.

169. A ray of light strikes a flat window as shown. Which ray
most closely approximates the path of light as it exits the

window?
Light
souice
Window
A. A
B. B
C. C

D.  Some tight will follow all three paths.

170. Compared to humans, bees perceive a slightly higher
frequency of electromagnetic waves. Based on only this
information, to which of the following flower colors is a
bee more likely to be attracted?

A. green
B. red

C. yellow
D. blue

171. The Coma Cluster is a galaxy approximately 2.7 <> 10
km away from earth. How many years does it take for
light from the Coma Cluster to reach earth? (Note: light
travels at approximately 3 & 10° m/s)

27x10° 1 1 1.1 1 1008

A T X070 %60 X80 <24 X 3657 )
g 2nxl0°, L1t L 1000
) 1 IXIOT60 2473657 1
2710° 3x10° 1 1 1 1 1000
C. ] ><—l X60x60X24X365x 1
1 3x10° 60 60 24 365 1000
D 57q0e T <1 X1 KT X 4

172. All of the following are indicative of the wave nature and
not the particle nature of light EXCEPT:

A. diffraction
B. interference
C. dispersion
D. reflection

Copyright € 2007 Examkrackers, inc.
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173.

174.

175.

176.

A piece of glass shaped as shown, with a refractive index
of 1.5 allows light to pass through it strking point B. In
order to make the light strike point A, the piece of glass
should be:

light source

( lens

A B

Note: diagram not drawn to scale

raised.

lowered.

made thicker from top to bottom.
made thinner from top to bottorm.

=o'

If a light on a dimmer switch is gradually turned down, it
will generally show a red glow at the moment before it is
turned off. This is because red light:

A. moves more slowly through air than light of any
other color.

B. moves more quickly through air than light of any
other color.

. has more energy than light of any other color.

D. has less energy than light of any other color.

The index of refraction of glass is 1.5. How long does it
take for light 1o pass through a plate of glass that is 1 cm
thick?

A. 5 107 sec
B. 510" sec
C. 24> 10%sec
D. 2 107" sec

All of the following are examples of wave diffraction
EXCEPT:

A light wave bends when passing from air to water.
Mausic is audible around u comer from the source.
The shadow cast by statue is blurred at the edges.
Ripples in water become semicircular after passing
through a small space.

FOowy

STOP.



8.2 Images

Mirrors reflect light; lenses refract light. In both cases light rays are bent. The mind
may use reason and visual cues such as size and parallax to compensate, but the eye
by itself cannot detect whether or not light rays have been bent. Without other vi-
sual cues, the mind assumes that light travels in a straight line. As a result, the mind
traces straight back along the path of the light rays entering the eye and perceives
an image. To the person in the diagram below, the fish appears to be where the
image is formed because the person’s eyes cannot detect the bending of the light.

Image

An image may or may not exist. A virtwal image does not actually exist outside the
mind of the cbserver; no light rays emanate from a virtual image. If a sheet of white
paper is placed at the position of a virtual image, no image will appear o the paper.
A real image exists separately from the observer. Rays of light actually intersect
and then emanate from the point of intersection to form a real image. If a sheet of
white paper is placed at the positicn of a real image, the image will appear on the
paper.

Your reflection in a flat mirror is an example of a virtual image. Your reflection ap-
pears to be behind the mirror, but if you go behind the mirror and look for it, you
won't find it. On a warm day, light from the sky enters the hot air just above the
pavement, refracts, and shines into a driver’s eyes, forming an image that may ap-
pear like water. This image is called a mirage. If you went to the pavement at the
position of the mirage, you would not find the image of the sky. The mirage is a vir-
tual image. The image of the fish in the diagram above is also a virtual image.
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8.3 Mirrors and Lenses

There are two types of mirrors: convex and comrcave. There are also two types of
lenses: diverging (concave) and converging (convex). You should recognize both
names for each lens type, but think of them as diverging and converging because a
diverging lens acts like a convex mirror and a converging lens acts like a concave
mirror.

o 4,

observer observer
Converging Diverging
Concave Convex
p ] s (convex) (concave)
mirror mirror
lens lens
enerally th Imalkc 1l ST g [l | 10l [
off the i 121011, When ki I s or
_'=E'|'\-”|.'.'- =1 || ||;' I
Here's a little trick to help identify a converging lens. Just temember the three C's:
A thick center converges ligh
el
I the Ivker O lens hicker than its ends, i IVE (= rdli e
| | I I |:ll L | I Wi : 1 I L 3 15 | i t ]
1 [ i 1
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A small enough section of any curve can be extended to form a perfect circle. The
radius of curvature for that small section of the curve is the radius of the extended
circle. The diagram below shows the radii of curvature for two sections of a curved
line. Notice that a smaller radius of curvature indicates a sharper curve. The
straighter the line, the larger the radius of curvature. A straight line has an infinitely
large radius of curvature.

1 Radius of curvature
\ for this curve is r,

! Radius of curvature
for this curve is r,

Although the mirrors in this lecture are called spherical mirrors, only a paraboli-
cally curved surface will focus all parallel lines to a single focal point. In other words,
the equations for the rest of the chapter are only approximations for spherical mir-
rors, and they require that the rays of light are at small angles. For the same reasons,
spherical lenses produce flawed images in a phenomenon called spherical aberration.
This can lead to confusion if you are drawing ray-diagrams to find an image.

Light from horizontal rays is reflected by concave mirrors {or refracted by converg-
ing lenses) to focus on a single point called the focal peint. For convex mirrors and
diverging lenses, horizontal rays of light are reflected and refracted outward from
a single point called the focal peint. The focal point of convex mirrors and diverg-
ing lenses is found by tracing back along the reflected or refracted-rays.

4

A

- «'\' K7 J |

The focal point for any mirror or lens is separated from the mirror or lens by the
focal length. The focal length (f,,..) for a mirror is related to the radius of
curvature {r) as follows:

mirror

.-'r;r.l'-rll'l = .ljrrzr
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The focal length for a lens is affected by the refractive index of the lens (7,) and the
refractive index of the substance surrounding the lens (r,). (Usually the substance
surrounding the lens is air, 1 = 1.) The focal length of a lens (f,.,,) is given by the lens
maker’s equatiown:

EI'IS)

-

&
. g object
e
observer s

L(ﬂ_l][i_ij
ﬁens ”2 P’] rz
{n the example above, r, is negative. Notice that this equation indicates that a lens

immersed in a fluid with an equal index of refraction will not bend light. In other
words, when 7, = 1, a lens will not refract light.

You sheould be aware that since the index of refraction varies for different frequen-
cies, the focal point of a lens also varies with frequency resulting in chromatic
aberration. This is an entirely separate phenomenon from spherical aberration men-
tioned earlier in this lecture.

Alens has something called power. This power is not the same as the power in me-
chanics. The power of a lens is measured in diopters, which has equivalent units of
mt. The power of a lens is simply the inverse of the focal length.

~
|

""1‘x|i""'"

The rest of the equations in this lecture apply equally to both mirrors and lenses.

Ray-dingrams are a useful tool in understanding mirrors and lenses. They help locate
the position of an image. However, they are not useful on the MCAT since they are
time consuming and inaccurate. Later, Salty will offer a preferable alternative to
ray-diagrams for solving optics problems on the MCAT, but for now, you should
learn to draw them. When drawing a ray diagram for a mirror or lens, imagine the
object emitting three photons from a single point. In the example below, this point
is the tip of the candle flame. Each photon takes a different path. Por simplicity,
lenses will be considered infinitely thin, so refraction occurs at the center of the lens.
The first photon (19) moves parallel to the ground, strikes the mirror or lens and re-
flects or refracts so that its path can be traced back through the focal point. By
definition, all rays of light parallel to the ground will reflect or refract through the
focal point or so that their paths can be traced back through the focal point. The sec-
ond photor {2°) moves through, directly away from, or directly toward, a focal
point and reflects or refracts parallel to the ground. The third photon (3°) strikes the

C bt & 2007 wmierackers, lic.



mirror or lens at the exact middle and reflects back and at an angle equal to the
angle of incidence, or, in the case of a lens, moves straight through without being
affected. (This is possible because the lens is considered (o be infinitely thin and
both sides of the lens are parallel at the middle). We follow the paths of the photons
until they meet. Where the photons meet is where the image of the tip of the candle
is formed. If the photons diverge, we trace their paths backwards from the mirror
or lens to where they would meet.

Q

Convex mirror Concave mirror

Diverging lens Converging lens

Ray-diagrams

Since light always travels the path that takes the least amount of time, aithough all
our intersecting photons in the ray diagram travel different distances, all rays take
the same amount of time for their trip. This can be explained as follows: Because
light travels more slowly while in the lens, the ray that travels the farthest, travels
the shortest distance through the lens. (In very strange cases where the lens has a
lower index of refraction, the opposite is true.)

A mirror or a lens may magnify an image. The lateral magnification m is the ratio
of the size of the image to the size of the object. For simplicity, we can compare only
the height of the image /1, with the height of the object . The magnification is also
equal to the negative of the ratio of the distance of the image 4. and distance of the
object d, from the mirror or lens. The negative sign indicates that, if both distances
are positive, the image is inverted.

Copyright £ 2007 Exambrackers, Inc.
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Another way to measure magnification is angular magnification. The closest an
object can be to an individual while that individual can still focus clearly on the ob-
ject is called that individual’s near point. The angle occupied by the object 8, ) when
at the near point, compared to the angle occupied by an image ¢, of the object when
in front of a lens is called the angular magnification m1,

0 ~ e

'f'n‘” = 494 s '[ i | “np 2
e ‘*-! Object Object
in front at
of lens near point

Do not confuse angular magnification with lateral magnification. Note that in the diagram
above, the lines are drawn to illustrate the angles, not the path of light as in g Ray-diagram.

For any mirror or lens, distance of the image is related to the focal length and the
distance of the object by the following equation:

1 1

1
f 4 4

This equation is called the thin lens equation; however, it applies to mirrors as
well. It is called the thin lens equation because it assumes that the lens is so thin that
the light bends only once when passing through the lens {instead of at both
interfaces).

Objects, images, focal points, and radii of curvature are all given positive or nega-
tive values based upon their position relative to the mirror or lens. The difficult
aspect of optics problems is identifying when a variable is positive or negative. The
next section is devoted to a system for solving optics problems.

Copyright © 2007 Examliackars, Inc.



181. Which of the following is not a possible path for a light

Questions 177 through 184 are NOT based on a ray through a glass lens?

descriptive passage.

177, The focal distance on a mirror cut from a glass sphere
with a radius of 10 cm is:

A, 25cm
B. 5cm

A. C
C. 10cm B. D.
D. 20cm : /
178. When an object is 10 cm from a certain converging lens, /i
the image is magnified by a factor of 1.5. What is the

distance of the image?

A. 33cm

B. 6.6cm 182. The image seen in a flat bathroom mirror is a:

C. 10cm real image that appears behind the mirror.
D. 15cm real image that appear in front of the mirror.

virtual image that appears behind the mirror.
virtual image that appears in front of the mirror.

TORP

179. A glass magnifying-lens is submerged in water to view an
underwater object. Compared to viewing the object with .
the magnifying-lens out of water, this will: 183. An increase in which of the following lens properties will

A. increase the magnification. increase the power of 4 lens?
B. decrease the magnification. I. Index of refraction
C. not change the magnification. II. Focal length
D. The magnitying glass will not work at all under ITI. Radius of curvature on one side of the lens.
water, A. Tonly
B. TandIlonly
180. Which of the following statements is {are) true? C. 1II and III only
I. Virmal images can be projected onto a screen. D. L1 and III
II. Real images can never be seen.
ITl. Real images can only be created by converging 184. A concave mirror has a focal length of 4 cm. What is its
lenses and concave mirrors in a single lens or single radius of curvature?
MIITOr system.
A, 2cm
A. 1l only B. 4cm
B. IandIl only C. 8cm
C. TandII only D, 16cm
D. L II,and INT
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8.4 A System for Mirrors and Lenses

Mirrors and lenses may seem tricky, but, luckily, F have a system. The tough part of
mirrors and lenses is deciding what's negative and what's positive. After that, it's
just plug and chug with only three equations to memorize. My system with only
three rules and onc exception, finds the positives and negatives.

i. Begin by drawing your mirror or lens and an eve on the side on which the
observer will stand. L will draw all four possibilities on the next page. Now
comes the first of three rules: “1 (Eye) am positive that real is inverted.”
You must memorize this sentence. On the side which the eye is drawn,
write ‘positive, real, inverted’. Images and focal points on this side will al-
ways be positive, real, and inverted. Images and focal points on the other
side will be always be negative, virtual, and upright. No exceptions.

2. Of course, everyvone knows that you must stand in front of a mirror to sce
anything, so the front is the side that 1 (eye) am on. Lenses are just the op-
posite, but vou can also remember that a camera is a lens, and | (eve) stand
behind a camera to view an object. Label the front and back of yvour mirror
or lens. Now comes the second rule: Objects are always positive when
they are in front of a lens or a mirror and always negative when they are
behind a lens or a mirrer. For single lens systems or single mirror systems,
the object must be placed in front, so the object must be positive.

3. Rule number three states: As tong as the object is in front, convex mirrors
and diverging lenses make negative, virtual, upright images. As long as
the object is in front, concave mirrors and converging lenses make posi-
tive, real, inverted images EXCEPT when the object is within the focal
distance, in which case they make negative, virtual, upright images.

In the case of a double lens or mirror system, simply find the image for the first lens
or mirror, and use that image as the object of the second lens or mirror. Caveat: For
a two lens or two mirror system, you must be careful with rule number 3 because
the image of the first lens or mirror may be behind the second lens or mirror, This
results in a negative object distance for the second lens or mirrorn

Now we can label f, d,, and d, positive or negative depending upon which side they
are on. For a convex mirror and a diverging lens, f is abways negative. For a concave
mirror and a converging lens, f is always positive. Memorize the three formulas on
the bottom of the next page. Any other formula for optics will be provided on the
MCAT, including the lens maker’s equation.

That's it. L have drawn one image for each mirror or lens to show you how the light

rays are traced. However, if you are tracing light rays on the MCAT, vou are wast-
ing your time.
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An image on this side is - Animage on this side is
i | -
real virtual
inverted upright

*A concave mirror
makes a positive,

real inverted image.

A convex mirror always
makes a negative,
eye

virtual upright image.

lenses
@ *A converging lens
t;ye makes a positive,
real inverted image.
BACK

A diverging lens always
makes a negative,

virtual upright image.

*1f the object moves within the focal distance (the yellow area on this chart),

a concave mirror and a converging lens will make a negative, virtual upright image.

Copyright @ 2007 Examkrackars, Inc.
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8.5 Two-lens Systems

Handle a two lens system one lens at a time. Use the image of the first mirror or lens
as the object of the second mirror or lens. Sometimes the image from the first mir-
ror or lens is formed behind the second mirror or lens. The object distance for the
second mirror or lens is negative in this case. In a single lens system, an object can-
not be behind a mirrer or lens, nor can it have a negative distance.

The lateral magnification of a two lens system is the product of the lateral magnifi-
cation of each lens:

'Illlfl = l:.:.l ”.‘:

Two lenses in contact with each other have an effective power equal to the sum of
their individual powers:

8.6 Using the Diagrams on the Facing Page

Microscopes and telescopes can be built from two lens systems as well as from mir-
rors. The MCAT will give all necessary formulae concerning these apparatus.

The diagrams on the facing page are meant to increase your familiarity with lenses
and mirrors. Understanding them is not a requirement in order to do well on the
MCAT. The solid line in each diagram represents the magnification when the object
is placed at a given distance. The dotted line represents the magnification when the
image is formed at a given distance. Since the magnification for the image and ob-
ject must match, you can find the corresponding positions of an image and an object
as follows: draw a horizontal line anywhere on the graph and the object will be
where your horizontal line crosses the solid line, while the image will be where
your horizontal line crosses the dofted line. The magnification is the y-value of your
horizontal line. The bottom diagram gives two examples.

Notice that a positive magnification indicates a virtual, upright image and a nega-
Hve magnification indicates a real, inverted image. Notice that the diverging lens
and convex mirror only produce smaller images for all object positions in front of
the mirror or lens. In other words, in a single lens or single mirror system, a di-
verging lens and a convex mirror can only produce images smaller than the object.
Notice that for all mirrors and lenses, the magnification of the image is directly pro-
portional to the image distance from the focal point. For any lens or mirror, if the
image is two focal lengths from the focal point, the image is magnified by two; if it
is three focal lengths away, it is magnilied by three; if it is half of a focal length away,
it is magnified by one half {or reduced); and so on. Notice that converging lenses
and concave mirrors produce smaller images while the object is outside 2 focal
lengths, but larger images when the object is within 2 focal lengths.
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8.7 Equation Summary

Electromagnetic radiation
c=fa n=%
E=hf n,sinf), = n,sinf,

Mirrors and lenses

fnﬂﬂm‘z%r ,_fl=%n+ él,
_1 __4d _h
HE ¥ W=,
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Questions 185 through 192 are NOT based on a
descriptive passage.

185. An object stands 4 cm in front of a converging lens. If the
lens has a focal distance of | cm, where is the image

formed?

A. 0.75 ¢m in front of the lens
B. 0.75 ¢cm behind the lens

C. 1 cm behind the lens

D. 1.33 cm behind of the lens

186. An inverted image is created 5 m in front of a mirror.
Which of the following could be true about the mirror and
the object?

A. The mirror is convex with less than a 5 m focal dis-
tance.

B. The mirror is concave with less than a 5 m focal dis-
tance.

C. The mirror is convex with more than a 5 m focal
distance.

D. The mirror is concave with more than a 5 m focal
distance.

187. A 1 cm candle stands 4 cm in front of a concave mirror
with a 2 ecm focal distance. The image is:

A. inverted and 1 cm tall.
B. inverted and 2 cm tall.
C. upright and 1 cm tall.
D. upright and 2 cm tall.

188. The focal distance of a lens is =3 m. The lens is a:

A. 173 diopter converging lens.
B. -1/3 diopter converging lens.
C. 1/3 diopter diverging lens.

D.  —1/3 diopter diverging lens.

189. A lens 1s manufactured in such a way as to allow the
object and the image to be at the same distance from the
Iens. If the lens is not flat, the only way this could be true
is if the lens were:

A.  adiverging lens with the object at the focal distance.
B. a diverging lens with the object at twice the focal

distance.

C. a converging lens with the object at the focal dis-
tance.

D. a converging lens with the object at twice the focal
distance.

Copyright @ 2007 Examkrackers, Inc,
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190.

191.

192.

An object is placed at the focal point of a converging lens.
The image will appear:

A. on the surface of the lens.

B.  at the focal point.

C. atadistance of twice the focal length.

D. not at all.

Light from the moon passes through a converging lens on

the surface of the earth. If the lens has a focal length of 20
cm, at what distance from the lens will the image appear?

A. 10cm
B. 20cm
C. 40cm

D.  at infinity

The diagram below shows an object placed in front of an
unknown optical device and the image produced.

The optical device is a:

A. convex mirror.
B. concave mirror.
C. converging lens.
D. diverging lens.

STOP
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Passage | {Questions 1-6}

In 1939 Emanuel Zacchini, a circus entertainer, had himself
shot from a cannon over three [8 m tall Ferris wheels. He
reached a velocity of 27 m/s and sailed to a height of nearly 24
m landing safely in a net on the other side of the Ferris wheels.
The cannon muzzle and the net were 3 m above the ground.
Zacchini’s initial trajectory was at an angle of 53° above the
horizontal.

Zacchini had two concerns about his flight. First, he could
not be completely certain of the effects of air resistance and air
currents. Second, the force on him while inside the cannon was
so great that he would momentarily lose consciousness during
the stunt. The second problem he solved by training himself to
wake quickly.

Projectile motion near the surface of the earth can be ap-
proximated by the following three equations:

= i 2
x=x,+vi+at
v=v, +at

v =172+ 2a(x —x,)

where x is displacement, v is either the horizontal or vertical
velocity, ¢ is time in flight, and a is either O or equal to the grav-
itational constant g which can be approximated at 10 m/s”. The
subscript denotes initial values. These equations do not take
into account the effects of the medium through which the
projectile moves. (Note: sin 53° = 0.8, cos 53° = 0.6)

1. Using the above equations and adjusting the net for the
effects of air resistance, Zacchini should place the center
of the net at a displacement:

exactly equal to x.
exactly equal to x,.
greater than x.

less than x.

FowP

2. From the information in the passage, which of the fol-
lowing factors most likely plays the greatest role in
Zacchini’s loss of consciousness during the flight?

A.  vclocity

B. height

C. acceleration
D. momentum

Copyright © 2007 Examkrackers, Inc.
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3. Which of the following is true of a projectile in a vacuum
when it reaches its maximum height?

A,

B.

Both its kinetic and potential energies are at a max-
imum.

Both its kinetic and potential energies are at a min-
imum.

Its kinetic energy 1s at a maximum and its potential
energy is at a minimum.

Its potential energy is at a maximum and its kinetic
energy is at a minimum.

4, What is the vertical component of Zacchini’s velocity
when he exits the cannon?

Sowp

16.2 m/s
21.6 m/s
23.8 m/s
27.0m/fs

5. At which of the following points during the setunt is
Zacchini’s acceleration the greatest?

A,

B
C.
D

While he is still inside the muzzle of the cannon.
The moment he exits from the muzzle.

The moment before he lands in the net.
Acceleration is constant throughout the stunt.

6. Ignoring the effects of air resistance, Zacchini would have
flown farthest if his initial trajectory had been:

FayEe

30°
45°
53°
60°

GO ON TO THE NEXT PAGE.



Passage Il {Questions 7-13)

Two boys, Tom and Jim, are at the local pool playing a game.
They take turns dropping from the diving board and throwing
each other a ball. Sometimes the boy dropping from the board
throws the ball to the other who is waiting at the edge of the
pool. Sometimes the one at the edge of the pool throws the ball
to the one dropping from the board. They always drop straight
down from the end of the board, and never jump upward.

The diving board is 10 m above the surface of the water and
10 m from the edge of the pool as shown in Figure 1. Tom has
a mass of 60 kg and Jim has a mass of 50 kg. The ball has a
mass of 1 kg,

Tom is bigger than Jim and is able to throw the ball faster.
Tom throws the ball with an initial velocity of 10 m/s, whereas
Jim throws the balt with an initial velocity of 8 m/s.

Figure 1

As the boys play the game, they vary the distance that they
stand from the edge of the pool. (Note: the gravitational
constant g = 10 m/s*. Ignore air resistance unless otherwise
indicated.)

7. If Tom throws the ball at the instant Jim leaves the board,
in order to hit Jim, Tom should aim:

slightly below Jim.

directly at Jim.

slightly above Jim.

Where Tom should aim will depend upon how fast
Tom throws the ball.

el N

8. From the moment he leaves the board, approximately
how long will it take Tom to hit the water?

A, Is
B. 1l4s
C. 2s
D, 4s
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9.

10.

11.

12.

13.

Which of the following accurately describes Tom’s fall
from the board compared to Jim’s fall?

A. Tom’s velocity will change faster and Tom will hit
the water with greater velocity.

B. Tom’s velocity will change faster and Tom will hit
the water with less velocity.

C. JIim’s velocity will change faster and Jim will kit the
water with greater velocity.

D. Both Tom and Jim will hit the water with the same
velocity.

Tom throws the ball horizontally the moment he leaves
the board. If Jim lets the ball hit the ground, Tom will be
in the air:

1/5 as long as the ball.

the same amount of time as the ball.
5 times as long as the ball.

25 times as long as the ball.

FOoEp

If Tom throws the ball to Fun releasing it at the moment
Jim leaves the board, and Jim catches the ball at the
moment he hits the water, approximately what is the
maximum height achieved by the ball?

A, Om
B. 25m
C. 5m
D. 10m

If Tom throws the ball horizontally the moment he leaves
the board, approximately how far from the edge of the
pool must Jim stand in order to catch it?

A, 4m

B. 10m
C. 14m
D. 20m

It the boys use a 2 kg ball instead of the 1 kg ball, and
Tom wants the ball to follow the same projectile path,
Tom must throw the ball with an 1nitial velocity:

half as great as the 1 kg ball.

the same as the 1 kg ball.

twice as great as the [ kg ball.
four times as great as the | kg ball.

=Rel NS

GO ON TO THE NEXT PAGE.

"
£
@
x

11]
w
v

&

&

ic




Passage 1ll {Questions 14-19)

Students conduct an experiment to study projectile motion. A
projectile is launched from a spring-loaded gun. The gun
lannches the projectile from a hill and with the same speed each
time. The gun is aimed so that the initial velocity of the projec-
tile has an angle 6 from the horizontal. The angle 8 is increased
by 15° each time the projectile is launched, The horizontal
displacement d traveled by the projectile as well as the time ¢
spent in flight is measured and recorded. The resunlts are shown

in Table 1.
angle © | displacement d time t
0= 14.0m 14s
15° 164 m 17 s
30° 173 m 208
45° 16.2 m 23s
60° 12.6m 255
75° 6.9 m 27s

Table 1 Horizontal displacement and time of flight for a

14.

15.

16.

projectile shot from a spring-loaded gun

Approximately how high above the ground is the spring-
loaded gun held when it releases the projectile?

A. Im
B. 5m
C. 10m
D. 14m

Which of the following statements is true concerning the
projectile in the experiment?

A. The longer the projectile remained in the air, the
greater was its horizontal displacement.

B. The higher the projectile went, the greater was its
horizontal displacement.

C. The speed of the projectile was greatest just after it
left the spring-loaded gumn.

D. The speed of the projectile was greatest just before
hitting the ground.

Each time the projectile is launched, it leaves the spring-
loaded gun with an initial speed of:

A. 1mfs
B. 5Sm/s
C. 10mfs
D. 20 m/s

Copyright @ 2007 Examkrackers, inc.
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17.

18.

19,

The projectile would reach its maximum height when
fired from which of the following angles?

A, 30°
B. 45°
C. o0°
D, 90°

Which of the following graphs most accurately represents
the relationship between the horizontal displacement of
the projectile and the angle 67

A, C.
d d
0 5 90 0 0 90
B. D
d d
0 o 90 0 0 90

Which of the following statements is true concerning the
flights of the projectile in the experiment?

A. At its maximum height, the speed of the projectile
was zero for every flight.

B. All projectiles reached maximum acceleration just
before hitting the ground.

C. The speed of the projectile changed at a constant
rate throughount the experiment,

D. The distance traveled through the air by the projec-
tile was smallest when launched at 0° from the hor-
izontal.

GO ON TO THE NEXT PAGE.



Questions 20 through 23 are NOT based on a
descriptive passage.

20. A man takes two strides each second. The same man
walks at a rate of | m/s. How long are his sirides?

A, Yam
B. '2m
C. 1Im
D. 2Zm

21. The moon has no atmosphere, and has less gravity than
earth. How will the path of a golf ball struck on the earth
differ from one struck on the moon?

A. Both the earth’s atmosphere and gravity will act to
lengthen the projectile path of the ball.

B. Both the earth’s atmosphere and gravity will act to
shorten the projectile path of the ball.

C. The earth’s atmosphere will act to shorten the path
of the ball but its gravity will act to lengthen the
path.

D.  The earth’s atrnosphere will act to lengthen the path
of the ball but its gravity will act to shorten the path.

Copyright ©@ 2007 Examkrackers, Inc.
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22,

23.

All of the following will affect the time of flight for a pro-
jectile experiencing no air resistance EXCEPT:

I. the mass of the projectile

II. the initial horizontal velocity of the projectile
III. the initial vertical velocity of the projectile
A. Tonly
B. Il only

“C.  Tand [ only
D.

I and I1I only

A ball is rolled down a | m ramp placed at an angle of 30°
to the horizontal. The same ball is rolled down a 1 m ramp
placed vertically. Which of the following statements is
true? {(Note: sin 30° = 0.5, cos 30° = 0.87)

A. The ball required the same amount of time for both
trips.

B. The ball had the same displacement at the end of

both trips.

The ball accelerated at the same rate for both trips.

The ball reached approximately 1.4 times the speed

on the second trip as it did on the first trip.

Re

STOP IF YOU FINISH BEFORE TIME IS CALLED, CHECK
YOUR WORK. YOU MAY GO BACK TO ANY QUESTION
IN THIS TEST BOOKLET.

STOP

Iin-Class Exams
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Passage | {Questions 24-30)

Statistically speaking, traveling on U.S. highways is more
dangerous than airplane travel. At the high speeds achieved by
vehicles on the highway, turns must be very gradual. As a
safety precaution, highway turns are banked toward the inside.
Federal guidelines specify highway curve speed limits based
upon the angle of the bank, the average coefficient of friction
between a vehicle and the pavement, and the radius of curva-
ture of the turn. The radius of curvature of a turn is the radius
of a circle that would be circumscribed by the vehicle if the
vehicle were to complete a full circle.

Figure 1

The diagram above shows a vehicle on a highway curve
moving in a direction out of the page and turning to the driver’s
left.

24, Which of the following statements is most likely false
concerning the federal guidelines on highway curve
speed limits?

A. The speed limit increases with the radius of curva-
fure.

B. The bank angle 0 increases with the radius of cur-
vature.

C. A greater bank angle 0 allows for a greater speed
limit.

D. A smaller radius of curvature leads to a greater bank
angle.

25, If the vehicle in Figare 1 is moving very fast, but not ship-
ping off the bank, the frictional force on the vehicle is

most likely:

static and in the direction of vector C.

static and in the direction of vector B.

kinetic and in the direction of vector C.

kinetic and in the opposite direction of vector C.

FORE>
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26.

27.

28.

29,

30.

The centripetal force on the vehicle is:

in the direction of B.
in the direction opposite to B.
in the direction of C.
in the direction opposite to C.

SOREF

If the vehicle in Figure 1 were stationary, the net force on
the vehicle would be:

ZEr0.

in the direction of A.
int the direction of C.
in the direction of D.

FOoEp

If the speed of the vehicle were doubled, the centripetal
force required to turn the vehicle would:

decrease by a factor of 2.
remain the same.

increase by a factor of 2.
increase by a factor of 4.

FoFEF

If the bank angle © were increased to 90° and the vehicle
did not fall, the frictional force on the vehicle would be:

less than the weight of the vehicle.

equal to the weight of the vehicle.

greater than the weight of the vehicle,

The laws of physics dictate that the vehicle must fall
if the bank angle is increased to 90°.

FOFEP

Which of the following wou. ! require the bank angles
which currently exist on highways to be increased?

A. The average mass of vehicles on the highways in-
creases.

B. The average mass of the vehicles on the highways
decreases.

C. Curve speed limits are increased.

D. Cuorve speed limits are decreased.

GO ON TO THE NEXT PAGE.



Passage Il (Questions 31-37)

A stodent imagines an astronaut sitting in his space vehicle
as it orbits an unknown planet sometime in the future. His
space vehicle is pressurized so he is able to remove his helmet.
The astronaut has a plastic bag of juice. He opens the bag and
squeezes the juice out into the air in front of himself. The juice
does not pour into his lap but remains as an amorphous blob
wiggling in the air in front of him. He puts his mouth to the
juice and slurps it in completely. Finished with the juice, he
gently tosses the empty bag toward a garbage receptacle. Then
the astronaut removes his pen from his pocket and finds that it
floats perfectly in the air.

He looks over at his grandfather clock that runs on a pendu-
lum system, and notices that it is time to radio earth. He radios
Earth, which is 3 x 10" km away, that he is done with break-
fast. Earth replies that he must change the radius of his orbit.
Earth asks him to decrease his present velocity by a factor of
four, which he does. Soon afterwards he discovers that he is
following the same orbital trajectory as a small moon.

The circular motion of the craft is governed by the equation
below:

GM

= —
VZ
where v is the speed of the space ship, r is the orbital radius, M

is the mass of the Earth (5.98x10** kg), and G is the gravita-
tional constant (6.67x107"" m*/kg-s™)

31. The space ship expertences centripetal acceleration while
orbiting the planet. According to Newton’s laws of
motion, if the spaceship encounters no resisting force in
the course of its circular orbit, what will be its future

path?

A, Tt will orbit in a circle forever.

B. It will gradually spiral inward.

C. It will gradually spiral cutward,

D, It will break from the orbit to travel in a straight

line.

32, If the plastic bag misses the garbage receptacle, from the
astronaut’s point of view, will it continue straight along

its present path at a constant velocity?

-

A. Yes, because space is a vacuum.,

B. Yes, because the net foree on the bag is zero.

C. No, because the gravity of the unknown planet will
change the trajectory of the bag.

D. No, because the air molecules in the spacecraft will
create air resistance and slow it down.
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33. From the astronaut’s point of view, along what trajectory
should he send his projectile if he wants it to reach the
garbage receptacle?

A. a perfect parabolic path that ends exactly at the re-
ceptacle

B. aparabolic path that ends at the receptacle but is ad-
justed for air resistance

C. aperfect parabolic path that ends just above the re-
ceptacle

D. a straight line to the receptacle

34. How many hours will the astronaut’s message take to
reach earth?

A, 3107 x3x10* %60 x 60

B (3 % 10'/(3 x 10%) x 1/60 x 1/60
C. (3% 103 x 10% x 60 x 60

D.  {(3x 10943 x 10'%) x 1/60 x 1/60

35. When the astronaut changes his velocity, the radins of his

orbit:

A. increases by a factor of 16.
B. decreases by a factor of 2.
C. decreases by a factor of 4.
D. decreases by a factor of 16.

36. Which of the following is true concerning the spacecraft
and the moon when they are in the same orbit? (Assume
that neither is using a propulsion system to maintain its
orbit.)

They both must be at the same speed.

They both must have the same mass.

They both must have the same mass and speed.
They must have different masses.

SOFP

37. The passage comes from the imagination of a student. A
real pendulum on the clock in orbit would:

A. swing more slowly than it would if it were on the
planet below.

B. swing more swiftly than it would if it were on the
planet below.

C. swing at the same rate as it would if it were on the
planet below.

D. not swing on the orbiting spacecraft.

GO ON TO THE NEXT PAGE.
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Passage Ill {(Questions 38-42)

The earth does not move around the sun in a perfect circle.
Not only is the path very slightly elliptical, but the moon
creates a wobble in the orbit. It is actually the center of gravity
of the earth-moon system, called the barycenter, that follows
the smooth elliptical path around the sun. Nevertheless, the
earth’s orbit is so nearly a circle that it can be treated as such
for most calculations. The average distance between the earth
and the sun is called an astronomical unit, AU.

The moon moves once around the earth every 27.3 days. The
moon does not rotate relative to the earth, so the same side of
the moon is always facing earth.

Table 1 gives the mass, radius, and orbital radius of the
sun, earth, and moon, The universal gravitational constang is:
G =6.67 x 107" N m¥kg*

Mass (kg) | Radius (km) (Orbital radius (km)
Sun 1.9 x 10 696,000 -
Earth| 5.97 x 10* 6,378 149,600,000
Moon | 7.5 x 107 1,738 384,400

Table 1 Astronomical statistics

38. A light second is the distance that light moves in one
second. How many light seconds is the moon from the
earth?

5.8 x 107 light seconds
1.2 x 107 light seconds
5.8 x 107 light seconds
1.28 light seconds

FORP

39. A lunar day is defined as the time that elapses from
sunrise to the following sunrise on the moon at a given

location. How long is one lunar day?

A, 12 earth hours
B. 24 earth hours
C.  27.3 carth days
D. one earth year
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40. Which of the following expressions gives the approxi-
mate speed of the earth moving through its orbit?

A |Gx15x10"
1.9x10°

B. ij 1.9x10°% 5.9x10 *
1.5%10"

(G x 1.9x10”
1.5x10"

[ 1.5x10"

G x 1.9%10”

41. How much would a 100 kg man weigh on the moon?

A, 17N
B. 100N
C. 170N
D. 1000N

42. If F is the gravitational force created on the moon by the
garth, which of the following expressions is equal to the
gravitational force created on the earth by the moon?

A F

(5.97x10*) x F
(7.5x10%)

c. (15107 x F
(5.97x10*")

D. (1,738’ x F
(5.97x10%'%(7.5x 10%)

GO ON TO THE NEXT PAGE.



Questions 43 through 46 are NOT based on a
descriptive passage.

43. In a ‘tug of war’ two groups of men pull in opposite direc-
tions on either end of a rope. Each group applies 2000 N
of force. What is the tension in the rope?

A, ON

B. 1000N
C. 2000N
D. 4000 N

44, A 50 kg box is moved across the floor at a constant veloc-
ity of 5 ms. The coefficient of friction between the box
and the floor is 0.1. What is the net force on the box?

A. ON

B. 50N
C. 250N
D. 2500N

Copyright © 2007 Examkrackers, Inc.

169

45. The earth spins on its axis flattening its spherical shape
from pole to pole and bowing out at the equator. An object
is placed on a scale at the equator. How does the cen-
trifugal force and the distance from the cedter of gravity
affect the weight (as measured by the scale) at the
equator?

A.

B.

Both the increased distance and the centrifugal
force act to decrease the weight of the object.

The increased distance tends to decrease the weight
of the object while the centrifugal force tends to in-
crease its weight.

The increased distance tends to increase the weight
of the object while the centrifugal force tends to de-
crease s weight.

The increased distance tends to decrease the weight
of the object and the centrifugal force does not af-
fect the weight of the object.

46. A 5 kg mass hangs from a spring distending it |0 cm from
its resting point. What is the spring constan! k of the

spring?

A. 50N/m
B. 100 N/m
C. 250 N/m
D. 500 N/m

STOP. IF YOU FINISH BEFORE TIME 1S CALLED, CHECK
YOUR WORK. YOU MAY GO BACK TO ANY QUESTION
IN THIS TEST BOOKLET.

STOP.
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Passage [ (Questions 47-51)

Puncho was a circus clown whose act consisted of juggling
five 0.5 kg balls while riding a unicycle across a tightrope.

47.

48.

49,

O

O
O

O

10m

Pole A

Puncho the Clown

Puncho is shown in Figure 1 riding his unicycle while juggling
and then riding his unicycle on a tight rope.

Puncho has a mass of 50 kg.

Figure 1

[f the radius of the wheel on Puncho’s unicycle is 0.25 m,
and Puncho is riding with a velocity of 10 m/s, how many
revolutions does the wheel make each second?

/20 revolutions
/10 revolutions
20/ revolutions
207 revolutions

FoFEp

If the angle © in Figure | is 60°, and Puncho is 2 m from
Pole A, what is the net torque on Pole A? (Note: sin 60°
=0.87, cos 60° = 0.5)

A, ONm

B. 250Nm

C. 2500Nm

D. 5000 N m

If the distancc between Pole A and Pole B in Figure 1 is

doubled and the angle B remains the same, the tension in
the tightrope will:

decrease by a factor of 2.
remain the same.

increase by a factor of 2.
increase by a factor of 4.

FORP>
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Pole B

50, Puncho throws each ball 5 m into the air. He throws one

51.

ball every half second with a velocity of 10 m/s. At any
moment when all the balls are in the air, how much
greater is their total energy than when all the balls are at
rest?

A. 501]

B. 1231
C. 2501
D. 5001]

Why is it easier for Puncho to balance on his unicycle if
he carries a long heavy pole centered horizontally at his
chest?

A. The pole decreases his rotational inertia.

B. The pole increases his rotational inertia.

C. The weight of the pole increases the frictional force
between the unicycle and the tightrope,

D. The weight of the pole increases his momentum

when he isn’t moving.

GO ON TO THE NEXT PAGE.



Passage Il {Questions 52-58)

A student performed two experiments to investigate the
nature of tension.

Experiment |

The student used the apparatus shown in Figure 1 to measure
the tension in a string when different masses (M) were hung
from its end. The experimental results showing how the tension
changed with M are given in Table 1.

Figure 1

Trial | M (kg) | T(N)
1 0.10 1.0
2 0.15 1.5
3 0.20 2.0
4 0.25 2.5
Tahle 1

Experiment 2

The student attached one end of a string to a (). kg mass rest-
ing on a smooth table. The student attached the other end of the
string over a pulley to a hanging mass (m). The apparatus is
shown in Figure 2. The hanging mass was allowed to fall and
the tension in the string as it fell was measured. Several differ-
ent hanging masses were used and the results recorded in Table
2. (Note: Assume massless pulleys for all guestions unless
otherwise indicated.)
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Trial | m(kg) | T (N)
1 0.10 0.50
2 0.15 0.60
3 0.20 0.67
4 0.30 0.75
Table 2

52, If the smooth table in Experiment 2 is frictionless, during
the experiment the mass m is:

A.  in static equilibrivm.

B. in dynamic equilibrium.

C. initially not in equilibrium but may achieve equilib-
rium if the string and table are long enough.

D. ot in equilibriom and does not achieve equilibrium
during the experiment.

53. If the smooth table in Experiment 2 is frictionless, what is
the maximum tension that can be achieved?

A. 0IN

B. IN

C. 10N

D. Aslong as the string does not break, there is no limit

to the tension that can be achieved.

54. What is the net force exerted on mass M in Experiment 1
Trial 3?
A. ON
B. 0OIN
C. IN
D. 10N

55. If the string in Experiment 2, Trial 1, were cut, and mass
m were allowed to fall freely, what would be the tension
in the string?

A. ON

B. 01N
C. 10N
D. 10N

GO ON TO THE NEXT PAGE.
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56. Which of the diagrams below most accurately represents
the speed of the block in Experiment 2 after the block
begins to slide? (Note: Assume that the tension and fric-
tion forces are constant.)

A C.
<= | -
D “
i 5]
=5 (=9
o o
ume time
B. D.
=) -
£} a}
0 ir
(=% [
A (%]
time time

57. How does friction between the 0.1 kg mass and the table

in Experiment 2 affect the results of the experiment?

The tension in the string is decreased by friction.
The tension in the string is increased by friction,
Friction decreases as mass s increases.
Friction increases as mass m increases.

SESR '

58. Based on the results in Table 2, if another trial were
attempled in Experiment 2 using a mass m of (.4 kg, what

would be the approximaie tension in the string?

A. 080N
B. 083N
C. I3N
D. 40N
Copyright £ 2007 Examkrackers, inc.
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Passage Il (Questions 59-66}

In the early part of World War T (WW T) the science of aero-
nautics was in its infancy. Primitive propeller planes reached
top horizontal speeds of 30 my/s. If a plane didn't come apart,
greater speeds were possible in a dive. Initially airplanes were
used only for reconnaissance. Enemy pilots would often salute
each other with a friendly wave as they passed in the sky.
However, as the war progressed, pilots began throwing bricks
and other objects at each other. The first bombs were literally
dropped from the pilots hands as he flew. In order to hit his
target, a pilot would have to take into account his own velocity,
wind velocity, and air resistance.

Medern warplanes fire jet-propelled missiles. Such missiles
take air in through the front, heat and compress it, and force it
out the back along with combusted fuel. Nevertheless, the same
factors for dropping a projectile must also be considered when
aiming a modern missile. (Note: [gnore air resistance unless
otherwise indicated.)

59. If a WW I pilot flying horizontalty at top speed dropped
a 2 kg bomb from an altitude of 300 m, what would be the
kinetic energy of the bomb just before hitting the ground?

A, %007

B. 180OJ
C. 6000]J
D. 69001

60. If a modern jet-propelled missile with a mass of 300 kg is
designed to move vertically upward at 1200 m/s, how

much power must be delivered by the propulsion system?

A, 36xI0°W
B, 36x10°W
C. 22xI0%wW
D. 22xIo"w

GO ON TO THE NEXT PAGE.



61.

62.

63.

64.

If a WW I pilot dropped a 2 kg bomb from an altitude of
300 m, which of the following would result in the great-
est kinetic energy for the bomb just before it hit the
ground? (sin 30° =0.5)

A. The pilot releases the bomb while flying straight up
at a velocity of 10 m/s.

B. The pilot releases the bomb while climbing at an
angle 30° above the horizontal at a velocity of 20
m/s.

C. The pilot releases the bomb while flying straight
down at a velocity of 20 m/s.

D. The pilot releases the bomb while flying horizon-
tally at a velocity of 25 m/s.

The gravitational potential energy of WW 1 propeller
planes increased with altitude. Since energy is always
conserved, from where did this energy most likely come?

kinetic energy achieved on the runway

kinetic energy of air molecules lifting the plane
chemical potential energy from the airplane’s fuel
kinetic energy of the wind

SRSl N

When a WW I airplane went into a dive, it might reach a
constant terminal velocity due to air resistance. Which of
the following is true concerning a diving plane that has
reached terminal velocity?

The net force on the plane is zero.

The plane is accelerating at 10 m/s2.

The plane is in static equilibriom.

The air resistance is equal to the force of the propul-
sive produced by the planes engines.

Fowe

While pulling out of a dive, a pilot’s apparent weight:

increases

decreases

remains the same

The pilot is weightless while pulling out of a dive.

FORF
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65,

606.

A WW T pilot increases his aititude at an angle of 30° to
the horizontal and a velocity of 20 m/s. If he takes a 2 kg
bomb with him, starting from rest on the ground, how
much work has been done on the bomb when the plane
reaches an altitude of 200 m? (Note: ignore air resist-
ance. sin 30° = 0.5)

A, 200071
B. 2400171
C. 40001)
D. 44007

A WW I pilot flying north at top speed and an altitude of
180 m wishes to drop a bomb on a trench. Ai how many
meters before he is over the trench should he drop the
bomh? (Ignore air resistance.)}

A. 60m

B. 120m
C. 180m
D. 360m

GO ON TO THE NEXT PAGE.
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Questions 67 through 69 are NOT based on a
descriptive passage.

67. A rocket is launched from earth to explore our solar
system and beyond. As the rocket moves out of the earth’s
atmosphere and into deep space, the gravitational con-
stant g decreases and approaches zero, and the
gravitational potential energy of the rocket:

also decreases and approaches zero.

continually increases.

remains constant.

increases at first and then decreases and approaches
Zero.

=S RN'S

68. From the right end of a massless, meter stick hangs a 5 kg
mass. 20 ¢m from its left end the meter stick is attached
to the ceiling by a string. What downward force F should
be applied to the left end of the meter stick to balance it
horizontally and in rotational equilibrium?

20 cm

S5keg

20N
50N
100 N
200 N

SoEp
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69. The earth is approximately 80 times more massive than
the moon. The average distance between the earth and the
moon is just less than 400,000 km. If the radius of the
earth is 6370 km, the center of gravity of the earth-moon
system is located:

at the center of the earth.

just beneath the earth’s surface.

just above the earth’s surface.

exactly between the earth and the moon.

FOWE

STOP IF YOU FINISH BEFORE TIME IS CALLED, CHECK
YOUR WORK. YOU MAY GO BACK TO ANY QUESTION
IN THIS TEST BOOIKKLET.

STOP
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Passage | {Questions 70-76)

Four examples are shown below to demonstrate the proper-
ties of collisions. All four examples take place op a frictionless
horizontal surface at room temperature.

Collision |

Block A, with mass 2 kg slides towards Block B with a speed
of 4 m/s. Block B is at rest and its mass is unknown. After the
collision, Block A remains at rest and Block B moves forward
at angle x relative to Block A’s original motion with a speed of

4 mis.
@— @,
before after
Example 1 |
Collision 2

Block A with mass | kg slides towards Block B with a speed
of 4 m/s. Block B is at rest and has a mass of 1 kg. After the
collision, the two blocks stick together and mave forward at an
angle y relative to Block A’s original motion at an unknown
speed.

before after

Example 2
Collision 3

Block A with mass 3 kg is initially at rest. An explosion
breaks the blocks into three pieces, each with mass [ kg, The
three pieces each move away at unknown speeds at the angles
shown.

W 4
® e O
before Ya /after
Example 3
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Collision 4
Block A with mass 2 kg slides towards Block B with
unknown speed and Block B with mass [ kg slides towards

Block A with unknown speed. After the collision, the two
blocks stick together at rest.

®—-—®  ap

before after

Example 4

70. Which of the following statements must be true regarding
angles x and y in Collision 1 and Collision 27

Al x=1y
B. 2x=y
C. x=y=90"
D. x=y=0°

71. What is the speed of the combined blocks after Colitsion

27

A, 1mfs
B. 2mfs
C. 4mfs
D. 8mfs

72. What is the mass of Block B in Collision 17

A. 05kg
B. 1lkg
C. Z2kg
D. 4kg

73. After Collision 4, what has happened to the kinefic
energy initially present in the motion of the blocks?

A. Ttremains unchanged.

B. It is converted into elastic potential energy.

C. Itis converted into gravitational potential energy.
D. It is converted into heat energy.

74. Which of the following must be true about Collision 37
A, vi=v+y
B. w=v,
C.  veos(w) = vieos(a)
D.  vsin(w) = vsin{z)

GO ON TO THE NEXT PAGE.



75. Which of the collisions is perfectly elastic?

A,  Collision I
B. Collision 2
C. Collision 3
D.  Collision 4

76. If v, is the speed of Block A and vy is the speed of Block
B before Collision 4, which of the following must be

true?

A, v =g
B. v, =2y
C. 2v, =y,
D. 4y, =vy
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Passage Il {Questions 77-82)

Two small nuclides can join together via nuclear forces to
telease energy. This process is called fusion. However, nuclear
forces are only effective at relatively close range, and, in order
for this reaction to occur, the particles must overcome the elec-
trostatic repulsion between their positively charged nuclei.
These repulsive forces make up the Coulomb barrier. For two
protons, the height of the Coulomb barrier is about 400 keV.

One way that successful collisions can occur is through high
temperatures. This is called thermonuclear fusion. Temperature
in thermonuclear studies are reporied in terms of the most prob-
able kinetic energy K of the interacting particles via the
relation:

K=kT

where k is Boltzmann constant (8.62 x 107 eV/K) and T is the
temperature in kelvins. Using this method, the temperature at
the core of the sun is 1.3 keV; room temperature is approxi-
mately 0.03 eV; and the peak temperature for particles to
overcome the Coulomb barrier is 400 keV.

2 x‘ H+H—>H te+ v (Q=042 MeV)

Reaction 1 \]’

2 e & =>4y (Q=1.02 MeV)
Reaction 2 J,

2%

*H+H—>He + ¥(Q = 5.49 MeV)
Reaction 3 \Ir

\ 'He +'He —>*He +'H + H'(Q = 12.86 MeV)

Reaction 4

e = electron

e" = positron

v = neutrino

¥ = gamma parficle
Q = energy released

Figure 1 Thermonuclear fusion at the sun’s core

Thermonuclear fusion occurs in the sun via the reactions
given in Figure 1. Fusion occurs despite the low temperature
for two reasons: (1) some particles move at much greater
speeds than the most probable speed; (2) some barrier tunnel-
ing can occur at temperatures lower than 400 keV. (Note: An
electron carries a charge of 1.6 < 107 C.)

GO ON TO THE NEXT PAGE.
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77.

78.

79.

80.

The heat from thermonuclear fusion inside the sun’s core
comes from:

kinetic energy

chemical energy

mass energy

electrostatic potential energy

FoFF

What is the approximate temperature of the sun’s core in
kelvins?

A, 46x10°K
B. 1.5x10'K
C. 46x10°K
D. 15x10K

According to Figure 1, the net products of thermonuclear
fusion in the sun’s core are:

helium, hydrogen, neutrinos, and energy.
helium, neutrinos, and energy.
hydrogen, neutrinos, and energy.
helinm, hydrogen, and neutrinos.

FORP

If an electron and a positron have the same mass, then,
according to Reaction 2 in Figure 1 what is the approxi-
mate mass of a positron?

A, 107 kg
B. 10 kg
C. 107 kg
D. 10" kg
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81.

82.

In nuclear fission one high-mass nuclide is split into two
middle-mass nuclides and energy is reieased. The nucle-
ons (protons and neutrons) in both nuclides are held
together by the nuclear binding energy @ = Amc’. The
binding energy per nucleon of the high-mass nuclide:

A. s greater than the binding energy per nucleon of the
middle-mass nuclides.

B. s less than the binding energy per nucleon of the
middle-mass nuclides.

C. s equal to the binding energy per nucleon of the
middle-mass nuclides.

D. may be either greater or less than the binding energy
per nucleon of the middle-mass nuclides.

Which of the following is a requirement in order for
energy to be released in a fusion reaction?

A. The resulting nucleus must be at a higher energy
state than the colliding nuclides.

B. The nuclides must collide at a temperature of 400
keV or greater.

C. The number of nucleons in the fusing nuclides must
be large.

D. The number of nucleons in the fusing nuclides must
be small.

GO ON TO THE NEXT PAGE.



Passage lll {Questions 83-88)

An important function of many mammalian bones is to act as
a lever arm, trapsmitting an in-force to an out-force via a center
of rotation or fulcrum. Three orders of lever arms exist: first
order where the fulcrum separates the in-force and the out-
force; second order where the in-force and out-force are on the
same side but the out force is nearest to the fulcrum; and third
order where both forces are also on the same side but the in-
force is nearest the fulcrum. [n mammalian bone lever systems
the in-force is supplied by a muscle, one end of which is
attached to the bone at the point where the in-force is applied
and the other end anchored to a separate bone closer to the
body.

Fujcrum

7

f Line of Muscle Action
{(in-force)

In-lever Arm

Out-lever Arm

(out-force)
Figure 1

83. What type of lever is shown in Figure 2?

A.  first order

B. second order

C. third order

D. It can not be determined from the figure.

84. Assuming the figures are drawn to scale, if the same in-
force is applied to each lever system, which lever system
will have the greatest out-force?

A. The lever system in Figure 1.

B. The lever system in Figure 2.

C. The out-force would be the same in both lever sys-
tems.

D. The answer cannof be determined from the infor-

mation given.
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Mammalian bones have evolved divergently to meet the
requirements of different mammals. Figures | and 2 show the
lever system in the forelimbs of two different mammals. Each
lever system allows for a ratio of out-force to in-force and
velocity of limb movement that best suits ifs respective user.
Swift running mamimals take advantage of third order lever
systems to reduce bulky limbs and extend limb movements.
Large muscles can be kept close to the body requiring less
energy expenditure on unnecessary movements; short contrac-
tions can be translated into long strides. In order to further
maximize velocity the mass of the proximal portion of the limb
has been reduced in these swift running mammals.

Fulcrum

4

o Line of Muscle Action
(in-force)

—»
Force exerted on Ground
{out-force)

Figure 2

85. If the out-lever arm in Figure | is 1 m and the in-lever arm
is 10 cm, and the mammal applies an in-force of 10 N,
what will be the approximate out-force?

A. 1IN
B. ION
C. 40N
D. 00N

86. The animal in Figure 2 is well adapted for rapid digging.
If we assume ideal conditions for the lever system in
Figare 2, compared to the in-force supplied by the
muscle, the out-force must:

do less work.

do more work.

be less than the in-force.

be greater than the in-force.

SOFP
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n
E
]
x

wl
0
w

o

o
i




87. According to the passage, which of the following condi-
tions would most likely make the animal in Figure 1 a
faster runner?

A.

B.

increasing the length of the in-lever arm and de-
creasing length of the out-lever arm

decreasing the length of the in-lever arm and in-
creasing length of the out-lever arm

increasing both the length of the in-lever arm and
the out-lever arm

decreasing both the length of the in-lever arm and
the out-lever arm

88. Which position has the greatest in-lever arm?
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Questions 89 through 92 are NOT based on a
descriptive passage.

89.

90.

91.

The rate at which the thyroid gland absorbs iodine can be
measured using the radio nuclide '**1. The half-life of ‘*1
is 25 min. A patient is administered 800 ug of 'L If no
"1 is absorbed by the thyroid, approximately how much
will remain in the patient’s blood after 2 hours?

A. Oug
B. 27ug
C. 55pg
D. 800ug

%P undergoes two alpha decays and four beta decays to
become:

A, Mo
B. *Ra
C. Y%Pb
D. *'Po

A pulley system is attached to a massless hoard as shown
below. The board pivots only at the pivot point. A 10 kg
mass M sits exactly in the middle of the board.

™.

Pivot point

If the angle 0 is 30°, what is the force F necessary to lift
the 10 kg mass? (Note: sin30° = 0.5)

A. 125N
B. 25N
C. 50N
D. 100N

GO ON TO THE NEXT PAGE.



92, If the two objects shown below collide and remain
together without spinning, what will be their final veloc-
ity? (sin 60° = 0.87; cos 60° = 0.5)

A, Sm/fs

B. 58m/s
C. 87wm/s
D. 10m/s

STOP IF YOU FINISH BEFORE TIME 1S CALLED, CHECK
YOUR WORK. YOU MAY GO BACK TO ANY QUESTION
IN THIS TEST BOOKLET.
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Passage | (Questions 93-98)

Because heating a solid increases the vibrational energy of its
molecules resulting in an increase in space required by each
molecule, a typical solid will expand when heated. For such
solids, the fractional change in their length per unit temperature
is given by a coefficient of linear expansion, which is specific
for each solid. Although the change in length varies slightly
with temperature for any solid, The following equation gives a
good approximation.

AL = LOAT

where L is the original length of the solid, AL is the change
in length, o is the coefficient of linear expansion for the partic-
ular substance, and AT is the change in temperature.

Of course, any solid that increases in length when heated will
also expand in both other directions. The change in volume V
for such a solid is given by:

AV = VBAT

where [} is the coefficient of volume expansion which is
exactly 3 times the coefficient of linear expansion. The equa-
tion for the change in volume can be applied to most lignids as
well as solids. Water, however, has a maximum density at 4°C.

A list of the coefficients of linear expansion for some common
substances is provided in Table 1.

Substance o (107%/°C)
Ice (at 0°C) 51
Aluminum 23
Brass 19
Steel 11
Glass (ordinary) 9

Table 1

93. What is the coefficient of volume expansion for glass?

A, 9% 107"eC

B. 27 x107%°C
C. 9x10%°C
D. 2.7 x10%°C
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94. A bimetal strip consisting of brass and steel is welded
together lengthwise as shown.

Brass
Steel

As the temperature increases:

A. the brass will contract and the steel will expand,
bending the rod to the left.

B. the steel will confract and the brass will expand,
bending the rod to the right.

C. the brass will expand faster than the steel, bending
the rod to the right.

D. the steel will expand faster than the brass, bending
the rod to the left.

95. If a piece of brass is slowly heated from 25°C to 35°C, by

approximately what percent will its length be increased?

A. 00019%
B. 0019%
C. 0.19%
D. 19%
96. Which of the foilowing substances contracts the most
when cooled?
A. aluminum
B.  brass
C. steel
D. glass
97. A bottle is half filled with water at 4°C and sealed shut.

The bottle is placed on a scale and put into a freezer. As
the water nears 0°C, the water level in the bottle:

falls and the reading on the scale remains constant.
rises and the reading on the scale remains constant.
rises and the reading on the scale decreases.
rises and the reading on the scale increases.

FORP
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98. Which of the following is true concerning an alminum Passage Il {Questions 99-105)
buoy that floats in a lake all year round? (Note: The
volume coefficient of expansion for water is 2 x 107/°C.) The pipe shown in Figure 1 holds a fluid with a specific grav-

A. The buoy floats kigher in the winter because the ity of 5.0. The top of the pipe at end A is sealed so that only a

density of wates changes more than the deusity of negligible amount of vapor pressure exists above the fluid
surface. A narrow tlexible section extends as shown from end

C. The buoy floats lower in the winter because the den-
sity of water changes more than the density of alu-
minum.

D.  The buoy floats lower in the winter becaunse the den-
sity of water changes less than the density of alu-
minurm.

aluminum.

B. The buoy floats Aigher in the winter because the A and is sealed at end D. Both ends of the pipe can be opened 4
density of water changes less than the density of so that fluid flows from point A to D. 2
aluminum. 2

e

Figure 1 Pipe with unknown fluid

The points A, B, C, and D and the surface of the liquid are
measured from an arbitrary point as shown. Assume that the
unknown fluid behaves tdeally unless otherwise indicated.

99. When both ends are sealed shut, the pressure is the great-
est at point:

A, A
B. B
C. C
D. D

100. When both ends are open, the flow rate is the greatest at

point:

A A

B. B

C. b

D. The flow rate is the same at all points.

101, What is the pressure at point C when the pipe is closed
and the fluid is at rest?

A, 2000 Pa
B. 3000Pa
C. 2000Pa+1atm
D. 3000 Pa+ 1 atm

Copyright @ 2007 Examkrackers, Inc. 187 GO ON TO THE NEXT PAGE.



102. What is the approximate velocity of the fluid at point D
when the pipe Is opened at both ends?

A. 09m/ss
B. 1lmfs
C. 14m/s
D. 20m/s

103. A 2 kg object submerged in the unknown fluid has an
apparent loss of mass of 0.5 kg. What is the specific
gravity of the object?

A. 1

B. 125
C. 5

D. 20
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104. If both ends of the pipe were opened, all of the following

105,

would decrease significantly at point B as the unknown
fluid drained from the pipe EXCEPT:

A. volume flow rate

B. fluid velocity

C. flud density

D. fluid pressure

The pipe is closed at both ends and the flmid is at rest.
Compared to the pressure at point A, the pressure at point
Cis:

A. half as great.

B. 1wice as great.

C. %7 as great

D. s as great,

GO ON TO THE NEXT PAGE.



Passage Ill (Questions 106-111)

The flight of a golf ball does not strictly follow the rules of
projectile motion. The reason for this deviaticn is that the golf
ball experiences a force called “lift” F,. The lift force is directly
proportional to the difference in pressure above and below the
ball caused the ball’s rotation during its flight. Lift can be
roughly explained using Bernoulli’s theorem.

1l o2 1.2
AP:EPVZ“EP"I

where AP is the pressure difference, p is the density of the air
surrounding the golf ball (p = 1.2 kg/m*), and v, and v, are the
effective airspeeds above and below the ball.

As the golf ball flies through the air, air moves past the ball
at speed u, But as the ball spins, it drags some air along its
surface. It the surface of the ball is moving at speed w, then the
effective airspeed above the ball is v + w and the effective
airspeed below the ball is u — w.

-
'w/_\
N
u
Golf ball manufacturers are continually experimenting with
difterent surface patterns to improve lift properties. The mass

of a typical golf ball is 45 grams and the diameter is 4.3 cm.
The volume of a golf ball is 42 cm’.

Vealf ball

106. Assuming the spin on a golf ball has no effect on its hor-
izontal acceleration, how does the flight of a ball
undergoing the lift force compare to the flight of a ball
that experiences no [ift?

A.  The ball that experiences lift will go higher, but not
as far horizontally.

B. The ball that experiences lift will go higher and far-
ther horizontally.

C. The ball that experiences lift will not go as high but
will travel farther horizontally.

D. The ball that experiences lift will not go as high or
as far horizontally.
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107,

108.

109,

110.

111,

The air very close to the surface of the ball is dragged
along by a golf ball's spinning motion so that it moves at
the same speed as the surface of the ball. If a goif ball in
flight spins with a frequency of 60 Hz, what is the
approximate speed w of the air at its surface?

A, 1mfs
B. 4mfs
C. 8mfs
D. 20m/s

Which of the following changes would NOT serve to
increase the lift force F, exerted on a golf ball in flight?

A. Weather conditions cause an increase in the density
of air.

B. A golf ball with a lower density is used.

C. The golf ball is struck harder, causing it to move
with greater speed.

D. The golf ball is stouck with an angled club, causing
it to spin more rapidly.

When a golf ball like the one described in the passage
lands in a lake, which of the following will be true?

A. The ball will sink.

B. The ball will float withh 96% of its volume sub-
merged.

C. The ball will float with 93% of its volume sub-
merged.

D. The ball will float with 87% of its volume sub-
merged.

I a golf ball in flight spins in the direction opposite the
one shown in Figure 1, the ball will experience:

A. a downward force because the pressure will be
greater below the ball.

B. a downward force because the pressure will be
greater above the ball.

C. anupward force because the pressure wiil be greater
below the ball.

D.  anupward force because the pressure will be greater
above the ball.

Which of the following expressions is equal to the differ-
ence between the effective airspeeds above and below a
golf ball while it is in flight?

A, u
B. w
C. 2u
D. 2w

GO ON TO THE NEXT PAGE.
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Questions 112 through 115 are NOT based on a
descriptive passage.

112.A 5 liter container weighing 2 kilograms is thrown into a
lake. What percentage of the container will float above
the water? (1 L =1 dm?*

10%
40%
60%
S0%

FOFEP

113. A brick sits on a massless piece of Styrofoam floating in
a large bucket of water. If the Styrofoam is removed and
the brick is allowed to sink to the bottom:

the water level will remain the same.

the water level will fall.

the water level will rise.

the density of the brick musi be known in order to
predict the rise or fall of the water level.

JOFEpr
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114. A water tower is filled with water to a depth of 15 m. If a
leak forms 10 m above the base of the tower, what will be
the velocity of the water as it escapes through the leak?

A. 10 m/s
B. 14 mfs
C. 17mfs
D. 20 m/s

115. What is the approximate absolute pressure 5 m below the
surface of a lake that is 20 meters deep?

A. 50,000 Pa

B. 150,000 Pa
C. 200,000 Pa
D. 300,000 Pa

STOP IF YOU FINISH BEFORE TIME IS CALLED, CHECK
YOUR WORK. YOU MAY GO BACK TO ANY QUESTION
N THIS TEST BOOKLET.

STOP.
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Passage | (Questions 116-122)

Due to the large volume of traffic between Manhattan and
Boston, a group of engineers proposed a tunnel that would
aliow a train o cary passengers along a perfectly straight path
between the two cities. The engineers reasoned that the train
could operate without consuming any energy because the force
of gravity would pull the train down the first half of the tunnel.
As the train accelerated during the first half of the journey, it
would acquire exactly enough momentum to carry through the
second half of the journey against the gravitational force. [f
friction is neglected and the graviational constant g is assumed
to be constant throughout the trip, a one-way trip would be one-
half of a cycle of simple harmonic motion similar to the
swinging of a pendulum from one side to the other. (The radius
of the earth is 6370 km. g = 10 m/s*. Assume ideal conditions
unless otherwise instructed.) )

Manhattan

Washington DXC.

Figore 1 Tunnel train (not drawn to scale)

116. Which of the following equations gives the acceleration
of the train at the beginning of the trip?

A, gsing

B. gcosd
C. GCm,,/ »”
D. ¢
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117. A similar tunnel was proposed to be built from Boston to
Washington DC. Based upon Figure | compared to the
travel time for the trip from Boston to Manhattan, the
travel time for the trip from Boston to Washington DC

would be:

A. greater because the dislance is greater.

B. the same because the distance i§ greater but the train
would go faster.

C. shorter because the train would go faster.

D. shorter because the trip would be downhill all the

way.

118. Given ideal conditions, which of the following expres-
sions most closely represents the time necessary for a trip

from Boston to Manhattan?

A, 2n il
g
B. n\]z
8
C. 2n £
-
D, n\[g
r

119. Which of the following diagrams shows the change in the
speed of a train as it travels on a one-way frip from

Boston t¢ Manhattan?

Al C.

GO ON TO THE NEXT PAGE.



120. Which of the following best describes the net force and
the acceleration on the train during the trip?

A, The net force and acceleration are zero when the
train is directly beneath Hartford.

B. The net force and acceleration are at a maximum
when the train is directly beneath Hartford.

C. The net force is at a minimum when the train is di-
rectly beneath Hartford but the acceleration is con-
stant throughout the trip.

D. The net force and acceleration are constant through-

out the trip.
121. Because the train goes downhill, then uphill, the shape of
the track must be:
A. asmooth constant curve along the entire length.
B. a straight track along the entire length.
C. a straight track with one bend exactly beneath
Hartford where the train turns uphill.
D. a successive series of straight track and curved
track.
122. The engineers assumed that acceleration of gravity would

remain constant during the trip. If we consider that the
force of gravity gets smaller as the train nears the center
of the earth, how will this affect the trip?

A.  The trip will require more energy than calculated by
the engineers.

B. The trip will require less energy than calculated by
the engineers.

C. The trip will require more time than calculated by
the engineers.

D. The trip will require less time than calculated by the
engineers.
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Passage Il {Questions 123-127)

Because bats are nocturnal hunters they rely upon sound
waves to locate their prey. A horseshoe bat emits ultrasonic
waves from its nostrils that reflect off its prey and return to the
bat. When a horseshoe bat detects flying prey, it adjusts the
frequency of the waves until the frequency of the waves
rebounding off the prey is §3 kHz, the frequency at which the
bat hears best. From the difference in the frequencies, the bat
can judge the position of its prey and capture it.

The frequency at which the moth receives and reflects the
waves emitted by the bat is given by the Doppler effect equa-
tion:

Su  340Lv,
£, 340%v,

where f; is the frequency of the waves emitted by the bat, £, is
the frequency at which the waves reflect off the moth, v, is the
velocity of the bat, v is the velocity of the moth. The sign
conventions are chosen in accordance with the Doppler effect.

Certain moths can avoid being captured by bats by either
flying directly away from the ultrasonic waves, or clicking to
create a jamming frequeticy and confuse the bat.

A horseshoe bat flies at approximately 10 m/s. Assume that
the moth flies at 5 m/s. The velocity of an ultrasonic wave in air
is 340 mfs.

123. By flying directly away from the ultrasonic waves, the
moth most likely avoids capture because:

A.  the sound waves reflect away from the bat.

B. the frequency of the reflected waves is decreased so
that it approaches the frequency of the emitied
waves and the bat may not detect the moth.

C. the frequency of the reflected waves is increased so
that it approaches the frequency of the emitted
waves and the bat may not detect the moth.

D. the frequency of the reflected waves is increased so
that it separates from the frequency of the emitted
waves and the bat may not detect the moth.

GO ON TO THE NEXT PAGE.

W
=
]
x
i
&
wn
&
&
s




124. 1f the bat and moth fly directly toward each other, and the
bat sends ultrasonic waves at 66 kHz, at what frequency
do the waves reflect off the moth?

A, 63kHz
B. 65kHz
C. 67kHz
D. 69kHz

125. Which of the following will decrease the frequency of the
waves detected by the bat?

I. The moth flies toward the bat.
II. The bat flies toward the moth.
III. The moth flies away from the bat.

A. Tonly

B. I only

C. TandIl only
D. I and IIT only
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126. As the humidity of air is increased, there is less time
between the moment when a bat sends a signal and the
moment when the bat receives the signal from its prey.
This is most likely because the addition of water vapor to

127.

air;

A,

B.

increases the speed of sound in air by decreasing the
density of the air.

increases the speed of sound in air by increasing the
density of the air.

decreases the speed of sound in air by decreasing
the density of the air.

decreases the speed of sound in air by increasing the
density of the air.

Which wavelength does the horseshoe bat hear best?

FoFERE

2% 107 m
4% 10°m
Zm
4 m

GO ON TO THE NEXT PAGE.



Passage lil {Questions 128-134)

A piano creates sound by gently striking a taught wire with a
soft hammer when a key on the piano is pressed. All piano
wires in a given piano are approximately the same length.
However, each wire is tied down at two points, the bridge and
the agraffe. The length of the wire between the the bridge and
the agraffe is called the speaking length. The speaking length is
the part of the wire that resonates. The point of the wire struck
by the hammer is displaced perpendicularly to the wire’s
length. A standing wave described by Equation | is generated
by the hammer strike, where v is the velocity, T is the tension
in the wire, and 1 is the mass per unit length of the wire.

T

v=_|—

Tl

Equation 1 Velocity of a wave on a piano wire

Different notes are created by using wires of different
lengths, and masses. Most piano strings are actually three
parallel wires; however, some lower notes are made by two or
even a single wire.

Tuning a piano involves adjustment of the tension in the
wires until just the right pitch is achieved. Correct pitch is
achieved by listening to the beat frequency between the piano
and a precalibrated tuning fork.

128. A piano wire with a speaking length of 120 cm is dis-
placed 0.5 cm when struck by the piano hammer. What is
the length of the first harmonic resonating through the
wire?

A, o60cm
B 120 em
C. 180 cm
D. 240cm

129. A pianc with which of the following properties would

deliver a note with the lowest pitch?

A. 100 cm speaking length; 800 N tension;
B. 120 cm speaking length; 800 N tension;
C. 100 cm speaking length; 700 N tension;
D. 120 cm speaking length; 700 N tension;

130. The following are characteristics of a wave on a piano
wire. Doubling which one will have the LEAST effect on

the intensity of the sound produced?

A,

B. period

C. speaking length
D. amplitude
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131. A piano note is compared to a tuning fork vibrating at 440
Hz. Three beats per second are discerned by the piano
tuner, When the tension in the string is increased slightly,
the beat frequency increases. What was the initial fre-
quency of the piano wire?

A, 434 Hz
B. 437Hz
C. 443 Hz
D. 440Hz
132, Sound waves move through air at approximately 340 m/s.

A piano wire with a 90 cm speaking length resonates at a
frequency of 360 Hz. What is the wavelength of the
resulting sound wave?

A, 094 m
B. 1.06m
C. 4m
D. 40m
133. The wave on a piano wire is NOT an example of a:
A, transverse wave.
B. longitudinal wave.
C. standing wave.
D. aharmonic wave.
134. I, when the hammer strikes the piano wire, the displace-

ment of the wire increases, which of the following
properties of the wave on the wire also increases?

A.  the frequency
B. the wavelength
C. the amplitude
D. the velocity

GO ON TO THE NEXT PAGE.
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Questions 135 through 138 are NOT based on a
descriptive passage.

135, A 5 kg mass bounces in simple harmonic motion at the

end of a spring. At which point is the acceleration of the
mass the greatest?

A. When the spring is tully compressed and when the
spring is fully extended.

B. When the spring is at its rest length.

C. When the spring is halfway between its rest length
and its fully extended or compressed length.

D. The acceleration is constant.

136. Two waves are traveling toward each other on the same

string. If wave A has an amplitude of 3 cm and a wave-
length of 10 cm, and wave B has an amplitude and
wavelength twice that of wave A, what will be the
maximum displacement of the siring when the waves
interfere with each other?

A, Ocm
B. 3cm
C. 6cm
D. 9cm

137. The period T of a pendulum is given by:

T—QTC\/Z
g

where L is the length and ¢ is the free fall acceleration
near the surface of the earth. In order to increase the
period of a pendulum by 42%, the length must be:

decreased by 51%
decreased by 20%
increased by 42%

increased by 102%

FORP
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138. Identical wine glasses A and B contain water. If gently
struck with a spoon the water and the glass will vibrate at
the same frequency. Which glass will ring at the higher

pitch when struck?
A B

A. glass B because more air in the glass will create res-
onance at a longer wavelength

B. glass B because Iess water in the glass results in less
inertia which allows the glass to vibrate at a higher
frequency

C. glass A because less air in the glass will create res-
onance at a shorter wavelength

D. glass A because more water in the glass lowers the
frequency at which the glass can vibrate

STOP IF YOU FINISH BEFORE TIME IS CALLED, CHECK
YOUR WORK. YOU MAY GO BACK TO ANY QUESTION
IN THIS TEST BOOKLET.

STOP.
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Passage | {Questions 139-145)

If the velocity of a charged particle moving through a
uniform magnetic field has a component parallel to that field
the particle will move in a helical path as shown in Figure 1.
The net force F on the particle can be described by the equa-
tion:

F = gvBsinB

where ¢ is the charge on the particie, v is the velocity of the
charge, B is the magnetic field strength, and 0 is the angle
between the velocity and the magnetic field. The pitch p of the
helix is the distance between adjacent turns, The radius r of the
helix is determined by the component of velocity of the charge
perpendicular to the magnetic field and is independent of the
component of the velocity parallel to the magnetic field.

F S

B

g+

Figure 1 Path of a charged particle
moving through a uniform magnetic field

A nonuniform magnetic field that is stronger at its ends than
at its middle can trap a charged particle by reflecting it back and
forth between its ends. Such a situation is shown in Figure 2.

Copyright © 2007 Examkrackers, Inc.

198

In a similar phenomenon electrons and protons above the
atmosphere are reflected back and forth between the north and
south poles of the earth’s magnetic field forming the two Van
Allen belts high above the atmosphere. Occasionally a solar
flare shoots additional electrons and protons into the Van Allen
belts creating an electric field at the point where the electrons
normally reflect. The electric field diives the electrons along
the earth’s magnetic field lines into the atmosphere where they
collide with the electrons of air molecules forcing them to a
higher energy level. The energized electrons quickly drop back
to their lower energy level emitting photons. Oxygen atoms
emit green light and nitrogen atoms emit pink light. This light
forms the curtain of lights in the sky known in the northern
hemisphere as the aurora borealis and in the southern hemi-
sphere as the aurora australis.

- - -- magnetic field
—— path of charged particle

Figure 2 Path of a charged particle trapped
in a changing magnetic field

139, If the magnetic field in Figure 2 represents a portion of
the Earth’s magnetic field, at which labelled point would
you expect to find the aurora borealis?

=Rl
N~ Mg

140. Which of the following most accurately describes the
change in the pitch and period of the helical path traveled
by a negatively charged particle moving through a mag-

netic field that is gradually strengthening?

A. The pitch increases and the period decreases.

B. The pitch increases and the period increases.

C. The pitch decreases and the period remains the
same., :

D. Both the piich and the period decrease.

GO ON TO THE NEXT PAGE.



141.

142.

143.

The diagram below shows five paths travelled by charged
particles through a uniforrn magnetic field. If path X is
the path of a proton, which path would most closely rep-
resent the path of an electron moving with the same
speed?

TaFp
TNw e

If the following particles move at the same speed and
travel a helical path through a magnetic field which one is
likely to experience the greatest net force?

a proton with a pitch p

an electron with a pitch 2p

an alpha particle with a pitch p
an alpha particle with a pitch 2p

EOFEp

The electrons and protons caught in the Van Allen belts
reflect from one pole to the other. Looking up from the
North pole, electrons rotate counterclockwise. Protons
rotate:

A, counterclockwise both when looking up from the
North Pole or when locking up from the South Pole.

B. clockwise both when looking up from the North
Pole or when looking up from the South Pole.

C. clockwise when looking up from the North Pole but
counterclockwise when looking up from the South
Pole.

D.  counterclockwise when looking up from the North
Pole but clockwise when looking up from the South
Pole.
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Which of the following most accurately describes the
work done by the Earth’s magnetic field on an electron
trapped in the Van Allen belts?

A. No work is done because the force is always per-
pendicular to the motion of the electron.

B. Work is done only by the component of the field
that is parallel to the velocity of the electron.

C.  Work is done only by the component of the mag-
netic field that is perpendicular to the velocity of the
electron.

D. The work done is equal to the force on the electron
times the distance traveled by the electron.

In order for the Van Allen belts to form, the magnetic field
created by the earth must be:

weakest near the North Pole.
weakest near the South Pole.
weakest around the equator.

the same strength throughout.

FOoRP>
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Passage |l (Questions 146-151)

Under normal conditions an electric field exists in the air
near the surface of the Earth with an average strength of
approximately 100 V/m. Since the human body is a relatively
good conductor of electricity it remains at the same potential as
the ground and the electric field in the air adjusts around the
bedy accordingly as shown in Figure 1.

The atmosphere is about 50,000 m deep and the total poten-
tial difference between the ground and the top of the

+300 V

+200 V O

+100V [ ]
ov I

atmosphere is approximately 400,000 V. Air is a poor conduc-
tor and thus the average current is only about 107'? A/m?.

A lightming strike occurs when the bottom of a cloud has a
negative electric charge that is greater than the negative charge
below it on the ground. This temporanly reverses the electric
field between the ground and the cloud, allowing electrons to
flow from the cloud to the ground. The current in a lightning
strike is about 10,000 amperes and a typical strike will deliver
a charge of 20 coulombs.

Figure 1 Potential gradient near the surface of the earth

146. The electric potential of the ground was measured at the
top of a hill. If the height of the hill is 20 meters above
the level of the surrounding plain, what will be the meas-
ured voltage?

A, OV
B. 5V
C. 200V
D. 2000V
147. 147. What is the approximate duration of the lighming
strike described in the passage?
A. 2 seconds
B. 0.5 seconds
C. 2x 107 seconds
D. 5 x 107 seconds
148. What is the average resistance of the atmosphere?
. 00mH
4 {Ym?)

4 x 107 Q(m®
4% 10" Q{m*

Sawp
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149. Which of the following best describes the electric field
vectors above a flat plain at the Earth's surface?

A, perpendicular to the ground and pointing upward
B. perpendicular to the ground and pointing downward
C. parallel to the ground and pointing notth
D. parallel io the ground and pointing south

150. If the total electric current reaching the Earth’s surface is
nearly constant at 1800 A, approximately how much elec-
trical energy is dissipated each second by the
atmosphere?
A, 4x107]
B. 4x10°J
C. 72x10°]
D. 13x10™"7

151. Which of the following describes the direction of current

flow during a lighting strike?

A. From a cloud at high potential to the ground at
lower potential.

B. From a cloud at low potential to the ground at
higher potential.

C. From the ground at high potential to a cloud at
lower potential.

D. From the ground at low potential to a cloud at

higher potential.

GO ON TO THE NEXT PAGE.



Passage lll (Questions 152-157)

In 18379 Edwin Hall demonstrated that conducting electrons
in a copper wire are deflected by a magnetic field. This
phenomenon is now known as the Hall effect. The Hall effect
also predicts the charge of the conduction carriers inside the
copper wire.

To demonstrate the Hall effect a copper strip carrying a
current { 1s placed in a magnetic field with field strength B
directed into the page as shown in Figure 1. The magnetic field
and the average velocity of the electrons v result in a force
which pushes the electrons to one side of the copper strip. This
in turn creates an electric field £ inside the strip which pushes
the electrons in the opposite direction. An equilibriem quickly
builds up to where the force on the electrons due to E and B are
equal and in opposite directions. The Hall potential difference
V is proportional to the strip width  and can be measured with
a volumeter.

‘When the electric and magnetic forces are in balance the
number density of charge carriers 7 (number of electrons per
unit volume) is given by the following equation:

r = (Bi)(Vie)
where ¢ 1s the charge on one electron and { is the thickness of

the strip and equals the cross-sectional area divided by the strip
width; [ = Asd.

X X X

X X X

W—d—n

Figure 1 Electrons moving through
a copper strip in a magnetic field

The average velocity of the electrons can also be measured
using the Hall effect. If the copper strip is moved in a direction
opposite to the electron velocity, the Hall potential difference
will be zero when the strip velocity equals the eleciron veloc-

ity. {¢ = 1.60 x 10 C)
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152, To Figure 1, the force on the moving electron due to the
magnetic field is in which direction?

A. to the left

B. to the right

C. into the page

D. toward the 1op of the page

153. Which of the following will be true if the direction of the
magnetic field in Figure 1 is reversed and the systern is
allowed to establish equilibrium?

A. The electric field £ will be reversed.

B. The electron velocity v will be reversed.

C. The Hall potential difference will be zero.

D. The magnetic field in Figure [ cannot be reversed
because the current creates a magnetic field directed
into the page.

154. Which of the following is true when the copper sirip in
Figure 1 is moved in the direction opposite to the elctrons
with a velocity greater than the average electron velocity
v?

A. The electric field E is equal to the magretic field B.

B. The electric field E is in the opposite direction of
the electric field in Figure 1.

C. The magnetic field B is in the opposite direction of
the magnetic field in Figure 1.

D. The Hall potential difference will be zero.

155. If the copper strip is held stationary, the net force on the

copper Strip is:

78T0.
directed into the page.
directed to the right.
directed to the left.

TOFEr

GO ON TO THE NEXT PAGE.
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156. If an electron were to break free from the surface of the
copper strip, which of the following would most accu-
rately represent its path from the moment it breaks free?

A, C.

/—b

157. Which of the following describes the Hall potential dif-
ference where R is the effective resistance of the copper

strip?

evB
iR
evi
Ed

eorp
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Questions 158 through 161 are NOT based on a

descriptive passage.

158. The capacitor shown below is fully charged. Both resis-
tors have a 282 resistance. When the switch is opened,
what is the initial corrent through resistor A?

| I 0 T i
A, 2A
B. 3A
C. 6A
D. 12A

159. What is the charge on the capacitor in the circuit below
after the circuit has been on a long time?

12V —— = = 1 uF
A
i
20
A, 12x107°C
B. 25xI10°C
C. 60x10°C
D. 17x107C

GO ON TO THE NEXT PAGE.



160. Charges A, B, C, and D are charged particles forming a 161. A particle possessing a charge of +2 Cand amassof 1 g

square as shown. A and D have a charge of +2 C; B and is exposed to an electric field with strength 5 N/C. How
C have a charge of 4 C. If g is a particle with a charge of far will the particle move in 10 seconds?
+1 sitting directly in the middle of the square, what is the A 1% 10° m
 laeh .
net force on g due to the other particles? B. 2% 10°m
C. 5x10¥m "
A B D. Ix10'm £
E
W
&
o
STOP IF YOU FINISH BEFORE TIME IS CALLED, CHECK
C D YOUR WORK. YOU MAY GO BACK TO ANY QUESTION
) IN THIS TEST BOOKLET.
A, ON
B. IN
C. 14N
D. 4N
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Passage | (Questions 162-167)

A physicist performed the following experiments to investi-
gate the wave nature of light.

Experiment 1: Single Slit

Monochromatic light with frequency f is incident on a
diaphragm in which there is a single slit of width W. The light
shining through the slit falls on a detector located a distance
to the right of the slit. D is much greater than W. The detector
measures the energy delivered by the scattered wave as a func-
tion of the distance x. The entire apparatus is shown n Figure .

Figure 1 Single slit apparatus
(not drawn to scale)

The light falling on the detector reveals a series of dark and
light fringes. These results are shown in Figure 2.

I

wsin@

3L 2% -k o A 26 3A

Figure 2 Intensity vs. w sin® for Experiment 1

The intensity at any given point near the center of the detec-
tor is a function of the phase difference ¢ between the rays at
the 1op and botiom of the slit the moment they strike the same
point on the detector. The intensity is given by the following
equation:

{ =1 (sin 20)/'20

where [ is the intensity of light striking the detector directly
across from the slit.
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Experiment 2: Double Slit

[n Experiment 2 another slit also of width W is made in the
diaphragm at a distance s from the first shit and the diaphragm
is recentered as shown in Figure 3. 5 is Jarge compared to the
wavelength of light A. Again the physicist shines a monochro-
matic beam of light of frequency f on the diaphragm. This time
a different {ringe pattern forms. The results of Experiment 2 are
shown in Figure 4.

Pl b
<

Figure 3 Double slit apparatus
{not drawn to scale)

s sin
< 2w »

Figure 4 Intensity vs. s sin@ for Experiment 2

The intensity striking near the center of the diaphragm in
Experiment 2 is given by the following equation:

1, = 41_cos™('fy)
where W is the phase difference between rays of light from the

different slits the moment they strike the detector at the point in
question.

GO ON TO THE NEXT PAGE.



162.

163.

164.

165,

What wave phenomenon or phenomena are demonstrated
by the two experiments?

A. Experiment 1 demonstrates only interference and
Experiment 2 only diffraction.

B. Experiment | demonstrates only diffraction and
Experiment 2 only interference.

C. Both experiments demonstrate interference and dif-
fraction.

D. Neither experiment demonstrates interference or
diffraction.

In Experiment | which of the following equations repre-
sents the time necessary for light to travel from the slit to
any point on the detector? (¢ = speed of light)

A.  x/csinO

B, xic

C.  Dlesing

D. Dic

If light were purely a particle phenomenon which of the

following would best describe the results the physicist
could expect from either experiment?

The graph in Figure 2 would have more peaks.
The graph in Figure 4 would have more peaks.
The graph in Figure 2 would have 1 peak.
The graph in Figure 4 would have [ peak.

SReRN'S

If white light were used in Experiment 1 the outermost
fringes of light on the detector would appear:

blue
red
white
green

TnFEp
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166.

167.

If the same light source is used for both experiments, the
brightest fringe in Experiment 2 will have an intensity:

A. half as great as the brightest fringe in Experiment 1.

B. equal to the brightest fringe in Experiment 1.

C. twice as great as the brightest fringe in Experiment
1.

D. four times as great as the brightest fringe in
Experiment 1.

If the amplitude of the light wave in Figure 1 were
doubled, which of the following would be true?

A. I would increase by a factor of 2.

B. I would increase by a factor of 4.

C. The distance between the peaks in Figure 2 would
increase by a factor of 2.

D. The distance between the peaks in Figure 2 would
decrease by a factor of 2.

GO ON TO THE NEXT PAGE.
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Passage Il {Questions 168-174)

The compound microscope (Figure 1) uses two convex
lenses in order to magnify small objects at short distances. The
lens nearest the object is called the objective; the lens nearest
the observer is called the ecular or evepiece. The distance
between the two lenses minus the sum of the magnitudes of
their focal lengths is called the tube length L.

Figure 1 A compound microscope

1If a small object is placed just outside the focal point of the
objective, an enlarged image 1s formed just inside the focal
point of the eyepiece. The lateral magnification m, of this

image is given by the equation:

where f, is the focal length of the objective.

The eyepiece acts as a sinple magnifier on the image formed
by the objective. The angular magnification of the eyepiece M,

is given by the equation:

M, = _25cm
fﬂ

where f, is the focal length of the eyepiece, and 25 cm is the
closest point to the eye for which a sharp image may be formed,;
this distance is called the near point or the distance of most
distinct vision.

The total magnification of the microscope is given by the
product of the lateral magnification of the objective and the
angular magnification of the eyepiece.

M

total = moM e
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168. A certain compound microscope magnifies an image
1200 times. If the eyepiece is replaced with a lens with
twice the power, the image will be magnified by a factor

of:

A. 600

B. 1300

C. 2400

D. 4800

169. The image of the object in Figure 1 created by the objec-
tive 1s:

A. virtual and inverted

B. virtwal and upright

C. real and upright

D. real and inverted

170. If the eyepiece on a compound microscope has a power of

25 diopters, what is the focal length of the eyepiece?

A. 025cm

B. -025cm

C. 4cm

D. 4cm

171. A 2 mm object is magnified 500 times by a compound
microscope. The magnitudes of the focal lengths of the
eyepiece and the objective are 1 cm and 0.5 cm respec-
tively. What is the distance between the two lenses when
the object is in focus?

A, 85cm

B. 100cm

C. 1ll5cm

D. I50cm

172. What would happen if the object were placed just inside
the focal point of the objective?

A. The objective would form a virtual, upright image
of the object on the ohject side of the lens.

B. The objective would form a virtual, upright image
of the object on the side of the lens opposite to the
object.

C. The objective would form a real, inverted image of
the object beyond the eyepiece.

D.  The objective would form a real, inverted image of
the object behind the object.

GO ON TO THE NEXT PAGE.



173. The word ‘READ" is placed under the microscopic in the
upright position. Which of the following represents the
word when viewed through the microscope?

READ
EEVD
avdayd
aAHA

=l s

174. Which of the following describes how a compound

microscope magnifies an tmage?

A. Light reflects off an object and diffracts throngh the
lenses.

B. Light disperses off an object and reflects through
the lenses.

C. Light reflects off an object and refracts through the
lenses.

. Light refracts off an object and reflects through the
lenses.
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Passage lll (Questions 175-180)

A refracting telescope can be made from two convex lenses
scparated by a tube length 5. The focal points of the two lenses
must cotncide in order for the telescope to focus on distant
abjects. Although Figure | shows two simple lenses, in prac-
tice, each lens is usually a compound lens. The lens nearer the
observer is called the eyepiece, and the other lens is called the
objective.

objective eyepiece

y N

e
|
\
2"4'1
o
o= _’_I___ =

Figure 1 A telescope

The angular magnification of a telescope is given by the
following equation:

f obj

f ey

M=

where f is the focal distance of the respective lenses.

Since a telescope 1s used to view distant objects, it requires
light-gathering power. Light-gathering power determines how
bright the image will be, and is mncreased by increasing the
diameter of the objective. Resolving power, the ability to distin-
guish between two distant points, is also important for a
telescope.

Refracting telescopes may have two flaws, spherical and
chromaftic aberration. Spherical aberration results in a blurred
image because true spherical lenses do not focus all parallel
light rays exactly on the focal point. This can be fixed by using
parabolic lenses. Chromatic aberration occurs because different
wavelengths refract at different angles.

175. Which of the fellowing must be truc in order for a refract-
ing telescope 1o magnify distant images?

A. The focal length of the eyepiece must be greater
than the focal length of the objective.

B. The focal length of the objective must be greater
than the focal length of the eyepiece.

C. Only the eyepiece must be a compound lens.

D. Both the eyepiece and the objective must be com-
pound lenses.

GO ON TO THE NEXT PAGE.
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176.

177.

178.

179.

‘Where will the objective form the image of a very distant
object?

A. in front of the objective

B. behind the objective but in front of the focal point of
the objective

C. at the focal point of the objective

D.  behind the eyepiece

If all lenses shown below are made from the same type of
zlass, which lens will have the greatest positive power in
diopters?

A. O C. O

B. z Z D. K '

Which of the following helps to explain chromatic aber-
ration in a refracting telescope?

A.  When light enters the lens, the frequency is lowered
in a greater proportion for blue light than for red
light.

B. When light enters the lens, the wavelength is short-
ened in a greater proportion for red light than for
blue light. -

C. When light enters the lens, the wavelength s length-
ened in a greater proportion for blue light than for
red light.

D. When light enters the lens, the wavelength is short-
ened in a greater proportion for blue light than for
red light.

If the eyepiece of the telescope shown in Figure 1 has a
power of 100 diopters, and the magnification of the tele-
scope is —9, what is the focal length of the objective?

A. 9cm
B. -9cm
C. 10m
D. -10m
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180. If the space between the lenses in the telescope in Figure

1 were filled with water, which of the following changes
to the tube length would bring the image back into focus.
(index of refraction for glass = 1.5, index of refraction for
water = 1.3, index of refraction for air = 1)

A. increasing the tube length to compensate for the
longer focal lengths of the lenses in water

B. increasing the tube length to compensate for the in-
creased power of each lens

C. decreasing the tube length to compensate for the de-
crease in focal lengths of the lenses in water

D.  decreasing the tube length to compensate for the de-
creased power of each lens

GO ON TO THE NEXT PAGE.



184. On a hot day, a driver on the highway may see a mirage
that appears as a puddle of water far ahead on the hot
pavement. The mirage is actually a virtval image of the
sky caused by light rays bending as shown below. Which
of the following helps o explain the formation of the

Questions 181 through 184 are NOT based on a
descriptive passage.

181. Although waves in the open ocean propagate in all direc- mirage?
tions, waves washing into any shore usuvally move nearly o
perpendicular to the shore. Which of the following best Light ray E
explains the reason for this phenomenon? o
warm ar s o
A. The shallow water decreases the speed of the waves warmer air mirace o
causing them fo refract. | Hot pavement ) ‘ =
B. The shallow water increases the speed of the waves
causing them fo refract. A. Hot pavement is an efficient reflector.
C. The shallow water decreases the speed of the waves B. The thin layer of warmer air acts as an aperture
causing them to diffract. through which tight diffracts.

D. The shallow water increases the speed of the waves

- : As air warms the speed of light decreases.
causing them to diffract.

As atr warms the speed of light increases.

&0

182. A mirror has a radius of curvature of § cm and makes a
real inverted image 20 cm from its surface. Where is the

object?

A, 4dem STOP IF YOU FINISH BEFORE TIME IS CALLED, CHECK

B. 5cm YOUR WQORK. YOU MAY GO BACK TO ANY QUESTION
IN THIS TEST BOOKLET.

C. 10cm

D. 20cm

183. A 3 cm object is placed 15 cim in front of a convex mirror.
The image forms 5 cm behind the mirror. How big is the

image?

A. 1lcm
B 3 cm
C. 5c¢m
D. 9cm
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EXPLANATIONS TO IN-CLASS EXAM FOR LECTURE 1

Passage |

1.

D is correct. The value x in the equation gives the distance the projectile would travel in the absence of air re-
sistance. Like all frictional forces, air resistance creates a force in the opposite direction of motion, so Zacchini
should expect to fly a shorter distance than x.

C is correct. The passage says that it is the “propulsion” that causes the loss of consciousness. In other words,
the force on Zacchini causes him to accelerate at a rate so great that he loses consciousness.

D is correct. Total energy is conserved throughout the flight. At maximum height gravitational potential energy
mgh is maximized, so kinetic energy /2 mv” is minimized.

B is correct. The vertical component is vsin6 or 27 x 0.8.

A is correct. While in the cannon the acceleration is so great that it makes him unconscious. While in the can-
non muzzle, Zacchini goes from zero velocity to maximum velocity. This is the greatest change in velocity in
the shortest distance or time. Acceleration is rate of change in velocity.

B is correct. For a projectile without air resistance, the range is maximized at 45°. This is a fact that you should
memeorize for the MCAT. Subtracting or adding to the angle of trajectory from 45° by equal amounts results in
equal ranges. For instance, 30° and 60° are both 15° from 45° and result in the same range.

Passage Il

7.

10.

11.

12.

B is correct. Without air resistance, both Jim and the ball will acceler-
ate downward at the same rate, 10 m/s*. This is the same situation
as if Tom and Jim were two astronauts in a spaceship orbiting earth. —
An orbiting spaceship and everything inside it fall toward earth at
the same rate. Everything in the spaceship appears to float from
the perspective of the two astronauts, Tom and Jim. In this case,
it is obvigus that Tom should throw the ball directly at Jim. In
the diagram shown on the left, the ball moves with a constant
horizontal velocity, and both Jim and the ball accelerate down-
ward at the same rate. Notice that the ball moves along a = A
straight line with respect to Jim, but moves in a parabolic

path with respect to Tom. At every moment, the ball appears to Jim as if it
were coming straight toward him along the dotted line. This effect is inde-
pendent of the speed of the ball, and independent of where Jim catches the ball.

Jim

B is correct. The equation is x = '/2g#. x equals 10 m. You should probably know without cal-
culating that an object starting from rest falls 5 m in one second and 20 meters in two seconds.

D is correct. The velocity of a projectile experiencing no air resistance is independent of its mass.

B is correct. Only vertical velocity dictates the time of flight for a projectile. When Jim throws the ball from the
board, both [im and the ball have an initial vertical velocity of zero. Again, the velocity of a projectile experi-
encing no air resistance is independent of its mass.

B is correct. Look at the diagram for question 7. Jim will travel a vertical distance of 10 m starting from zero
m/s and constantly accelerating. The ball will start with an initial vertical velocity upward, slow to zero, and
then reverse direction to arrive at the same point and at the same time as Jim. Thus the ball could not possibly
travel as far as Jim. 10 m and 5 m are out. The ball definitely rises above 0 m. Thus B is correct. Another way to
figure this out is to recognize that Jim’s {rip requires 1.4 seconds (see question 8). This means that the ball must
reach its peak at 0.7 seconds due to the symmetry of projectile motion. From the formula x = '/2¢+* we have ap-
proximately 2.5 m.

A is correct. Since Tom's fall lasts 1.4 seconds, the ball’s flight also lasts 1.4 seconds. (See question 8. Tom’s flight
time is the same as Jim's. Mass is irrelevant; they have the same initial vertical velocity.) The distance traveled
by the ball is its horizontal velocity (10 m/s from the passage) times its flight time. This is 14 m. Notice that the
edge of the pool is already 10 m from the board, so the answer is four meters.
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13.

- MCAT PHvysICS

B is correct. Mass is irrelevant to the path of a projectile experiencing no air resistance. Now, in order to achieve
that velocity, Tom must use more force on the 2 kg ball, but that’s a different question.

Passage lll

14.

15.

16.

17.
18.
19.

C is correct. This can be deduced from any trial, but the easiest is from the (° trial. Since the vertical velocity is
zero in this trial, the height is found from the equation x = '/2g#. This gives x = 10 m.

D is correct. Since the projectile starts from a height of 10 meters, it reaches a maximum velocity just before it
strikes the ground: potential energy turns to kinetic energy. Table 1 shows us that A is wrong. B is wrong be-
cause if we fire the projectile straight up, it will have zero horizontal displacement but maximum height.

C is correct. Again, the first trial is the easiest to examine. From the first trial, we have 4 = v{, which gives us v
=10 m/s.

D is correct. This should be intuitive. vsin® = ,{2gh . Sin 90° is 1, so & is maximized at 90 degrees.
A is correct. This is the only graph that isn’t zero when 0 is zero.

D is correct. The distance through the air is not the horizontal displacement. This is best solved by process of
elimination: A is wrong because only vertical velocity is zero at maximum height. B is wrong because acceler-
ation was constant for all projectiles. C is wrong because only the velocity changed at a constant rate; as the
projectile climbed, speed decreased; as it fell, speed increased.

Stand Alcones

20.
21.

22,
23.

B is correct. Use units. 1 m/s + 2 strides/s = '/=m/stride

B is correct. The atmosphere will create air resistance, shortening the path of the ball, and the gravity will re-
duce the time of flight, also shortening the path of the ball.

C is correct. Only the vertical velocity affects the time in flight of a projectile experiencing no air resistance.

D is correct. The velocity is proportional to the square root of the initial height of a ball rolling down an inclined
plane: v* = 2ax or v = @ . The ball falls twice as far in the second trial. Thus the ball has 2 times the velocity.
Eliminate A by taking the example to extremes. If the ball falls straight down, it will obviously take less time to
travel one meter than if the ball rolls down at a very slight angle, Displacement is a vector; direction matters,
so B is wrong. C is wrong because the acceleration down an inclined plane is gsind. You also should have
known C is wrong because if A is wrong, speed is distance over time, so C would be wrong as well.

EXPLANATIONS TO IN-CLASS EXAM FOR LECTURE 2

Passage |

24.

25.

26.

27.
28.

B is correct. B and D are opposites so one must be the false statement. The larger the radius of curvature, the
straighter the curve. A straight line would require no bank angle. (Radius of curvature is discussed in Physics
Lecture 8)

A is correct. Friction is always parallel to the surfaces that create it, and it always opposes sliding motion be-
tween the two surfaces. In this case, the car is going very fast and, if the bank were made of ice (had no friction),
the car would slide up the bank. The friction is static because the vehicle has no motion relative to the bank in
the direction of friction (i.e., the tires do not slide along the pavement).

A is correct. If we were to draw a circle circumscribing the path of the car, arrow B would point to the center of
that circle. The centripetal force always points to the center of the circle.

A is correct. A stationary object experiences no net force. We will discuss this more in Physics Lecture 3.

D is correct. Centripetal force is given by F, = mv’/r. Doubling v requires that F quadruples.
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B is correct. Since there is no vertical acceleration, the net vertical force would have to be zero (F = ina). The
only vertical force downward would be the weight of the vehicle, so the frictional force would have to be equal

_and opposite. The normal force is the centripetal force of the wall on the vehicle. The car must be moving fast

enough for the fricional force to be equal to gravity. So f, = BN = pme?/r. ugno* /v = mg.

C is correct. The mass of the vehicles will not affect the required bank angle because the centripetal force, the
frictional force and the force down the incline due to gravity are all proportional to mass. A greater speed limit
on the curves would require a greater bank angle int order to keep the cars from sliding off the road.

Passage Il

31

32.

34.

35.
36.

37.

A is correct. As long as there are no resisting forces like friction, the centripetal force will always have the same
magnitude and will always be perpendicular to the spaceship’s motion, so the speed of the spaceship will never
change. The ship will continue to travel with the motion dictated by the equation in the passage unless another
force causes it to change.

D is correct. The passage says the ship is pressurized, thus there are air mojecules in the ship. The passage also
says that there is air in the cabin. The man has his helmet off and is still alive so there must be air in the ship.
Air molecules create air resistance, which will slow any projectile. The gravity of the planet acts equally on the
ship, the astronaut, and the projectile, so relative to the astronaut, the bag will move along a straight line.

D is correct. The bag will move in a straight line relative to the astronaut. (See question 32.)

B is correct. ¢ = dfv. Convert seconds to hours. You must know that radio waves are electromagnetic, and elec-
tromagnetic waves move at the speed of light or 3 x 10° m/s.

A is correct. Centripetal force equals gravitational force. GmM/r” = mv’ /r. Thus ©* Is inversely proportional to 7.

A is correct. Their orbits are related only to their velocities because both gravitational and centripetal force are
proportional to mass. (See the equation in question 35.)

D is correct. A pendulum is propelled by gravity. Since the clock is in free fall the entire apparatus is propelled
by gravity and the pendulum would not fall faster than the apparatus from which it is hanging.

Passage I

38.

39.

D is correct. Light travels 3 x 10° m each second, so a light second is equal to 3 x 10° m. The distance in light
seconds is the orbital radius of the moon {found in Table 1), converted to meters (384,400,000 m), divided by
meters per light second (3 x 10° m/light second). Using scientific notation, this comes out to something slightly
greater than 1. '

C is correct. The passage states that the same side of the moon always faces the earth and that the moon moves
around the earth once every 27.3 days. Thus the moon revolves once on its axis every 27.3 days. Yes, you prob-
ably would be expected to know what defines a day on a given planet.

C is correct. These are not lengthy calculations, so use your pencil! To solve this problem we set the gravita-
tional force of the sun on the earth equal to the centripetal force.

F = G M&mmmﬂh

2
v
= —
rl ] earth ¥
orAtal

solving for v we get:
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41.

42,

MCAT Prysics

Cis correct. The quickest way to solve this problem is by proportions. The radius of the earth is a little less than
4 times as large as the radius of the moon. According to F = Gmm/r’, this would lead to an increase in relative
gravity on the moon by a factor of something less than 16. From Table 1 we see that the earth is about 80 times
more massive than the moon. This would lead to a decrease in relative gravity on the moon by a factor of 80.
Multiplying the man’s weight on the earth (1000 N) by 16 and dividing by 80 we get: 16,000/80 = 200 N. This
is easily closest to 170. Don’t be afraid to round off. OR, you can solve this problem the long way: From Table
1, plug into F = Gmm/r* for the moon and solve.

A is correct. This is Newton’s 3rd law: For every force there is an FQUAL and opposite force.

Stand Alones

43.

44.
45,

46.

C is correct. Just as if we suspended a 200 kg mass from the rope, the ceiling would pull upward with a force
of 2000 newtons and the mass would pull downward with 2000 newtons, but the tension in the rope would sfill
be mg or 2000 newtons.

A is correct. Since there is no acceleration, the net force is zero.

A is correct. From the F = Gmm/r* equation, we know that the weight is reduced by increasing r. The flattened
shape of the earth makes the equator further from the center of gravity of the earth. Secondly, if there were no
gravity, objects along the equator would be thrown away from the earth by the centrifugal force. More precisely,
they would continue straight in the direction of their present velocity instead of turning with the earth’s sur-
face. Thus, some of the force of gravity is used up as centripetal force to turn the direction of the velocity of the
objects. This results in a decrease in the weight of the object.

D is correct. F = -kx and F = mg. Thus mg = -kx. Ignore the negative which only indicates that the force is in the
opposite direction of the displacement. 5 x 10 = 0.1k,

EXPLANATIONS TO IN-CLASS EXAM FOR LECTURE 3

Passage |

47,

48.
49.

50.

C is correct. Lach revolution moves Puncho 2nr meters, which equals 0.5 m/revolution. If we examine the
units, we see that dividing the velocity 10 m./s by 0.5m m/rev gives us 20/x revolutions/second. The question
asks for revolutions in one second, so the answer is 20/ revolutions.

A is correct. Since the pole is stationary, the net torque must be zero Newton meters.

B is correct. As shown by the equations below, the angle is related to the mass of Puncho and the tension in the
rope, and is not related to the length of rope.

mg = T,5in6, = T,sind,
Tcos6, = T,cosd,

B is correct. Since gravity is the only force acting on a ball while it is in the air, and because gravity is a con-
servative force, while in the air, the total energy of each ball remains constant. Each ball has an energy equal to
the initial kinetic energy given to it by Puncho, '/2mv* = 25 ]. Five balls gives a total energy of 125 J. Or each ball
has an energy equal to the maximum potential energy which is PE. = mgh = 0.5 x 10 x 5 = 25 ]. Five balls gives
a total energy of 125 ]
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B is correct. When Puncho is on his unicycle, he doesn’t want to move laterally. Inertia is the tendency for an
object to resist change in its present state of motion. Mass is a measure of inertia, so a massive pole increases
inertia. As an object’s mass is spread from its center of gravity, more torque is required to rotate that object; its
rotational inertia is increased.

Passage Il

52.

55.

56.

57.

58.

D is correct. There is an mitial net force, and all the forces involved are constant, so the acceleration is constant.
Acceleration means no equilibrium. The mass does not achieve equilibrium regardless of how long it falls; it al-
ways accelerates.

B is correct. Think of the exireme case. If the mass m is much, much larger than 0.1 kg, the greatest acceleration
is still only equal to g =10 m/s” In order to accelerate 0.1 kg at the rate of g, we would only need 1 N of ten-
sion in the string. (F = ma)

A is correct. The mass in Experiment 1 is in static equilibrium; there is no net force.

A is correct. Mass m would fall at a rate of g = 10 m/s% Any tension in the string would slow this rate and mass
m would no longer be in free fall. The tension in the string must be zero.

D is correct. The forces on the block are constant, so, from F = 4, so is the acceleration. The block does accel-
erate because tension had to overcame static friction to move the block initially. Kinetic friction is weaker than
static friction, so the tension must be greater than kinetic friction.

B is correct. Friction is a force opposing motion, which is in the opposite direction of tension, increasing the ten-
sion. Changing mass m does not change the friction. The friction is given by f= LN, where N is the normal force
which in this case is the weight of the 0.1 kg block.

A is correct. You should use Table 2 to figure this out quickly. You can see from the table that there is not a lin-
ear relationship between mass m and tension T. From trial 1 to 3 the mass was doubled increasing the tension
by 0.17 N; from trial 2 to 4 the mass was doubled increasing the tension by 0.15 N. Thus, you would expect that
if we double the mass of trial 3 we would get an increase in tension of less than 0.15 N. A is the only answer
that satisfies this criterion.

Trial n T

tkg) | ND

0.1¢ | 0.50- _
0.15 | 0.604 0,17 N increase

0.20 | 0.67€ 0.15 N increase

0.30 0.75 € Increase should be less than 0.15 N
50 T should be less than 0.83.

SN U N

The long way to figure this out is as follows: Assuming no friction, first look at the 0.1 kg mass. T=ma =>T
= 0.1a. For the other block mg =T + ma => 0.4(10) = T + 0.44. Putting both equations together we get 0.4(10)
=T+04(T/01) => 4=5T => T=4/5=08. :

Passage Il

59.

60.

61.

D is correct. Once the bomb is in the air, gravity is the only force acting upon it. Since gravity is a conservative
torce, total mechanical energy is conserved. Just before the bomb hits the ground, all the energy would be ki-

netic. The initial potential energy of the bomb is P.E. = mgh = 2 x 10 x 300 = 6000 ]. The initial kinetic energy of -

the bomb is K.E. = Yame’ = /2% 2 x 30? = 900 J. The total energy is the sum of these two.

B is correct. The power required is P = Fo. Where the force is the weight of the racket mg, and v is the velocity
of the rocket. Thus, 1200 x 300 x 10 = 3.6 x 10° W.

D is correct. Energy is a scalar and is conserved. The total initial energy will equal the final energy in every case.
Also, in every case gravitational potential energy will be completely converted to kinetic energy. Since energy
is a scalar, the direction of the plane does not affect its initial energy. (Notice that in question 59 we were not
concerned with the direction in which the plane was flying.} The initial potential energy is the same in each
case. Thus the initial energy and the final erergy are greatest where the initial velocity is the greatest.
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62. Cis correct. The plane is not a glider. It receives its energy from fuel.

63. A is correct. Terminal velocity is constant velocity, so the net force must be zero. The forces acting on the plane
are its propulsive force, the air resistance, and gravity. The sum of these forces is zero.

64. Ais correct. The apparent weight of the pilot is the reading on a scale if he were sitting on the scale during his
dive. When he pulls out of the dive, he is decelerating. This means that the scale underneath him would have
to push up with more force than his weight. His apparent weight increases.

65. D is correct. Don’t use vectors to solve this problem. The work done is equal to the change in potential and ki-
netic energy. W = AK.E. + APE. W = Yeme? + mgh =2 x 2x 400 + 2x 10 x 200 = 400 + 4000.

66. Cis correct. The time for the bomb to reach the ground is found from the equation x = '/2g#. t = 6 seconds. The
horizontal velocity of the bomb is the same as the plane, 30 m/s. In 6 seconds, the bomb will move 180 meters
horizontally.

Stand Alones

67. B is correct. Enexgy is required to separate atiracting bodies. The rocket is attracted to earth by gravity. Gravity
is a conservative force so the added energy goes into potential energy.

68. D is correct. The left end is 4 times closer to the balancing point than the right end, and thus has a lever arm
four times smaller. A lever arm four times smaller requires a force four times greater or 4mg.

69. B is correct. Finding the center of gravity can be done like a torque problem. To find the center of gravity, we

find the balancing point. The lever arm for the moon must be 80 times longer than the lever arm for the earth
because the earth is 80 times heavier. We shoidd divide the distance from the earth to the moon into 81 equal
parts, but it is easier to use 80. 400,000/80 = 5,000. Thus 400,000/81 < 5,000. The center of gravity is less than
5,000 km from the center of the earth, which is just beneath the surface of the earth.

EXPLANATIONS TO IN-CLASS EXAM FOR LECTURE 4

Passage |

70.

71.

72.

73.

74.

75.

76.

D is correct. In. order for momentum to be conserved, the horizontal and vertical components must be equal
before and after the collision. There is no vertical momentum before either Collision 1 or Collision 2, so there can
be none afterwards. In order to have zero vertical momentum, angles x and y must be equal to zero.

B is correct. In order for momentum to be conserved, The momentum v, (before) must equal (m, + m,)v
(after). So, (1 kg)(4 m/s) = (2 kg}w). Thus, v =2 m/s.

C is correct. To conserve momenturn, 1,0, (before) must be equal to v, (after). Therefore (2 kg)(4 m/s) = m{4
m/s). So m =2 kg.

D is correct. There is no motion after the collision, so there is no kinetic energy. The blocks are permanently de-
formed and all of the collisions take place on a horizontal surface, so there is no elastic or gravitational potential
energy. So the kinetic energy must be converted into heat energy during the collision.

D is correct. The vertical momentum before the explosion is zero, so it must be zero after the explosion. The
momentum going up the page is (1 kg)v,sin(w), and the momentum down the page is (1 kg)v,sin{z). These two
must be equal if they are to add up to zero. The other particle moves horizontally, so it has no effect on the ver-
tical momentum.

A is correct. In order for a collision to be perfectly elastic, mechanical energy must be conserved. Mechanical
energy is not conserved in explosions or in collisions where the colliding objects stick together, so only Collision
1 can be perfectly elastic. :

C is correct. The two blocks came to a stop after the collision, so their momenta must have been equal and opposite be-
fore the collision, Therefore (2 kg)v, = (! kghvy. So 2v, = v,
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Passage Il
77. Cis correct. Energy from a fusion reaction comes from rest mass energy: E = mc”
78. D is correct. The equation is given in the passage. The temperature at the sun’s core is given as 1.3 keV. We di-
vide this by Boltzmann's constant to get D. Don't forget the kilo in keV.
79. B is correct. The net reaction found by adding all the reactions together is: 4'H + 2e- — 'He + 67 + 2v
80. B is correct. The energy for the reaction came from the annihilation of an electron and a positron. This energy

81.

82,

equals mc”, where m represents the mass of both the electron and positron. But first we must convert to joules
by multiplying 1.02 MeV (don’t forget that Mega = 10°) times coulombs/electron (given at the end of the pas-
sage). This is the energy in E = mc®. We divide energy by the speed of light squared to get the mass of the
electron and the positron. We divide by two for the mass of the positron. The answers are given to the nearest
magnitude of 10, so, as usualy, round your numbers and do calculations quickly: 10° x 107" = m x 9 x 10" =>m
=10"/10" = 107", The true mass of a proton or electron is 9.1 x 10™ kg.

B is correct. If energy is released then stronger bonds must be formed. As stated in the question, the strength
of the bonds comes completely from the binding energy.

D is correct. Choice A is a violation of the conservation of energy. B is contradicted twice in the passage. C is
contradicted in the passage and you should know that large nuclei undergo fission and small nuclei undergo
fusior.

Passage Il

83.

84,

85.

86.

87,

88.

C is correct. Both forces act on the same side of the fulcrum and the in-force is nearer to the fulcrum. From the
passage, this is a third order lever system. The passage also states that running mammals take advantage of a
third order lever system. Although Figure 1 shows a running mammal, and Figure 2 a digging mammal, the
two lever systems are the same.

B is correct. The lever in Figure 2 has a greater in-lever arm to out-lever arm ratio and thus applies greater lever-
age and more force.

A 1s correct. The out-lever arm is 10 times greater than the in-lever arm, so the force applied by the out-lever
arm must be 10 times smaller. As stated in the passage, the advantage to this system is speed not strength.

C is correct. The same formula as the previous question applies. The shorter lever arm requires the greater
force. Work is not changed by an ideal machine.

B is correct. Decreasing the in-lever arm while increasing the out-lever arm creates greater relative velocity be-
tween the fulcrum and the point of out-force application. The animal in figure 2 is a digger and the animal in
Figure 1 is a runner; notice the lever arm proportions. The passage also explains this. The passage tells us that
swift runners take advantage of third order lever systems. In other words, swift runners take advantage of hav-
ing the in-force closer to the fulcrum and the out-force further away.

A is correct. The elbow is the fulcrum. The distance from the elbow to the point where the force due to the mus-
cle is 90° is greatest in A. This is the in-lever arm.

Stand Alones

89.

90.

B is correct. 2 hours is approximately 5 half-lives. 2° = 32. 800/32 = 25. But you should just count on your fin-
gers.

D is correct. Two alpha decays indicate a loss of 8 in mass number and four in atomic number. 4 beta decays
indicates an increase of four in atomic number. The element remains the same and the mass number goes to
210.
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91. B is correct. The angle is irrelevant. Both the lever and the pulley system reduce the force necessary by a factor
of 2 each. The total reduction is by a factor of 4.

1]

Pivot point

/”*\Y\£f7%:mQ:A@M

1/

——

92. B is correct. The horizontal momentum of the two rock system equals zero so there will be no horizontal ve-
locity. The vertical momentum is 87 kg m/s. We divide this by 15 kg to get 5.8 m/s.

EXPLANATIONS TO IN-CLASS EXAM FOR LECTURE 5

Passage |

93. D is correct. The passage states that the coefficient of volume expansion is 3 times o. Use the value of o from
the table. Don't forget that the table gives o in magnitudes of 107

94. Cis correct. Steel has a lower o than brass and increases more slowly to temperature change.

95. B is correct. Plug in 19 x 107 for ¢, 10 for AT, and solve for AL/L. AL/L is the fractional change in length.
Multiply this times 100 to get the percent change in length.

96. A is correct. Aluminum has the highest o, and thus has the greatest change in length or volume per change in
termperature.

97. B is correct. Since the density of water is greatest af 4 °C, water expands when cooled below 4 °C. The weight
does not change with expansion or contraction. There are the same number of water molecules; only the space
between them has changed.

98. A is correct. The easy way to solve this problem. is fo take things to the extremes: Since the aluminum has a
much smaller volume coefficient of expansion, imagine that the aluminum doesn’t change volume at all. The
buoy must displace enough water to equal its mass. The mass of the buoy doesn’t change with temperature. So
in our extreme example only the volume of water is changing with temperature. When the water gets warm, it
expands. The same mass of water fills more volume. The buoy sinks in the summer, in order to displace enough
water to equal its weight.

B water in water in winter summer
Hoy winter summer ( TN ' -
‘“\_7 '/.‘
In the summer water is less dense
P pmmm® = Miner waterd = Mnmer waer § and more must be displaced

in order to equal the weight of the buoy.

The more dlfflCU“]'t Way to SOIVE thls prOb]'em iS as fOHOWS: pbuoyvbuoyg = pwatorvwatcr displacedg => pwater displacedg =
PuucyB(Viay/ Viater displacea)- Because aluminum changes volume much more slowly than water when heated,

Vioy? Viarer §ets smaller as temperature increases.
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Passage Il

99,

100.
101.

102.

103.

104.

105.

D is correct. This is a fluid at rest. The pressure is greatest where the depth is the greatest. P = pgy; where yis
measured from the surface.

D is correct. In an ideal fluid, flow rate is the same at all points.
B is correct. P = pgy. p is 5 times that of water, thus p is 5000 kg/m®. Measure y from the surface of the fluid: 6
cm. P = 5000 x 10 x 0.06 = 3000 Pa. The pipe is sealed shut so there is no atmospheric pressure.

C is correct. Choose /1, = 0 to be point D, so i = 0.1 m, and we have v = v =,{2gh = 1.4 m/s. Important: Notice

that the velocity at C and B will also be 1.4 m/s because ( = Av. We can only use v =,{2gh at point D because
the pressure is the same at point D as at the surface of the fluid.

D is correct. The volume of fluid displaced by the object is equal to the volume of the object. The mass of the
fluid displaced by the object is equal to the apparent loss of mass of the object (weight = 5 N). Since the specific
gravity of the fluid is 5, the same volume of water would weigh 1 N. Thus, the object weighs 20 times more
than water giving it a specific gravity of 20.

5N

i
i

i
e
!
i
i

20N

C is correct. As y decreases, the pressure (P = pgy) decreases, velocity (v = ki = y in this case) decreases, and flow
rate decreases ((Q = Av [since v decreases, ) decreases]). The density does not decrease. At first glance, this ap-
pears to violate the rule that Q is constant everywhere in an ideal fluid. The reason that it doesn’t violate this
rule is because the rule says (J is constant everywhere in space, not in time. In other words, Q can change with
time, but not with position; at any given moment, Q is constant in any given cross-section of an ideal fluid.

B is correct. Point C is twice the depth as point A, so the pressure is twice as great. (P = pgy} This question is re-
ally just asking “Do you measure y from the top, or from the bottom?” Of course, you measure y from the top.

Passage Il

106.

107,

108.

109,

110.

111.

B is correct. Since lift acts against gravity, the ball will undergo less downward acceleration, so it will go higher
and stay in the air longer. The horizontal distance is given by the horizonatl velocity times the time in the air.
Since time in the air increases, it will also go farther horizontally.

Cis correct. The speed of a point on the surface of a rotating object can be found by multiplying the frequency
of rotation by the circumference. Don't forget to convert centimeters to meters. 5o w = (3.14){0.043 m)(60 Hz) =
8.1 m/s. 60 Hz has one significant digit, so the answer can have only one significant digit. The answer is 8 m/s.

B is correct. The density of the ball has nothing to do with the force exerted on it. A less dense ball might ex-
perience greater acceleration for a given force, but it will not change the actual lift force. All of the other choices
will increase the pressure difference as shown in the equation in the passage.

A is correct. The density of the ball is (45 g) /(42 cm®). Since the density is greater than 1 g/cm® (the density fo
water), the specific gravity is greater than 1 and the ball will sink in water.

B is correct. If the spin is reversed, the relative airspeed will be decreased above the ball, causing the pressure
above the ball to be greater than the pressure below.

D is correct. Subtract the airspeed below the ball # — w from the airspeed above the ball u + w to get the differ-
ence 2w.
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Stand Alones

112. Cis correct. The density of the container is 2 kg/ 5 x 107 m® = 400 kg/m®>. The specific gravity is 0.4 which
means that 60% floats above the water. Or even simpler, the bottle weighs 2 kg, while 5 liters of water would
weight 5 kg, so the specific gravity of the bottle is 2/5 = 0.4.

113. B is correct. When the brick is on the Styrofoam, the water that is displaced is equal to the weight of the brick.
When the brick is submerged, the water that is displaced is equal to less than the brick. More water is displaced
by the floating brick-Styrofoam combination and thus the water level falls when the brick is submerged.

Weight of weight
volume of = of
T e T T e T T water displaced  brick.

|
Volume of _ e ;).1{1}1(3
water displaced — Lo

114. A is correct. The leak is 5 m below the surface. We use v=/2gh where h =5m.

115. B is correct. 10 meters of water produces approximately 1 atm or 10° Pa of pressure (P = pg/). 5 m produces half
of that. Add atmospheric pressure (10° Pa) to get 150,000 Pa.

EXPLANATIONS TO IN-CLASS EXAM FOR LECTURE 6

Passage |

116. A is correct. As shown in the diagram below, this is an inclined plane. The acceleration of any object down an
inclined plane with no friction is g sin8.
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118.

119.

120.

121,

122,
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B is correct. The motion duplicates a pendulum with a length equal to the radius of the Earth. One period is
equal to a round trip on the train. The equation for the period of a pendulum is T = 2z (L/g). Notice that the pe-
riod is independent of the distance that the pendulum swings. Since the periods are equal, the top speed must
be greater for the longer trip.

Boston

B is correct. The passage says that the motion is similar to a pendulum. The period of a pendulum is given by
T =2n(L/g). Here, L is the same as r, and we only want half the period because it is a one way trip. See the di-
agram above.

A is correct. Simple harmonic motion can be graphed as a sine curve. Since a trip from Boston to Manhattan is
half a cycle, Choice A is correct answer.

A is correct. At the midpoint in the trip, the train is on a flat plane perpendicular to the radius of the earth. The
forces on the train are gravity acting straight toward the center of the earth, and the normal force acting straight
away from the center of the earth. Since the train is obviously not accelerating in either or these directions, these
two forces are equal, and the net force is zero. Newton's second law, F = ma4, tells us that the acceleration must
also be zero.

B is correct. See Figure 1. The track is straight. It is our perception of uphill and downhill that is the problem. We
perceive downhill as any vector with some component in the direction toward the center of the earth, and uphill
as any vector with some component in the direction away from the center of the earth. Because we are so small
compared to the earth, we are accustomed to thinking of the direction of the center of the earth as being con-
stant. This is not the case. In the example of the tunnel train, it is the direction toward the center of the earth
that changes and not the direction of the track.

C is correct. Gravity decreases as we move toward the center of the earth from the surface, so acceleration de-
creases, and maximum velocity will be less. The trip will require more time.

Passage Il

123.

124.

125.
126.

127.

B is correct. Only B gives the correct prediction of change in frequency when the moth flies away from the bat.
The Doppler effect predicts that when the source moves away from the observer, the observed frequency goes
down. In this case, the bat is observing the frequency reflected off the moth.

D is correct. The waves reflect off the moth at the same frequency that it receives them. This is the Doppler ef-
fect. Don’t use the equation in the passage. To find the frequency at which the bat receives the waves use Afff =
vfc where f = 66 kHz, v = 15 m/s (the relative velocity), and ¢ = 340 m/s. Since they are moving toward each
other, the frequency will increase. Thus, to find the frequency at which the waves reflect off the moth we add
Af to 66 kHz.

B is correct. Only movement that separates the pair will decrease the frequency.

A is correct. If the signal takes less time, then it must be going faster. The speed of sound in a medium increases
with decreasing density. You may think that humid air is heavier, but this is incorrect. There is a decrease in den-
sity as waler vapor is added to air that occurs because the molecular mass of water (18 g/mol) is less than that
of nitrogen (28 g/mol) or oxygen (32 g/mol) gases, the main constituents of air.

B is correct. This is just v = Af. The numbers from the passage are: f = 83 kHz; v = 340 m/s. Don't forget the kilo-
hertz.
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Passage lll

128.

129,

130.

131.

132,
133.

134.

D is correct. The length of the first harmonic is the longest possible standing wavelength, which is simply twice
the length between the fastened ends of the wire.

D is correct. Pitch correlates with frequency; fA = v. We can set this equation equal to the one in the passage to
see that increased tension raises frequency, and increased length lowers frequency. (From question 128 we know
that speaking length L is proportional to wavelength 1.)

A is correct. Intensity is given by I = fiuw*’A%. Doubling 1 increases intensity by a factor of only 2. Since w =
2nf = 2n/T, doubling T would decrease intensity by a factor of 4. The speaking length is directly proportional
to the fundamental wavelength. From v = fA, doubling the speaking length doubles A and reduces fby a factor
of 2, reducing intensity by a factor of 4. Doubling amplitude increases intensity by a factor of 4. Thus, chang-
ing  has the least effect.

C is correct. 3 Hz is the beat frequency. The beat frequency is the difference between the frequency of the tun-
ing fork and the frequency of the piano, so we know that the original frequency must be 3 Hz away from 440.
We just don’t know which direction. Tightening the string increased the beat frequency. This means that tight-
ening the string moved us away from the tuning fork. Tightening the string increases the frequency, so when
we increase the frequency we are moving away from 440 Hz. The original frequency of the piano note must be
443 Hz.

A is correct. This is just v = Af. The speaking length is extraneous information.

B is correct. The piano wire moves up and down, while the wave moves along the string; the medium is mov-
ing perpendicular to the propagation of the wave. This is a transverse, not a longitudinal, wave.

C is correct. This is the definition of amplitude. The velocity is dictated by the medium. The wavelength is dic-
tated by the speaking length. The frequency is dictated by the velocity and wavelength. How hard or far you
strike the string only affects the amplitude.

Stand Alones

135.

136.

137.

138.

A is correct. When the spring is fully compressed or fully extended is when the Hooke’s law forces are the
greatest, and this indicates that the acceleration is the greatest. F = ma.

D is correct. The maximum amplitude will result from constructive interference. This is the sum of the ampli-
tudes.

D is correct. The period is increasing by 1.42 or about the square root of 2. From T = 2w (I./g) we see that the
square of the period is proportional to the length. L increases by a factor of 2, or a 100% increase.

B is correct. Only B and C allow for a higher frequency, which would explain a higher pitch. Heavier objects
vibrate more slowly. The water in the glass increases the inertia of the system and creates a lower frequency.

EXPLANATIONS TO IN-CLASS EXAM FOR LECTURE 7

Passage |

139.

D is correct. The Earth’s magnetic field points from the geographic South to the geographic North. From the
passage, the aurora borealis is in the north.
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140. D is correct. The easy way to answer this question is to look at Figures 1 and 2. From the passage and Figure 1
we see that pitch is the distance between the spirals. From Figure 2, we see that pitch is decreasing as the spi-
rals move toward the stronger magnetic field. (The magnetic field lines are the horizontal lines. Closer field
lines indicate a stronger field.} This leaves answer choice C or D. The period is the length of time necessary for
the particle to make one rotation. You should know that the force on a moving particle due to a magnetic field
is Eerpendicular to the velodity of the charge. This means that a magnetic field can do no work on a moving
charge, which, in turn, means that it cannot change its kinetic energy or its speed. If the speed is the same, and
from Figure 2 we see that the spirals are getting smaller, then the length of time to make each spiral is also de-
creasing. Thus, the period is decreasing.

141. A is correct. The electron has a negative charge, so it will be turned by the magnetic field in the opposite di-
rection of the positively charged proton. The electron has less mass than the proton, so it will turn in a smaller
circle than the proton. You can use the equation for centripetal force: F = mv?/r. When m increases, * must also
increase.

142.  Cis correct. From F = guB we know that charge increases force, so the alpha particle will experience the great-
est force. Only the velocity perpendicular to the magnetic field will create a force on a charged particle. Any
velocity in the direction of the pitch does not increase the force. Thus the smaller the pitch, the greater the force.

143. C is correct. The protons rotate in the opposite direction to the electrons
because they have an opposite charge. As per Figure 2, the particles con-
tinue rotating in the same direction when they reflect from one pole to the
other. However, the perspective from one pole to another. Imagine a two
headed coin. The noses on either side point in opposite directions. When
the coin spins, if we view the front side and the head appears to tilt down-
ward, the head on the opposite side would appear to tilt upward. If the _ ..
coin continued spinning in the same direction as it followed the magnetic -
field lines from the North Pole to the South Pole, we would see the oppo-
site side of the coin. From our point of view at the south pole, the opposite
side would appear to be spinning counter-clockwise.

144. A is correct. The force on any moving charged particle due to a magnetic
field can only be perpendicular to the movement of the particle, and can
therefore do no work. This is why the speed of the electron doesn’t
change.

145. Cis correct. According to Figure 2, in order for the particles to bounce from pole to pole, the magnetic field at
the poles must be stronger than at the equator.

Passage Il

146. A is correct. Use the same logic as that used in the passage to explain why the human body remains at the same
potential as the ground. The ground is a conductor, so it will be at the same potential at any height.

147. C is correct. Use the definifion of current. A = C/sec. So sec = C/A = 20/10,000 = 2 x 107 seconds.

148. D is correct. V = IR : From the passage: 400,000 = 10 x R.

149. B is correct. An electric field vector points from positive to negative potential. Figure 1 shows the electric field
gets more positive as we move upward.

150. C is correct, This question concerns the rate of energy transfer or power. P = IV, The answer is given in joules
because the question asks for energy.

151. Cis correct. Current always flows from high potential to low potential, so B and D are wrong. During a light-

ning strike, electrons flow from the cloud to the ground, so current must flow in the opposite direction, from
the ground to the cloud.
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Passage Il

152.

153.

155.

156.

157.

158.

159.

160,

161.

B is correct. The passage states that the electric field force is in opposition to the magnetic force. Electrons want
o move against an electric field. The electric field pushes the electron to the left. You can also use the right hand
rule: Point your thumb in the direction of the current, down the page (opposite to movement of electrons), point
your fingers in the direction of the magnetic field, and push in the direction of your palm. Your palm should be
facing to the right. This is the force on the electrons due to the magnetic field.

A is correct. The passage states that at equilibrium “the force on the electrons due to E and B are equal and in
opposite directions.” Thus the direction of B creates the direction of E and reversing B will reverse E. B and D
concern the current which can be adjusted independently of the magnetic field. A Hall potential difference will
be established regardless of the direction of current, so C is wrong.

B is correct. Moving the strip in the direction of the current is the same as moving the strip in the opposite di-
recton to the electrons. If the strip is moved at the same speed as the electrons, the electrons are stationary with
respect to the magnetic field and there is no Hall Effect. (This is explained in the passage.) When the strip is
moved faster than the electrons, the relative velodity of the electrons with respect to the magnetic field is re-
versed. Thus the force on the electrons due to the magnetic field is also reversed. The Hall Effect is established
in the opposite direction. from the original.

A is correct. If the copper strip is held stationary then the sum of the forces or the net force must be zero. No
acceleration; no net force.

B is correct. The electric field E created by the magnetic field pushing the electrons to the right demonstrates
the direction of force on the electrons due to the magnetic field B. Also, right hand rule applies for the same re-
sult. Since the force is constant and perpendicular to the velocity, the magnitude of the velocity cannot change
but the direction changes at a constant rate. The particle follows a circular path.

D is correct. The potential difference is the electric field times the distance. Choice B is the potential difference
along the length of the strip, not the Hall effect, which is the potential difference across the width of the strip.

B is correct. The voltage across the capacitor is 6 volts. IR = V so 3amps = 6 V/ 2 Q. See the diagram below.

[——— Loyt 1 | 4— —»
o W 6 Ll PP
Vulmge Current Current
when the capacitor when the enpacitor the momenz
is fully charged i fully charged the switch is opencd

C is correct. The charge is equal to the voltage times the capacitance. See the diagram above for the solution of
the circuit.

A is correct. According to Coulomb’s law (F = kggq/+%), A and D apply equal and opposite forces on 4, and so do
Cand B.

C is correct. First set the force equal to mass times acceleration Eg = ma. Then use the uniform accelerated mo-
tion equation x = '2af* :
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EXPLANATIONS TO IN-CLASS EXAM FOR LECTURE 8

Passage |

162.

C is correct. Diffraction is demonstrated by the light waves bending as they move through the opening. This
happens in both experiments. Interference is demonstrated in both experiments where the path length traveled
by light rays differs creating alternating high and low intensity bands due to constructive and destructive in-
terference.

163. A is correct. From Soh Cah Toa, x/sin0 is equal to r. From distance divided by velocity equals time, r/c is the
time light takes to travel to any given point on the detector.

164. Cis correct. There would be no diffraction. In experiment 1, all the light would go directly to the detector at the
level of the slit to form 1 peak on the graph. In experiment 2, two peaks would be formed.

165. B is correct. Longer wavelengths are diffracted the most. Red has the longest wavelength.

166. D is correct. The equations show that /; max is 4 times greater than I,.

167. B is correct. Intensity is proportional to energy, and energy is proportional to the square of the amplitude.

Passage |l

168. Cis correct. From the passage we know that m m, = M, and m_=-25cm/f,. Thus, the focal length is inversely
proportional to the magnification. Since power is inversely proportional to the focal length, doubling the power
doubles the magnification.

169. D is correct. The object is outside the focal length of a converging lens and thus creates a real inverted image.

170.  Cis correct. The focal length of a converging lens is positive. A diopter is the reciprocal of the focal length in
meters. Thus, 1/25 equals (1.04 meters.

171. C is correct. Just plug and chug. M, = mm, = 500 »x 0.01 x 0.005/ 0.25 = L. L = 10 cm. Then add the focal
lengths.

172. A is correct. An object inside the focal point of a converging lens makes a virtual upright image on the same
side as the object.

173. Cis correct. The objective inverts the first image. This first image is within the focal point of the eyepiece so the
eyepiece creates a virtual image WITHOUT changing the orientation. The final image is an inverted image of
the object. An inverted image is inverted up and down, and left and right. When you push the slide left, it looks
to be moving to the right under the microscope. When you push the slide up, it looks to be moving down. So,
left is right and up is down on an inverted image. Answer choice C has these characteristics. Choice C is the
inverted image.

174. Cis correct. Go back to lecture 8 for an explanation of refraction and reflection.

Passage lll

175.
176.

177.
178,

179.

B is correct. From the equation in the passage we can see that this is true.

C is correct. Although this is an approximation, it is the best answer. Tiight rays from distant objects will be ap-
proximately parallel and thus converge on the focal point. Since the rays aren’t truly parallel, they would form
slightly behind the focal point but this is not an answer choice.

A is correct. A thicker center converges more. Only converging lenses have positive power.

D is correct. When light enters the lens, velocity slows, frequency remains constant, and wavelength must
shorten. This effect is greater on blue light than red light. This is called chromatic dispersion.

A is correct. P = 1/focal length. This means the focal length of the eyepiece is (.01 m. The focal length of the ob-
jective must be nine times greater, or 9 ¢cm. It is positive by the equation or because converging lenses have
positive focal lengths.
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180. A is correct. Light bends less moving from glass to water and thus the fecal lengths of the lenses would

lengthen. The tube length must be increased so that the two new focal points will coincide as per the passage.

I ‘ | A AT

Stand Alones

181.

182.

183.
184,

A is correct. The waves are not moving through an aperture, so they are refracted, not diffracted. Since the
waves are moving nearly perpendicular to the shore they must be turning toward the normal, which means
their speed must be decreasing. Waves refract toward the normal when a new medium slows their progress.
The new medium is water that is more shallow.

B is correct. The mirror is concave since it makes a real inverted image. The focal length is positive, and half
the radius of curvature. From the thin lens equation (1/f=1/d, + 1/d_) we get d, =5 cm.

A is correct. Magnification = —d;/d,

D is correct. The mirage is created by refraction of light. The light enters the warmer air and speeds up caus-
ing it to turn upward. The diagram below shows how the lower portion of the wave speeds up as it enters the
warmer air causing the wave to turn.

warm air /// Y Qﬂ
warmer air A

mirage
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- 2 L) s L ¢
Lecture 1 | Lecture 2 | Lecture 3 | Lecture 4 | Lecture 5 | Lecture 6 | Lecture 7 | Lecture 8
L cC | - C 2. D 7D | 9.D | 1L A | 185 C | 169 A
2. A 26. C 50. C 74. A 98. C 122, C 146. B 170. D
3 B 27. D 51. B 75. B 99, C 123. C 147. A 171. A
4. D 28. A 52, A 76. D 100. D 124. B 148, C 172. D
5 C 20, D 53. C 77. C 101. C 125. B 149. B 173. C
6. C 30. B 5. D 78. A 102. B 126. C 15¢. A 174. D
7. B 31. A « 55, B 79, A 103. A 127. A 151. A 175. B
8. C 32. A 56. A 80. D 104, D 128. A 152. B 176. A
9. C 33. A 57. A 81. B 105, D 129. B 153. A i77. B
10. C 3. D 58. C 82. B 106. B 130. D 154, B 178. D
11. B 35. D 59, A 83. B 107. A 131. C 155. D 179. B
12. B 36. C 60. B 84. A 108. D 132. D 156. A 180. A
13. A 37. C 61. D 85. C 109. D 133. B 157. C 181. B
14, A 38. B 62. C 86. C 110. B 134. B 158. D 182, C
15. C 39. D 63. C 87. B 111. C 135. B 159. D 183, A
16. D 40. A 64, C 88. C 112. A 136. D 160. C 184. C
17. C 41. D 65. A 89. C 113. D 137. B 161. C 185, D
18. D 42, C 66. A 90. B 114, A 138, C 162. B 186. B
19. A 43, C 67. C 91. D 115. B 139, C 163. D 187. A
20. A 44, C 68. A 92, D 116. D 140. D 164. A 188. D
21, B 45, B 69. C 93, B 117. B 141, D i65. C 189. D
22. B 46, A 70. D 94, B 118. A 142, C le6. D 1%¢. D
23. A 47. B 71. C 95. A 119. D 143. B i67. A 191. B
24. B 48, C 72. B 96. A 120. B 144, B 168. B 192. C
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EXPLANATIONS TO QUESTIONS IN LECTURE 1

1. Cis correct. The balloon travels in three perpendicular directions. These can be considered three displacement
vectors. The total displacement is the vector sumn of the three. If you notice, two of the vectors have lengths of
8 and 6, multiples of 4 and 3 respectively. These are the components of a 3-4-5 triangle. Thus, the displacement
from the tail of the 6 km vector to the head of the 8 km vector is 10 kilometers. This 10 km vector is perpendi-
cular to the other 10 km vector. Using the Pythagorean theorem on the two 10 km vectors gives a total
displacement of approximately 14 km.

{6 + 10% + 8 = net displacement

2, A is correct. Since the runner is on a circular track of ? km, the runner will end up where he/she began. This is
zero displacement and zero velocity.

3. B is correct. The man is making a 30-60-90 triangle. Where he turns represents the 30° angle in the triangle. The
distance back to the entrance is half the hypotenuse or 100 sin30°. You can cither recognize the proportions of
a 30-60-90 triangle or, if you have a lot of extra time on your hands while taking the MCAT, use the law of
cosines: A? = B? + C* - 2BCcos(a).

4. D is correct. Acceleration is the rate of change of velocity. Since velocity is a vector it specifies direction. The di-
rection of the earth’s motion is constantly changing.
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5. Cis correct. Since the beginning and starting points are the same, the displacement is the same.

6. C is correct. If the car is slowing down, the velocity and acceleration must have opposite signs. Since the car is
moving forward, it's safe to assume that the velocity is positive.

7. B is correct. The direction for a vector must specify a straight line at a specific point. You couldn’t draw an
arrow fo represent “in a circle.”

8. Cis correct. You need to convert your units.

[36km 1000mY 1he

—leOm/s
1hr 1 km /A 3600 sec

In 10 seconds, the elephant can run 100 m.

9. Cis correct. Velocity is the slope on a d/¢ graph. Constant velocity requires only a straight line on a d/t graph.
Any acceleration represents a change in velocity and so can not represent constant velocity.

10. Cis correct, Since we are looking for distance and not displacement, we add up the total area between the line
and the x-axis. We could also use our linear motion equations since there is constant acceleration.

11. B is correct. The graph shows an object moving in one direction at a constant velocity and suddenly changing
directions. There is no gradual acceleration. The baseball is the.only object that suddenly changes direction. A
is wrong because the description describes gradual acceleration, and there is no gradual acceleration in the
graph. C is constantly changing velocity. I) is a gradual change in velocity.
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12.

13.

14.

15.

16.

17.

18.

19,

20.

MCAT PHysics

B is correct. This problem may be tricky because the question only implies a necessary variable. That variable
is initial velocity. The initial velocity is zero. The average velocity of any constantly accelerating object that
starts with zero velocity is the final velocity divided by two. This from v,,, = (v + 7,)/2. Then the average ve-
locity times time equals displacement, v, .t = x. Thus, 25/12.5 = 2. Or, by Salty’s method:

25 m/s

12.5 m/s

0 m/s

Average velocily times time equals distance: 12.5 x 2 = 25,

A is correct. This is a plug and chug problem. The correct formula is v = v, + at. Which results in 25 = 50 + a2.
Thus a = 12.5. You also could reason that if it had taken only one second to slow from 50 to 25 m/s then the ac-
celeration would have been —25 m/s% But it took more than one second so the acceleration must be less.

A is correct. The graph clearly shows that displacement increases with time. Since the displacement graph is a
straight line, the particle must be moving at constant velocity, so neither velocity nor acceleration are increas-
ing.

C is correct. Acceleration is 5 m/s” so the velocity is reduced by 5 m/s each second. Starting from 20 requires
4 seconds. Average velocity is between 20 and 0 which is 10 m/s. 10 m/s for 4 seconds gives 40 meters. Or use
the equation that doesn’t include time.
2_ 02
v =0, +2ax
The car comes to a stop, so Uy = 0. If we plug in v, = 20 and a = -5, we'll get x = 40 m.

D is correct. In order for the particle to move backwards, the velocity graph would have to dip below zero.
Between 10 and 15 seconds, the particle is slowing down, but not going backwards.

C is correct. The best way to answer this question is to plug 4 seconds into the linear motion equations s = s, +
v,t + 2at’. This results in s = "2at®. The distance traveled by the apple is 80 m so it reaches 20 m in altitude. You
could solve this problem using proportions. The square of the time is proportional to the distance. If we dou-
ble the time, we multiply the distance by 4.

D is correct. Since both the ball and the skydivers are accelerating at the same rate, each skydiver should aim
for the other’s chest.

A is correct- You should use Salty’s system in every single physics problem. However, sometimes the problem
is easy enough for you to imagine the diagram in your head. This problem probably requires actually drawing
a diagram. Once you have your diagram, you may notice that the antelope needs to be in the air for 2 seconds
at 10 m/s to clear 20 meters. So now you have f. You know that the upward trip equals the downward trip, so
the downward trip lasts one second. You also know that the downward trip starts at zero because a projectile
at its peak has zero velocity. The question is now simplified to “How far does a free falling body starting from
rest travel in one second”. At the end of one second the body is traveling at 10 m/s, thus its average velocity is
5 m/s. The object travels 5 meters. Alternatively, once you have 2 seconds, you can plitg 2 seconds into s = 5, +
vyt + 'Aaf, with s and s, as zero. Doing the math gives you the initial velocity of 10 m/s. The velocity at the top
is zero. Using " = v * + 2ax gives you x = 5.

A is correct. This is a proportions question. The correct equation is v 5in8 = (2gh). Remember, due to the sym-
metry of projectile motion, the velocity in this equation can be initial or final depending upon the direction of
motion. Multiplying the height by four only doubles the velocity.
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B is correct. You can use v,sin® = (2gh). The sine of 30° is /2. Thus the vertical velocity is 50 m/s. 507 is 2500.
Divide this by g = 10, and by 2 gives 125. Practice doing problems like this in your head to save time, build your
confidence, and most of all, to sharpen your skills. The initial vertical velocity is 50 m/s; the final at max height
is zero. This is a change in velocity of 50 which takes 5 seconds at 10 m/s”. Draw your line and multiply the av-
erage velocity by 5 seconds.

50 m/s

25 m/s

0 m/s

B is correct. At terminal velocity, acceleration is zero. The force of air resistance counters gravity exactly so the
force is equal to the weight for both balls. Ball X requires more collisions with air moelecules to compensate for
the larger force of gravity. More collisions means greater air resistance.

A is correct. The horizontal speed has no effect on the length of time that a projectile is in the air, so you don't
need it here. Because the initial vertical speed is zero, you can use the equation below.

x =(1/2)gf with x = 40 and g = 10

t=48 =28

N

Since there is only one significant figure in the numbers in the problem we round the answer up to 3.

B is correct. The horizontal distance traveled for a projectile is given by vfcos8. In this case, v £ 30, f = 6, and
0 = 40°,

EXPLANATIONS TO QUESTIONS IN LECTURE 2

25.

26.

27.

28.

29,

30.

31

32.

C is correct. This is a straight forward F = ma plug-n-chug problem. The moon is thrown in fo confuse you. The
gravitational force of the moon acts perpendicularly to the horizontal force and is countered by a normal force.
It has no effect on the motion.

C is correct. Since the mass of the rocket is decreasing, and the force remains constant, the rate of change in ve-
locity (acceleration} must be increasing.

D is correct. The downwazd force is #ig = 100 N. The first 100 N upward counters this to give a net force of zero
and thus a constant velocity. We want a net force of mg = 100 N upwards. This requires adding 100 more new-
tons for a total of 200 N. -

A is correct. Since both skydivers are at constant velocity, they must both experience a net force of zero.

D is correct. Since the projectile is at constant velocity when the force of air resistance is F, The force propelling
the projectile must have a magnitude F as well. When the air resistance is reduced by a factor of 4, the net force
must be F - 4F = *AF. Thus */4F = ma.

B is correct. Because the masses are all on a line, you can just average the distance of the masses from the on-
gin to get the central point. The average distance is 2 + 3+ 7}/3 =4

A is correct. The net force on the plane is 2500 N — 500 N = 2000 N to the east. The mass of the plane will be the
weight divided by g. That's 40,000/10 = 4000 mg. Acceleration is F/m = 2000/4000 = 0.5 m/s* to the east.

A is correct. If the car is moving in a straight line at a constant speed, then it is not accelerating. From Newton’s
second law, you know that if there is no acceleration, then there is no net force. Friction is irrelevant.
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33.

35.

36.

37.

38.

39.

40.

42,

43.

44.

45.

46.
47,

MCAT PrysiCs

A is correct. This question requires setting the gravitational force between the earth and the moon equal to the
centripetal force.

Mm v?
e
r r

F=G

D is correct. The work done will remain the same. W = Fd. The distance is increased from '/ to 4. This is an in-
crease by a factor of 8. Since work remains constant, force must decrease by a factor of 8.

D is correct. This question uses misdirection by introducing the concept of circular motion. Gravitational force
is not affected by movement. The gravitational force is inversely proportional to the square of the radius.

C is correct. The acceleration is gsin®; however, 8 is constantly decreasing and with it the sine of 8. Thus, the
acceleration is decreasing. Since there is some acceleration throughout the drop, the velocity is increasing.

C is correct. The force down the incline is mgsin@. The acceleration down the incline is gsing. The sine of 8 is
opposite over hypotenuse which is 20/40 = 2. Thus the acceleration is 2 ¢ or 5 m/s”. If we plug this into our
linear motion equation we have x = "2('/22)F. x is the length of the incline. Thus 40 = *A('4g)f*. 16 = % t = 4 sec-
onds.

B is correct. Set the weight equal to Newton's law of universal gravitation.

mgzc—ziﬂ, m cancels, so g =

RZ

D is correct. v = d/¢. Once around a circular track is the same as the circumference, so d = 2nr. So v = 2nv /1t =
(6.28)(30)/63 = (0.1)(30) =3 m/s.

A is correct. The force parallel to the ramp is the same as the net force, mgsin®. As 6 increases, sin@ increases
and so does the net force. The force perpendicular to the ramp is the same as the normal force, mgeos8. As 8 in-
creases, cos0 decreases, and so does the normal force.

D is correct. If we look at the point on the tire that makes contact with the road, that point does not move rel-
ative to the road or else the tires would spin in place. Since there is no relative movement, the friction must be
static. The force of friction is in the direction opposite to the way the tires are trying to slide against the road.
This is the force that accelerates the vehicle. So the only way that the truck can move forward is if the force on
the tires is in this direction.

C is correct. Tension in a static system is defined by the force in one direction. The rope will also experience a
force from the right, but that does not double the tension. That force is necessary to make the tension equal to
900 N.

C is correct. The force changes with the displacement of the tires. The greater the displacement, the greater the
force, the greater the magnitude of acceleration as per the formula F = kAx = ma.

C is correct. Since the frictional force is constant, this is a linear motion problem with constant acceleration. The
normal force is g, so the frictional force is mgu. The acceleration is just gu. Using v* = v,* + 2ax and plugging
in gl for the acceleration, gives us answer C.

B is correct. The tension could only be as great as the foree at one end. Thus, the tension could not be greater
than the force applied by the first team.

A is correct. On an inclined plane F, = mgcos0. So the force of friction is equal to pmgcos6.

B is correct. The difference in mass between the two situations is 0.5 kg, so the difference in force is 5 N. The
difference in displacement is 1 ¢m. These are the numbers we plug into Hooke’s law. k = F/x = (5 N)/{1 am) =
5 N/cm. By the way, we can do this because we are really subtracting one equation from the other.

Fis= *kAst
—F, = —kAx,
Fis— F = —kAx, s — —kAx, => AF, . = “k(Ax ; — —Axy)
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C is correct. If the elevator is moving at constant speed, then there is no acceleration and no net force, se the
tension in the cable must exactly balance the weight of the elevator.

EXPLANATIONS TO QUESTIONS IN LECTURE 3

49.

50.

51.

52.

53.

54,

55.

56.

57.
58.

59,
60.

D is correct. When the tightrope walker stands in the middle of the rope, he is in static equilibrium. The verti-
cal and the horizontal net force must equal zero. The force downward is the weight of the tightrope walker, 750
N. The force upward must also equal 750 N. The upward force must come from the vertical component of the
tension in the rope. If the rope is perfectly straight, there is no vertical component.

C is correct. If we begin by examining the problem as a static equilibrium problem, the tension in the rope with
no acceleration would be 500 N. If we want to pull the climber upward, we must increase the tension by ma,
which is 250 N.

B is correct. The force upwards is defined by the question to be 200 N. The force on either end of a massless
rope must be the same. The tension in the rope must be 200 N. This question answers itself and then attempts
to confuse the issue by discussing a rusted pulley.

A is correct. The skydiver has a constant velocity so the net force must be zero, and by definition, this means
the skydiver is in dynamic equilibrium.

C is correct. You don't have to look at the diagram for this problem. C is the only answer that could be false
and still have all the rest be true. Form a triangle with the vectors to prove to yourself that they sum to zero.

D is correct. The third force must have equal components pulling to the south and west to counter the other
two forces. Since the two components are equal, the third force will be directed exactly to the southwest.

B is correct. The bucket is moving at constant speed, so there is no acceleration. If there is no acceleration, then
the system is in dynamic equilibrium. All of the other situations described include accelerated motion.

A is correct. The block is accelerating across the floor so the force applied by the child must be greater than any
force that is resisting the motion. The weight of the block acts vertically, so it is not directly involved in the hor-
izontal motion. It is true that the frictional force is likely to be less than the weight, but that doesn't indicate
whether the force applied by the child is greater or less than the weight.

A is correct. The pole is not rotating, so the net torque must be zero.

C is correct. The sign is in static equilibrium. Since the wall is frictionless, there is no torque in this problem.
The vertical component of the force must be equal to the weight of the sign. The vertical component is equal to
the tension times sin30°. mg = Tsin30°. If we double mg, we double the tension.

A is correct. The longest lever arm is on A. The entire wrench is the lever arm on A.

B is correct. This is a straight forward torque problem. If we choose our point of rotation to be the point on the
board where the string attaches to the board, and we understand that the weight of the board acts at the center
of gravity which is the center of the board in this case, the counter-clockwise torque is 3 kg x 0.2 m. The clock-
wise torque is the weight of the board times 0.3 m. Setting these equal, we have the mass of the board at 2 kg.
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D is correct. The net torque must be zero. If we choose the rotation point to be the end of board Y, then
ImxF=4mx4N.

A little tip for torque problems: Find a 16
force that is neither known nor asked for,
and choose the point where this force
acts to be your rotational point. 1 3

ry
v

12

C is correct. If you push on the edge farthest from the hinges, you'll have the greatest lever arm, which will give
you the greatest torque.

C is correct. For the best balance, the torques should be equivalent. (400 N)(5 m} = {500 N)}{x). So x =4 m

C is correct. Increasing the diameter of the screwdriver handle increases the lever arm for the force applied by
his grip. Increased lever arm gives more torque to turn the screw.

A is correct. The frictional force applied by Jupiter’s atmosphere times the distance along which it is applied
equals the change in mechanical energy of the meteor. If we ignore the gravitational force of Jupiter, the change
in the mechanical energy is a loss of all kinetic energy which equals '/2mv”. We set this equal to force times dis-
tance and solve for force,

A is correct. The potential energy increases as you go up the stack. This may seem cobvious if you are thinking
about “‘mgh’; however, you would be thinking about this problem incorrectly because ¢ does not remain con-
stant. If you use Newton’s law of gravitation to solve for g at any altitude and then plugged it into ‘mgh’(g =
Gut/ ¥, r = h), you would get the reverse answer that potential energy decreases to zero. A fast and easy way to
understand this problem is to think of work. Your system is the stack of blocks. Each time you add a block, you
do work on the system. In other words, you transfer energy to your system.

C is correct. A simple technique for solving this and many other physics problems is fo “take the examples to
extremes”. Here the examples are reasonably close in mass. What if object A were one million times as massive
as object B? In other words, imagine that object A is a piano and object B is a dime. Now we place them on a
spring and propel the piano one inch into the air. Will the dime be propelled one million inches into the air at
the same time? Of course not. Thus we know that mass is not proportional to the height. Since all the answers
are given as such, only C can be correct. We could also look at this problem and ask ourselves, “When do the
masses become projectiles? They must become projectiles the moment the spring stops pushing. From F = ma,
we know that this is the moment the spring stops accelerating. This means that the masses become projectiles
at the same moment and with the same velocity. As we learned in Lecture 1, mass is irrelevant to projectile

paths.

A is correct. This is a proportions problem. We set the initial elastic potential energy equal to the final energy,
'/ kx* = mgh, and we see that the square of the displacement of the spring is proportional to the height, x* = h.
Thus, to increase the height by a factor of four, we must increase the displacement of the spring by a factor of 2.

Cis correct. The horizontal component of the force is 87 N. To find the acceleration we use F =ma. a = 8.7 m/ 8%
We use v = v, + at and arrive at v =174 m/s.

D is correct. The rock starts out with gravitational potential energy. As it falls, it loses gravitational potential
energy and gains kinetic energy. As the rubber band stretches, the rock slows to a stop and kinetic energy is
transferred to the elastic potential energy of the rubber band.
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3600 sec

C is correct. 1 kW — hom‘[ h J = 3600 kW — sec = 3,600,000 W - sec

our
A Watt is a J/sec, s0 a W-sec = (J/sec)(sec) = Joule
So 3,6000,000 W-sec = 3,600,000 ]

B is correct. P = W/t. If the power is increased, more work can be done in less time. Choice B says the reverse
of this.

EXPLANATIONS TO QUESTIONS IN LECTURE 4

73.

74.
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D js correct. Impulse is equal to change in momentum, FAf = Amp. We know the change in momentum but not
F or t. We do not have enough information to solve for F.

A is correct. This is easily visualized if we take the example to extremes. If the boy were somehow able to make
himself nearly weightless, would he travel at some extremely high velocity? This is actually similar to a pro-
jectile problem. The boy receives his kinetic energy from his initial potential energy. When he drops his coat and
boots, he is leaving that potential energy unused at the point where he dropped them.

B is correct. The initial and final momentums must be equal. The initial vertical momentum is mocos60°. Since
ball B has no vertical momentum, all the vertical momentuwmn remains in ball A. Ball A has no horizontal mo-
mentumn after the collision, so all of its momentum is represented by mvcos60°.

D is correct. To answer this question, we simply compare the total energy of the car at zero, 30, and 60 km/h.
All the energy is kinetic energy. K = *2mv? Without doing too much math we can see that if you double the ve-
locity you increase energy by four times. The question asks for the difference in the energies, 4 - 1 = 3.

C is correct. The initial momentum of the cat-cardboard system is zero, so the final momentum must be zero.
Since the cat has twice the mass as the cardboard, the cardboard will have twice the velocity.

A is correct. Choice I represents conservation of momentum, which is always true. Choice I is conservation. of
kinetic energy. In an inelastic collision, kinetic energy is not conserved. As for Choice 111, if the masses are dif-
ferent before and after the collision and momentum is conserved, then the velocities before and after must be
different.

A is correct. Momentum is a vector quantity, so the two vectors with the same magnitude and opposite direc-
tions will add up to zero both before and after the collision.

D is correct, From the impulse equation Ft = my. The trapeze artist is brought gradually to a stop in the safety
net, so the change in momentum takes place overa longer time than if the person hit the floor. The increase in
time means that less force is required to achieve the same change in momentum, which makes the fall less dan-
gerous.

B is correct. The pulley does not change the work, so it does not change the rate ar which work is done. The
power is work/time or mgh/t.

B is correct. The eccentric pulley does not work on the principles of a normal puliey but, instead, works on the
same principle as a lever. The lever arm for the string at point A in position 1 is greater than that for point B in
position one. In position 2, the reverse is true. The lever is stationary, so the sum of the torques must equal zero,
or the clockwise torque equals the counter-clockwise torque. Where the lever arm is greater, the tension force
must be less.

B is correct. Machines are used because they decrease the force required to perform a task. An ideal machine
requires the same work as would be done without the machine, but a non-ideal machine requires more work
because frictional forces must be overcome,
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A is correct, By zigzagging, she is basically using a ramp. Her path is not as steep, but it is longer. The work re-
mains the same, but the force is lessened.

C is correct. The work cannot be decreased by a machine. Therefore, Fd = mgh. d = 300/25 = 12.

Cis correct. For a lever F I, = F,l,. The radii of the two pulleys act as the lever arms for the system, so increas-
ing the diameter of pulley A will decrease the force required to pull rope A. Changing the lengths of the ropes
will have no effect on the machine.

B is correct. The formula for machines is Fy . éioou = Foupuoupur Where 4 is the distance over which the forces
act. If mechanical advantage is equal to (output force)/(input force) , then it must also be equal to (input dis-

tance)/(output distance).

C is correct, For an inclined plane, Fd = mgh, so (50 N)d = (1000 N){(1 m) and d = 20 m.

C is correct. Since Y is not normally found in the meteorite, we assume that all the Y came from the decompo-
sition of X. The total amount of X originally, then, must have been 15%. The amount left is 10% of 15%, or 1.5%.
We count on our fingers to find the half-lives. 50%, 25%, 12.5%. A little more than 3 half-lives. 3 times 45 is 135
plus a little more is 140.

B is correct. This is a reverse collision. The initial momentum is zero; so, the final momentum must be zero. The
momentum of the alpha particle is approximately mv = 4 x 107. The momentum of the other particle, Rn-220
must be equal in magnitude and opposite in direction. Thus, the velocity of Rn equals (4 x 107)/220. This
quickly rounds to 4 x 107/2.2 x 10* whichis slightly less than 2 x 10° or choice B.

D is correct. This is a simple exercise in plug-n-chug. Whenever there is some mysterious missing mass, E = mc’.

D is correct. First count the change in protons in order to discover the identity of the final atom. In this case,
each alpha decay results in the loss of 2 protons, and each beta decay results in the gain of one proton.
(Remember, create a negative, create a positive.) Thus, we have a net loss of 2 protons, and we know that our
atom is Pb. Now we track the change in the mass number. Each alpha decay loses 4 mass units and each beta
results in no change in the mass units. (Beta decay is an exchange of a proton for a neutron.) This means a total
loss of 8 mass units for a new mass number of 208.

B is correct. This is a half-life curve, for equal units of time the amount divides by 2.

B is correct. The half life is the amount of time it takes for half of the isotope to decay. The graph decreases from
60 g to 30 grams in 2.5 hours, so the hall life must be 2.5 hours.

. 210 206 4
Ais correct. 5 Bi—= B Pb+io+ §

A is correct. In alpha decay, a particle identical to a helium nucleus is released, so the mass number will change
by 4. None of the other processes will change the mass number.

EXPLANATIONS TO QUESTIONS IN LECTURE 5

97.

98.

99.

D is correct. Atmospheric pressure supports the column of fluid. The pressure at the bottom of the column must
be equal to atmospheric pressure. The pressure is equal to pgh. If p is decreased by a factor of 13.6, the height
must be increased by the same factor. Notice that, given the choices, there is no need to do the math. Every other
answer is less than 10 times as tall.

C is correct. The only difference between the two discs is what they are covering. Ignore everything else. The
first disc has atmospheric pressure pushing upward; the second disc does not. This is the difference between
the forces necessary to lift them.

C is correct. The brick displaces a volume of water equal to its own weight. Since its density is 1400 kg/m’, its
density is 1.4 times that of water, and it must displace a volume of water 1.4 times its own volume. Since this
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is only '/2the volume of the Styrofoam, the full volume of the Styrofoam must be 2.8 times larger than the vol-
ume of the brick.

D is correct. The balloon rises because the buoyant force is greater than the weight. When these forces are equal,
the balloon will stop rising. Thus the balloon stops rising when: p,, Vg = P V8. The volumes are always equal
because the balloon is always fully submerged in the atmosphere. Another way to look at this problem is to see
that the balloon is fully submerged in the fluid atmosphere. We want the balloon to float, not rise or sink, so we
use the floating equation: Fraction submerged = P/ Prae- The entire balloon is submerged, so the fraction
submerged is equal to one.

C is correct. If you have forgotten the floating equation, the quickest way to do this problem is to take the ex-
ample to the extremes. If the specific gravity of the toy were 0.999, the toy would be almost the same weight as
water and, of course, only a very small part would float above the water; 0.001/1 = 0.1%. The specific gravity
must be how much is under the water. Now we look at the example in the question. 45% must be under water
so 55% must be above. To solve this problem mathematically, we set the buoyant force equal to the weight of
the toy,

pwutervsubmcrgcd fraction of the toyg = ptoyvtoyg :
We end up with the ratio:
\Y

submerged fraction of the toy/ Vtoy = ptoy/ pwater

The right side of this equation is the specific gravity, and the left side is the fraction of the toy submerged. To
find the fraction of the toy above water, subtract the submerged fraction from 1.

B is correct. The pressure on both sides is the same. Force is equal to the product of pressure and area, so the
force will be larger on the side with the greater area.

A is correct. The formula for fluid pressure is P = pgh. If the density is changed, the pressure will change by the
same ratio. Since the specific gravity of ethyl alcohol is 0.8, the pressure will decrease by a factor of 0.8.

D is correct, Pressure depends only on depth and density, not on the shape of the container.

D is correct. The cross sectional area A is increased by a factor of 4 when r is doubled: A = nr*. Since ( remains
constant, the velocity decreases by a factor of 4, Q = Av. From Bernoulli’s equation, we see K = P + 2 pr’. We
know that the 'z pv? term decreases by a factor of 16, however, we don't know the amount and thus we don’t
know by how much P increases.

B is correct. The fluid at A, C, and D is at atmospheric pressure. The fluid at B is at atmospheric pressure plus
pgh.

A is correct. Since the molecules of water are more attracted to the soil than to other water molecules, the shape
of the menjscus is concave. The surface tension creates a net force which pulls the water upward.

D is correct. Increasing the length increases resistance to flow, AP = QR. All other factors mentioned decrease
the resistance to flow. Notice that this question is concerned with a real fluid. For an ideal flow, there is no vis-
cosity, and the radius and length of the pipe do not affect flow rate of an ideal fluid.

D is correct. The equation for velocity of fluid from a spigoet is derived from Bernoulli’s equation. The relation-
ship is 2gh = ¥%, and I is proportional to v*, which is reflected in the graph in answer choice D.

B is correct. The drop with stronger intermolecular forces will have greater surface tension, which will cause it
to bead up more.

C is correct. For ideal flow, volume flow rate is constant at all points, so the volume flow rate will be equal at
points A and B.

A is correct. The equation governing the speed is v = /2gh . As h decreases, so does v.

D is correct. The pressure at the bottom of the column is given by pgh. Setting this equal to maximum pressure
we get 12 x 10° = 4000 x 10 x J.
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A is correct. The Young’s modulus for any substance is a constant.
B is correct. Using the formula for Young’s modulus we have:

strain = (5.4 x 10*/6 x 10™)/9 x 10°.
Thus strain equals 10, This is 0.1%.

D is correct. The weight per unit area cannot exceed one fifth of the yield strength. Convert 1.5x10° kg to 1.5x10°
N. Divide the yield strength by 5 and set this equal to the weight per unit area.

(0.5x10° N/m?) = (1.5x10° N)/A
A = (1.5x10° N)/(0.5x10° N/m?) = 30 m*

B is correct. The strain must remain the same. The deformity of the shoe will double with the height vecause
F/A does not change. This keeps the strain (Ax/h ) the same.

A is correct. Copper has the largest value for Young’'s modulus, so it will undergo the least strain for a given
stress.

D is correct. Young's modulus for lead is one-fourth the modulus for glass. So the fractional change in lead will
be four times the change for glass.

B is correct. The bulk modulus describes a substance’s resistance to pressure applied from all sides, which is
the same as the stress encountered under water.

EXPLANATIONS TO QUESTIONS IN LECTURE 6
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131.

A is correct. The period of each wave is 4 seconds so the frequency is s Hz. The wavelength is 12 meters.
v =fA.
C is correct. The formula for this problem is v = (fi/p). Although densities of solids are usually greater than the

density of gases, this would make waves move more slowly. Thus, the answer must be that solids are less com-
pressible than gasses. This means that they have a higher bulk modulus 3.

C is correct. The frequency of the waves being sent is equal to the frequency of waves being received.
Everything else is irrelevant information. Every second one wave is sent. In 10 seconds, 10 waves are sent.

B is correct. Sound level (B) is related to intensity (I} by B = 10 log (I/1.), so a change of 20 dB in sound level
means that [ is 100 times greater at 5 meters. The intensity of a sound wave is proportional to the square of the
amplitude, so to change the intensity by a factor of 100 requires a change in amplitue by a factor of only 10. This
question requires you to consider two relationships. Although you should know both relationships for MCAT,
that's probably one step more than a real MCAT question would require.

B is correct. By definition. (See the first page of this lecture)

C is correct. Frequency is related to both wavelength and period by inverse relationships. There is no direct
mathematical relationship between amplitude and frequency.

A is correct. If it takes 1 second for the wave to go to the bottom and back, it must take 0.5 seconds for the wave
to reach the bottom. We know that vt = x, and x Is the depth in this case. So, (1500 m/s)(0.5 sec) = 750 m.

A is correct. A 10 dB increase means that the intensity is increasing by a factor of 10, so if the intensity is only
doubled, there will be Jess than a 10 dB increase (actually, it's about a 3 dB increase).

B is correct. The pattern repeats twice between the dotted lines.

D is correct. This is the definition of interference. The displacements of two superimposed waves are summed
all along the wave.

C is correct. An audible beat frequency requires that the two sound waves have close frequencies.
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D is correct. When energy is added to a structure at one of its natural frequencies, the amplitude reaches some
maximum value. At this point, damping effects create an energy loss at the same rate at which energy is ab-
sorbed, and the total energy of the structure is constant. A standing wave is produced.

B is correct. The formula for the third harmonic closed on both sides is L = 34/2. Here, L 1s 0.5 m. Thus A = 0.33 m.

B is correct. When two slightly different frequencies are sounded at the same time, they will create beats with
a frequency equal to the difference. So 883 Hz — 879 Hz = 4 Hz.

B is correct. The first and second harmonics are the only consecutive harmonics that have a ratio of 1 to 2. The

second harmonic is the length of the string. Alternatively, use the harmonic series formula, L. = n72L" , to find n.

n(ﬁzl.()) =(n b 12)(20) From this you can find that n = 1. Now plug n = 1 back in to find L. L= (1)(510) =2.0.

D is correct. If there is perfect constructive interference, the amplitudes will add (6 + 3 = 9). If there is perfect
destructive interference, they will subtract (6 — 3 = 3).

B is correct. The period of a pendulum is not related to the mass of the bob. It is similar to projectile motion in
this respect. It is possible to think of a pendulum like a ‘guided” body in free fall.

C is correct. As shown earlier in the lecture, kinetic energy of a pendulum can be described by a sine wave with
energy fluctuating between zero and some maximum.

C is correct. The square of the amplitude is proportional to the intensity.

D is correct. For the frequency to increase, the relative velocity must move the source and observer toward each
other. Be careful. The relative velocity does not dictate at what frequency the sound is heard. A wind can also
change the frequency by changing the velocity of the sound, but, even with a wind, the source and the observer
must have a relative velocity.

D is correct. The velocity of the wave on a string is a function of the properties of the string, so it will remain
constant. The wavelength of a standing wave is determined by the length of the string, so it will remain con-
stant. If the velocity and wavelength are constant, then frequency is constant too.

C is correct. The pendulum is at its greatest speed at point A, so it will be at it's greatest kinetic energy. All of
the other quantities are at zero at this point.

B is correct. Remember, frequency of a pendulum is related to the square root of g/I. High above the earth, the
acceleration due to gravity will decrease. If g decreases, the frequency will decrease. If the frequency of the time-
keeper decreases, the clock will slow down.

B is correct. Harmonic motion is motion that is repeated over and over again. There is no repeated action in the
fall of a skydiver.

EXPLANATIONS TO QUESTIONS IN LECTURE 7

145.

146.

147.

C is correct. This is a units question. 100 N/C is equivalent to 100 V/m. The one coulomb experiences 100
Newtons of force. This is a measure of the strength of the electric field: 100 N/C. Another way to say 100 N/C
is 100 V/m. The plates are one meter apart, so they must have a 100 volt potential difference.

B is correct. The forces are conservative so if we turn the picture 907, this is just like gravity, mgk; the vertical
distance &, and not the horizontal distance, is what matters. Similarly, in the question, only the distance against
the electric field matters. The work required is the force times the distance parallel to the field or Egd.

A is correct. The force is given by Coulomb’s law, F = k gg/7*. The electrostatic force changes with the square of
the distance between the centers of charge.
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C is correct. The electric field above an infinitely large electric plate remains constant with distance. You can vi-
sualize this by imagining the electric field lines. The lines are perpendicular to the plate and have nowhere to
spread. By bending in one direction or anothez, they would increase their distance from one line, only to de-
crease their distance from another line. Since the lines would remain at an equal distance from one another, the
electric field would remain constant.

B is correct. This problem is about energy. The system has a total electric potential energy of U = kqq/r.
Remember, the forces acting are conservative so mechanical energy is conserved. Thus, as the first particle is
propelled away from the second, electric potential energy is converted to kinetic energy. When the first parti-
cle moves 25 cm, it has doubled its distance of separation. From U = kgg/r, we know that the first particle has
lost half of its potential energy to kinetic energy when r is doubled.

T
hgz—k;,z

When the first particle is infinitely far from the second particle, it will have lost the rest of the electric potential
energy to kinetic. In other words, it will have twice the kinetic that it had at 25 cm. We know from K.E. = "2 mo*
that if we multiply the K.E. by 2, we must multiply the velocity by the square root of 2 or approximately 1.4. 1.4

times 10 equals 14 m/s.
7 1.4
2
E - ]'myf
; 2

A is correct, The field lines are directed away from both charges, so by definition they are both positively
charged.

A is correct. Doubling both masses will increase the attractive gravitational force. Choice C is wrong because
doubling both charges will increase the repulsive electrical force. Choices B and D will not change the forces at
all.

B is correct. Electrostatic forces are conservative, so the work done by a force against them is conserved in po-
tential energy. A volt is a joule/coulomb, so you can get voltage by dividing work by charge. (90 J)/(10C) =9
J/C=9V.

A is correct. The electric field inside a capacitor is constant. By definition, a dipole has equal but opposite
charges on either end. The force on each end of the dipole is Eq and in opposite directions. The net force is zero.

B is correct. The effective resistance is 3 £2. The voltage divided by the effective resistance gives 4 amps coming
out of the battery. The 4 amps split evenly at the node before A and B; 2 amps through each resistor.

D is correct. Increasing the voltage across the plates would increase the amount of charge on the capacitor but
not the capacitance of the capacitor. Capacitance is defined by C=Q/V.

A is correct. The energy for the light comes from the battery. The rate at which the energy is released is the
power. P = ’R. Since the voltage remains constant, the change in the current will produce the greatest change
in the power. Where more light bulbs are attached, the resistance goes up and the current goes down; thus the
power goes down and less light is produced.

C is correct. This is Kirchoff’s first rule: current flowing into a node must also flow out. Since the resistors have
equal resistances, the current is the same in both parallel branches. Thus 4 amps flow into the node from both
branches. Therefore 8 amps must flow out of the node.

D is correct. A Watt is a joule/sec. So you can get Joules by multiplying power and time. Don't forget to con-
vert time to seconds. So (60 W){60 sec) = 3600 ].

D is correct. Adding a resistor in paralle] decreased the overall resistance, which will increase the current and
the power. The voltage of the battery is not affected by changes in the circuit.
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C is correct. Choice A comes from V = IR, with I replaced by C/sec. Choice B comes from P = I'R. Choice I
comes from P = V*/R.

C is correct. The maximum voltage is given by V,.. = 1/5 Voo

B is correct. A magnetic field runs from magnetic north to magnetic south. The north pole of a compass needle
points to the south pole of the earth’s magnetic field, which is near the geographic North Pole.

D is correct. You must remember that the force is perpendicular to both the velocity and the magnetic field. You
may recall from Lecture 1 that since velocity and the magnetic field are both vectors, and their product, force,
is a vector, the product will always be perpendicular to the other two vectors.

A is correct. We can either memorize the Bio-Savart law, B = pi/2nr, or visualize how the energy of the field is
spread from the wire. As we move away from the wire, the energy spreads out over a cylinder surrounding the
wire. The circumference of this cylinder increases directly with the radius. In other words, if we double the ra-
dius, or distance from the wire, there is twice as much room over which to spread the energy.

C is correct, The electric field between the plates will push a positive charge to the right, so the magnetic field
must push the drop to the left t counter the force. The right hand rule shows that a magnetic field coming out
of the page will push a falling positively charged drop to the left.

D is correct. A charged particle moving parallel to magnetic field lines experiences no force. Remember,
F = quBsin®. If 6 is zero, then F is zero.

A is correct. Lenz’s law says that current will flow in a loop of wire to oppose the changes in magnetic field in-
side the loop. If the field strength is decreasing, then current will flow to try to increase field strength. Using
the right hand rule, yout can see that a clockwise current will create a magnetic field inside the loop.

B is correct. Since the path is circular, the particle must be traveling at 90 degrees to the magnetic field (other-
wise the path would be helical). The centripetal force is equal to the magnetic force. So, quB = mv*/r. If you solve
for g, you get muv/Br.

EXPLANATIONS TO QUESTIONS IN LECTURE 8

169.

170.
171.

172,
173.

A is correct. The ray will turn toward the normal as it enters the glass and away from the normal as it exits the
glass.

Light (

source

B
C

%{A

Window

D is correct. Blue has the highest frequency of the given choices. Remember, ROY G. BIV.

A is correct. We are given ‘km’; we want ‘years’. We work with the units as follows: km x s/ m X min/s x
hrs/min x days/hrs x yrs/days x m/km. Everything cancels but years.

D is correct. Reflection is indicative of either wave or particle theory.

Cis correct. Light passes through the piece of glass as shown below. Only the thicker glass directs the light to-
ward A.
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174.

175.

176.

177.
178.
179.

150.

181.

182.

183.

184.
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light source light source ht source light source

3 ig.lass,

D is correct. As the light is dimmed, less and less energy is available to the light bulb until, at the last moment,
there is only enough energy to produce red light.

B is correct. We can find the speed of light through glass by using the index of refraction. n = ¢/v, or v = ¢/n=
(3% 10%/1.5 = (2 x 10°). Once we know the speed of light in glass, we can use x = of. Rearrange the equation to
solve for f and change cm into meters. t = (1 x 10%)/(2x 10%) =05 x 10" =5x 10"

A is correct. Choice A describes refraction, not diffraction. Roughly speaking, diffraction occurs when waves
bend around corners.

B is correct. Focal distance is equal to one half the radius of curvature, f="Ar.
D is correct. m = d,/d,.

B is correct. According to the lens maker’s equation, as the refractive indices of the lens and the surrounding
medium approach one another, the lens will lose its effect. However, you don’t need the lens maker’s equation
to visualize this. If we use our technique of taking examples to their extremes, we can imagine a lens made out
of water. When we use the lens in the air, it acts as a magnifying glass; when we use it in water, it doesn’t work.
If the water were at a slightly different temperature to change the index only slightly, the water lens would bend
light only slightly under water.

A is correct. Virtual images are called ‘virtual’ because they are not really there, so they cannot be projected on
to a screen. Real images can be seen if they are focused into the eye or projected onto a screen. Diverging lenses
and convex mirrors, by themselves, can only create virtual images.

B is correct. The light ray is bending in the wrong direction. This is a diverging lens, it should diverge parallel
light rays.

~ed 1531105

C is correct. The light rays that bounce off a flat mirror do not intersect in front of the mirror, so to create an
image, you follow them back to their implied source behind the mirror. That’s where the virtual image appears.

A is correct. An increase in the index of refraction of a lens will increase the bending of the light rays, which
will increase the power of the lens. Alternatively, you can look at the lens maker’s equation to see that increas-
ing n; will increase 1/f. Increasing the radius of curvature of one side will flatten the lens and reduce the
amount that it refracts light, thus decreasing its power. Since P = 1/f, an increase in f will decrease the power.

Cis correct, f=r/2. 50if fis 4, then r is 8.
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D is correct. The thin lens equation is '/, = '/ + !/d,. The object distance is always positive. This results in a
value of 4/3 for d,. Since this value is positive, the image is behind the lens where the ‘eye” is. Remember, I (eye)
am positive that real is inverted.

B is correct. This one is tricky. First of all, a convex mirror can’t make an inverted image so A and C are out.
Secondly, The focal point on a concave mirror is positive. Thus, from the thin lens equation, 1/f=1/5 + 1/4d.
Since the image and the focal distance are positive, the focal distance must be less than 5 (which is the same as
saying 1/f must be greater than 1/5).

A is correct. The object is outside the focal distance of a converging mirror; the image will be positive, real, and
inverted. The thin lens equation gives 2= "%+ 1/d.. The image distance is four, so the magnification is negative
1. The negative means that the image is inverted.

D is correct. The focal distance is negative so the lens is diverging and the power is 1/f.

D is correct. See question 187 If the lens is diverging then the image and the object cannot be at the same dis-
tance, 1/f=1/d, + 1/d,. Since 4, is negative, the focal distance would have to be infinite; a flat lens.

D is correct. When an object is placed at the focal point of a lens, the rays will emerge parallel on both sides of
the lens. If the rays never intersect, then no image is formed, If you use the thin lens equation, you’'ll get an
image distance of infinity.

1 1 1

fof o=
B is correct. If an object is placed at a very large distance from a lens, we can think of it as being placed at in-
finity. For an object placed an infinite distance from a lens, the image will appear at the focal point.

1 1 1

foe=f

C is correct. A converging lens is the only one of the choices that produces an inverted image on the side op-
posite the object.
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INDEX

A

absolute pressure 78

adhesive forces 88

alpha decay 66, 70-71
alternating current 132
amplitude 98-100, 102, 104, 107, 113
angle of incidence 141-142, 149
angle of reflection 141-142
angle of refraction 141-142
angular magnification 150
angular wave number 99
annihilation 66

antinodes 105

B

battery 124-125, 127, 130-131
beat frequency 103-104, 107
Bernoulli’s equation 84-85, 87
beta decay 66, 71

bulk modulus 92, 95, 99
buoyant force 79-80, 83

C

capacitor 119, 125-127, 130

capillary action 88-89

center of buoyancy 80

center of charge 116

center of gravity 18

center of mass 18, 22-23, 37-38, 53, 80, 87, 116
centripetal acceleration 26-27
centripetal force 26-28, 133

charge 66, 115-123, 125-127, 132-135, 138-139
chromatic aberration 148

chromatic dispersion 143

circular motion 3, 24, 27

coefficients of friction 31

cohesive forces 88

component vectors 3-4

concave mirror 146, 152, 157
conductors 123

conservative force 46-47, 50
constructive interference 103, 105, 143
contact forces 19-20, 27

continuity equation 34, 87
converging 146-147, 151-152, 155, 157
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converging lens 146, 151-152, 157

convex mirror 146, 152, 155, 157

Coulomb’s law 115-118

critical angle 142-143

cross product 2

current 81, 109, 115, 123-124, 129-135, 137-138
current eddies 135

D

decibels 101

density 18, 42, 74-75, 77-84, 99-100, 102, 104

destructive interference 103

dielectric constant 127, 130

direct current 132

displacement 4-12, 29, 32, 44-45, 49, 61, 98-99, 103, 105-
106, 108-109, 113, 118, 132-133

distance 4-5, 8-11, 14, 16, 19, 23, 28-29, 35, 40-41, 44, 52,
60-64, 78, 84-85, 89, 103, 106, 11(, 115-118, 120-123,
125-126, 130, 137, 149-152, 155, 157

Doppler Effect 110-111

dot product 2

drift speed 123

dual nature 140

dynamic equilibrium 37, 61-62

E

effective resistance 128

elastic collisions 53-54

elastic potential energy 44, 108
electric dipole 119

electric dipole moment 119

electric field 117-121, 123, 125, 127, 132, 134-135, 137,
139-140, 142

electromagnetic force 18

electromagnetic wave 139-140

electromotive force 124

electron capture 66, 71

elevation head 87

energy line 87

equilibrium 37-42, 45, 47, 49, 51, 1535, 61-62, 175, 179,
108, 1117, 122

equipotential surfaces 119

F

Faraday’s law of induction 134
field 46-47, 53, 102, 116-121, 123, 125, 127, 132-135, 137-
140, 142 .
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fission 68, 70

fluid 31, 73-80, 83-90, 123-127, 148

fluid pressure 76-78, 83

fluids at Rest 76

fluids in Motion 83

flux 134

focal length 147-148, 150-151, 155, 157

focal point 147-148, 155, 157

fracture point 32, 91

frequency 27, 39, 66, 98-100, 102-104, 106-111, 113, 139-
140, 142-144, 148

friction 14, 19, 22, 25, 31-32, 35, 39, 45-48, 50, 52, 58, 60,
63, 83, 86

fundamental wavelength 106

fusion 68

G

gamuma ray 66

gauge pressure 77-78, 87

geometrical optics 141, 143

gravitational force 17-18, 23, 25, 27, 29, 73, 115, 118

gravitational potential energy 44, 47, 52, §4-85, 87, 113,
118

gravity 13, 18-19, 23-25, 27-29, 38, 44, 46-47, 49, 52, 61,
73, 75-76, 79, 81, 95, 100, 108, 116-119, 121

gravity waves 100

H

half-life 65, 70

harmonic series 105-106

heat 45-48, 50, 129, 134-135

Hooke's law 32-33, 35-36, 44, 46-47, 53, 57, 91, 108-109
hydraulic gradient line 87

hydraulic lift 60, 78, 81

|

ideal fluid 83-87, 89-90

impulse 57, 75-76

inclined plane 25-26, 29, 31, 60

index of refraction 140, 142-144, 148-149, 151
induction 123, 134

inelastic collisions 53-54

inertia 13, 17, 20, 53, 99

infrared 139

intensity 88, 100-102, 104, 113, 140, 142
intensity level 101-102

internal energy 45, 47, 50, 53-54, 60, 135
irrotational flow 84, 86

isotropic light 140

K

kinetic energy 44-47, 49, 58, 73, 76, 84-85, 99, 108, 113,
127,135, 141

kinetic friction 31, 35, 39, 47

Kirchoff’s first rule 124

Kirchoff’s second rule 124

L

laminar 84

lateral magnification 149-150, 155

Law of Conservation of Energy 45, 48, 53, 115
lens maker’s equation 148, 152

lenses 145-148, 151-152, 155

Lenz’s law 134

lever 40-41, 43, 60-62, 64

Light 67, 104, 110-111, 130, 139-153, 155, 157
lines of force 117, 132

longitudinal wave 97-98

M

Machines 53, 55, 57, 60-61, 63, 65, 67, 69

magnetic field 47, 53, 132-135, 137-139

magnetic flux 134

mass 14-20, 22-23, 26, 29, 32-33, 35, 37-39, 4145, 49, 52-
53, 56-58, 60-64, 66-68, 70-71, 74-75, 78, 80-81, 84, 87,
95, 99-100, 108-110, 113, 116-119, 121-122, 125, 129,
138

mechanical energy 4447, 53-54, 119, 129, 134-135

mirrors 145-148, 150-152, 155

modulus of elasticity 91

mementum 53-55, 57-59, 61, 63, 65, 67, 69, 75-76, 97, 104

N

near point 150

Newton’s First Law 20

Newton's Law of Universal Gravitation 23
Newton's Second Law 20, 23, 25, 27
Newton's Third Law 20, 23, 33
node 105-106, 124, 128
nonconservative forces 46-47
nondispersive 97, 99, 103
nondispersive medium 99, 103
normal force 19, 25-26, 31, 49, 73

0
Ohun’s law 86, 124-125, 128-129
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P

parallax 145

Pascal 76, 78

Pascal’s principle 78

pendulum 11, 3%, 109-110, 113, 135
period 65, 98-99, 102, 109-110, 113
phase 98, 103-104, 107-108

phase constant 103, 108
piezometer tube 87

piezometric head 87

positron emission 66

potential energy 44-47, 49, 52, 58, 84-85, 87, 99, 108, 113,
118, 120, 127

power 50, 52, 63, 100, 129, 131-132, 148, 151, 155
poynting vector 139

pressure head 87

projectile 3, 7, 10, 13-16, 100

projectile Motion 3, 7, 10, 13-14

pulley 39, 60-64

Pythagorean Theorem 34

R

radioactive decay 53, 55, 57, 61, 63, 65-67, 69-71

radius of curvature 133, 147, 151

ramp 6, 29-30, 60-62, 64

ray-diagrams 147-148

real image 145, 151

resistance 13-16, 22, 31, 33, 38, 73-74, 83, 86, 99, 123-125,
128, 130

resistivity 123, 135

resistors 123, 128, 130-131

resonant frequency 106

rest mass energy 67

right Hand Rule 3, 133-134

S

scalar 2-4, 7, 44-45, 50, 54, 76, 119, 123

shear modulus 92, 95

simple harmonic motion 108-109, 132

sinusoidal function 108

sinusoidal wave 99

sound 97, 99-102, 106-107, 110, 113

specific gravity 75, 79, 81, 95

speed 4-6, 12, 14, 16, 22, 27, 30, 36, 39, 52, 58, 67, 76, 86,
90, 99-100, 102, 110-111, 113, 123, 138-140, 142

spherical aberration 147-148

spherical mirrors 147

standing wave 105-107

static equilibrium 37, 41-42
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static friction 31

static pressure tap 87
strain 83, 91, 95
streamlines 85

stress 83, 91-92, 95
strong nuclear force 1§
surface tension 88-89
surface waves 100

T
tension 19, 28, 32-33, 35-36, 39, 42, 61-563, 88-89, 85, 09
the point of rotation 40-41

thin lens equation 150

torque 37, 40-43, 45, 47, 49, 51, 155, 61, 175, +79-80, t117
total internal reflection 142

transverse wave 97-98, 139

tube of flow 85-86

U
ultraviolet 139-140
universal Law of Conservation of Charge 115

\'

vector 2-7, 25, 31-32, 40, 53-55, 110, 117-118, 120, 139

velocity 2, 4-14, 16, 22, 26-29, 35, 37, 39, 49, 52-53, 56-58,
61-63, 70, 73, 76, 84-87, 89, 98-100, 102, 106, 108-111,
113, 121, 127, 132-135, 137, 141

velocity head 87

virtual image 145, 151

viscosity 31, 83, 86, 89

voltage 86, 119, 122-127, 129-132, 137

volume flow rate 84, 86, 89-90, 124

W

water 16, 74-75, 78-79, 81-83, 88-9(1, 99-100, 102, 140, 144-
145, 151

wave 97-100, 102-111, 113, 132, 139-144

wave pulse 104

wavelength 98-100, 102-107, 110-111, 113, 139-140, 142-
143

weak nuclear force 18

weight 17, 20, 22-23, 25, 29, 36, 39-40, 42, 74, 76-81, 87-
83, 99

work 26, 44-50, 52, 54, 58, 60-62, 77-78, 92, 118-119, 121-
122,125, 127, 133-134, 151

Y
yield point 32, 91
Young's modulus 92, 95



An UNEDITED STUDENT REview -

An Unedited Student Review of This Book

The following review of this book was written by Teri R—. from New York. Teri
scored a 43 out of 45 possible points on the MCAT. She is currently attending
UCSF medical school, one of the most selective medical schools in the country.

“The Examkrackers MCAT books are the best MCAT prep materials 1've seen-and 1
looked at many before deciding. The worst part about studying for the MCAT is figur-
ing out what you need to cover and getting the material organized. These books do all
that for you so that you can spend your time learning. The books are well and carefully
written, with great diagrams and really useful mmemonic tricks, so you don't waste time
frying to figure out what the book is saying. They are concise enough that you can get
through all of the subjects without cramming unnecessary details, and they really give
you a strategy for the exam. The study questions in each section cover all the important
concepts, and let you check your learning after each section. Alternating between read-
ing and answering questions in MCAT format really helps make the material stick, and
means there are no surprises on the day of the exam-the exam format seems really fa-
miliar and this helps enormously with the anxiety. Basically, these books make it clear
what you need to do to be completely prepared for the MCAT and deliver it to you in a
straightforward and easy-to-follow form. The mass of material you could study is over-
whelming, so 1 decided to trust these books —I used nothing but the Examkrackers books
in all subjects and got a 13-15 on Verbal, n 14 on Physical Sciences, and a 14 on
Biological Sciences. Thanks to Jonathan Orsay and Examkrackers, | was admitted to all
of my top-choice schools (Columbia, Cornell, Stanford, and UCSF). I will always be
grateful. I could not recommend the Examkrackers books more strongly. Please contact
me if you have any questions.”
Stncerely,
Teri R—
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