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Answer:

The correct answer is 4. Recall that velocity (=Aposition/Atime) represents the slope of a
position-time graph. A constant slope (straight line) on the position-time graph represents a
flat line on the velocity-time graph, and a changing slope on the position-time graph will
represent a changing velocity: increasing velocity for a concave upwards position-time cutrve,
and decreasing velocity for a concave-down position-time curve.
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a.»+ 9.8 m/s’

b. %+ 4.9 m/s’

c.e T 9.8 m/s’

d.0 m/s’

e. byt

Answer:
The correct answer is ¢. The ball, even as it moves upwards and sideways through the air,
experiences a force of gravity acting on it, which causes it to accelerate downwards at g.
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a.29 m/s

b.16 m/s

c.14 m/s

d.9 m/s

e.8 m/s

Answer:
The correct answer is ¢. This is a conservation of energy problem, with Work done on the

ball contributing to increased potential and kinetic energies. Using g = 9.8 m/ %
W=U+K

Fd=mgh + %mv2

. [2(Fd - mgh)
m

V_JZ(13.2'10—1'10°10)
1

vy 222 ~8m/s

This constant net force / constant acceleration problem may also be solved using
kinematics/ F,, = ma:

Fner =ma

Ezppifed - F:!,’ =ma

o P =F, _132N-(k)98m/s™) 5,
m lkg

v}f =v' +2alAx

v, =yJ0? +2(3.4m/s*)(10m) =8.0m /s

Using g = 9.8 m/s” in either analysis will give a slightly more accurate answer of 8.25 m/s.
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Answer:

The correct answer is 4. The ball takes a time # to fall from the table, as determined here:

Ay = vt +Lat’
g 289, (2
-8 8

Hortizontally, during that time the ball travels at constant velocity:
Ax =vt

2h
x=v"—
8
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a. R HiEARY c E R EH 4D 9.8 m/se

LAY HiERY &2 - $F29.8me
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b\ éS‘-" b\

o o0 T

Answer:
The cotrect answer is 4. By definition, an object accelerating at 9.8m/s, per second, has a
velocity that changes by that amount.

While choice ¢ is correct in identifying a velocity as the integral (with respect to time) of
acceleration, the actual value of that integral will vary depending on the conditions (initial
velocity, etc) of the problem.
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Answer:
The correct answer is ¢. The acrobat reaches her height in the first instance based on the
initial vertical component of velocity, v, :

2 2
v, =v-2ay

0-v> v? W
. “2g 2

For the second situation, the vertical velocity » is
greater than v, from before, by a factor of 2. Using this information:

' A
, )’
Y= e
v
,_(mﬁ)z_zvz_2
s i T
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Answer:

The correct answer is 4. The rock has constant horizontal velocity, and therefore no
horizontal acceleration. Vertically, the rock’s velocity is constantly changing, slowing down
as it ascends, and speeding up as it falls. Its net acceleration, or change in velocity per unit
time, is always in the downward direction.
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Answer:

The correct answer is ¢. The object begins to fall from a height 4 in the negative direction,
accelerating as it falls, so it's covering a greater and greater distance per unit time. This is
consistent with the displacement graphs a, ¢, d, and e. The object's speed increases with time,
but its velocity is in the downward, or negative direction, as indicated in the velocity-time
graph for answer .
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Question:
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I gy

3em/s” B 45 £C
a. 10 s

b.9 s

c. 900 s
d.1s

e. 90 s

Answer:
The cotrect answer is «. Slowing down at 3.0 cm/s, every second, implies that the car will
take 10 seconds to go from 30, to 27, to 24, to 21 cm/s, etc., all the way down to 0.

The kinematics analysis reveals this as well. Giving the car an initial positive velocity means
that the acceleration for “slowing down” will have to be in the opposite direction of that
motion, 1.e. negative:

v,=Vv,+at

g Vo _0-30cm/s _

10s
a -3.0cm/s*
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Answer:

The correct answer is 4. The falling object, when released from rest, has an initial
acceleration of 9.8 m/s” (if near the surface of the earth). As its velocity increases, it collides
with air molecules at an increasing rate, thus reducing the rate at which it accelerates. (The
acceleration is usually modeled as a function of » or ##, depending on a number of factors.)
The acceleration continues to decrease until the acceleration of the object is 0, at which
point the velocity of the falling object remains constant.

The only graph consistent with this analysis is 4, where the acceleration curve can be seen to
be approaching zero asymptotically.
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Question:
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Answer:
The correct answer is ¢. To determine the vertical height reached by the ball, we focus only
on the vertical aspects of the ball’s motion.

The ball has an initial vertical velocity of 20 sin 30, or 10 m/s. The ball’s final vertical
velocity at the top of its path is 0 m/s. Using kinemati
can be determined:

v;=vi2+2aAy

2 _ 2 B 2
Ay=vf V; =0 (10m/i) _5m
2a 2(-10m/s")

The ball has a horizontal aspect to its motion as well, of course—a horizontal velocity of
20 cos 30 = 17.3 m/s, and no acceleration—but these qualities are independent of the ball’s
vertical motion.
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The correct answer is e. We can use the position-time function for the object to identify the
objects position, velocity, and acceleration in a couple of different ways.

2
The calculus approach is based on the fact that v= % ,and a = Z—f ,Of @ = ? . Applying
t t t
these relationships to the model, we see that
d 2 d
v=—I(1.5¢t"+2¢-1 a=—I(3t+2
dt( ) and dt( )
v=3t+2 a=3

By using # = 0 in the x(2), #(2), and 4(?) equations we can see that none of the statements a-d
are true. Instead, at time # = 0 the object has an intial position of -1.0 m, a velocity of 2.0
m/s, and an acceleration (constant throughout its motion) of 3.0 m/s”.

A non-calculus approach to solving this problem would consist of comparing the equation
with the kinematics equation x; = x; + v, + %atz . Rearrange this kinematics equation and
compare it with the equation of the object’s motion:

X 2

X 2 Ot

Here we can clearly identify the same initial position, the initial velocity, and the acceleration
of the object according to the terms and coefficients in the equations.
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horizontal path level
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distance?

a.l.om
b.3.0 m
c.4.5m
d.6.0 m
e.ll m

Answer:

The correct answer is e. A horizontal analysis of the ball reveals that it will reach ring 4 in 1.5
seconds:

Ax=vt
t=Ax= 3.0m _15s
v, 20m/s

During that time, the vertical distance that the ball falls can be determined:

I
Ay=vi+—at
- )

Ay= 0t+%(—10m/s2)(1 5s5)?=5225=-11m

You can also estimate the distance that the ball has traveled during the 1.5 seconds by using
average velocity: the accelerating ball has an average velocity of 5m/s during its first second
of travel. After one second of falling the ball will have dropped 5.0 meters. In the additional
half-second of travel the ball will be moving even faster, making the 11 meter answer the
logical result.
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Answer:

The correct answer is 4. The key to finding the coefficient of friction u is in calculating the
correct Normal force acting on the block.

EFy=ma

-F

applied—y .

I4d 0

ormal —

Fypoma = F SINQ + mg

‘u = Ffricrfon = f
Fypma Fsing+mg

23/1



Question:
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a. I:Mars > I:Phobos °
b. I:Phobos > I:Mars ¢
C. I:Phobos = I:Mars °
d. FPhObOS ) FMars ﬁ -?Iz E"fj_" ,J‘ E&;j‘_—}’/v\ ‘)\’ __g; Afr’ PhObOS —i FE’F ﬁjﬁﬁgﬁ °
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Answer:
The correct answer is ¢. The force of gravitational attraction between any two masses is
mm
. - i’
equal, and given by F =G 7

The magnitude of this force varies with distance 7, of course, but at any given distance, the
forces between the two bodies are equal. And while the presence of the second moon will
affect the nef force of gravitational attraction acting on a body, it doesn’t change the force
exerted by a different body.
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a.l m/s’

b.2 m/s’

c.4 m/s’

d.6 m/s’

e.8 m/s’

Answer:
The correct answer is 4. This is a Newton’s Second Law problem, using F,,, = ma, where
F,.. = the net force acting on the pulley, and # refers to the total mass of the system.

F,,=ma
Fnet
a=
m
- F; - F,
m
0= ke(®) —2kg(8)
(2kg + 3kg)

a=—g=2m/s*
Sg
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Question:

F (Newtons)
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a.l Kg

b. 2 Kg

c.d Kg

d. 5 Kg
e. 15 Kg

Answer:

The correct answer is ¢. The relationship between the force acting on the block, its mass, and
acceleration is desctibed by F=za.

F.  =ma

15N = m(5m/s*)

m = 3kg
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Answer:

The correct answer is e. The weight of the mass, approximately 100N, must be entirely
supported by the vertical component of the tension in the cable, F,. Therefore:

EFy=ma
F—F =0
F F

Tension

F, Tension — 10’\/_0/]\’ 200/ ’\/_

sin60 = (10kg)(~ 10m/s%)
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Answer:

The correct answer is ¢. The diagram suggests that the box is currently moving to the right,
and in the process of slowing down due to a force of friction that is causing it to accelerate
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in the opposite direction (slowing down the box).
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28/1



Question:

Howrea
pplie
4dm 3m

& F FFEFEF T

(20) 4ol > - B4 F g @ ica- HAdGht @ > AP HETE L 55 dn & 3 &
BaRAES ie > RaPMzZEFHIfpw4 &£+ 5 Z®?
a. F

applied

b. 2F

applied
3

C. Z Fapplied

4 3k

applied
7 pp

4
€. 7 I:applied

A
T AES

Answer:

The correct answer is 4. The problem can be solved by drawing two separate free-body
diagrams and solving F, , = ma for each body, then substituting and solving to get the
required force. It’s probably easier and faster, however, to solve F,, = ma for the system as
a whole to find acceleration...

F, =ma

F

applied

F

applied
Tm

...and then use this acceleration with the mass 3 to get the force acting between the masses:
F  =ma

net

=(4m+3m)a

a=

E
F - 3m applied
on 3m from 4m ( )( 7m )

F=3F

7 applied
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o M-mg
' M
Answer:

The correct answer is . We can analyze this situation by drawing a picture and doing a free-
body diagram for each of the two masses, as shown here. Because the pulley has negligible
mass, the force of Tension between the two masses is equal (by Newton’s 3rd Law), and we
can use Newton’s 2nd Law to determine the acceleration of the system:

M: F, =ma=Ma

Mg -F,, . = Ma (where "down" is positive)

m. Fnet =ma .
F,, .. —mg=ma (where "up" is positive)

Combine equations and solve:
Mg - (ma+mg) = Ma
(M -m)g =(M+m)a

M-m
a= 8 F Tension F Tension
M+m
Notice that we have selected different
gravlty =mg
frames of reference for the two
13 2 s " T —

masses (for 7, “up” is positive; for Faraviey=Mg
M, “down” is positive) so that the accelerations
of the masses will have identical directions.

If we don’t adjust our analysis to take the different directions into account, we’ll get an
incorrect result when we combine the two equations.
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a. 100 N

b. 10043 N

c. 100/+3N

d. 50/+/3 N
e. 50N

Answer:

The correct answer is ¢. The problem can be solved in two ways. The bar is being held in
static equlibrium, so the sum of the torques acting on the bar has to be zero. Taking the
hinge to be x = 0, one can add up the torque due to the force of gravity down (acting at the
center of mass) and the torque due to the spring scale up.

More simply, the sum of the forces in the vertical direction has to be 0. Therefore:

F,=ma = 0
B hinge — F gravity +K y—springscale - 0
Hinge and spring scale are equidistant from the center of mass, so each supports SON.
F y—springscale = 50N = F springscale Cos 30

S0 _100

F . ==
springscale /\/g /2 _\/g
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a. mgsin@—mgcosé

mg sin @ — umg cos &

mgsin @ — umg

gsin@—gcosd

gsiné@ — ugcosd

06T

Answer:

The correct answer is e. A free-body
diagram of the forces acting on the
block and an analysis using Newton’s
Second Law F, = mayields the

net

o fiiction o Normal

NN o parallel
!

answer.

/
Fe wp
¥ perpendicular
x —direction (down the ramp): F , =ma
F parallel ~ F friction =ma
F [riction T qu Normal * an’d F Normal = F perpendicular = mg COSH

mgsinf — umgcosf = ma

a=gsinf-pugcoso
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Answer:

The correct answer is 2. A free-body analysis of the student against the wall of the cylinder
shows that the friction Force fmust be equal to the force of gravity zg, and that the normal
force Fiy,ma acts as a centripetal force to keep the student moving in a circle.

Putting those pieces together, then: &
EF L Fiction
m
EF; =F iction gmmy =0, so F =mg P
F.=uF, and v=rw
F, Normal

Solve to get:
F gravity
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Answer:
The correct answer is #. By definition, the object is in
equilibrium, either static (unmoving) or dynamic (moving with a F
constant velocity). If the object has acceleration « = 0, the net
force acting on the mass must be 0 as well:
F.  =ma
F . =m@0)=0 F3 1
With forces F) and F, in the x-y plane, the force that will
counteract them must lie in the x-y plane as well, as shown. The

magnitude of that force F; is equal to the vector sum of F; and F,, and can be calculated as
follows:

=FA\2

Both graphically and analytically, we can see that the magnitude of Fj is not the same as that

of F,.
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Question:

Position

‘ Time

The graph given here shows the position vs. time for an object traveling along the x-axis.
Which graph below shows the velocity vs. time for this same object during the same time
period?

a. b.
F 3 A
1 1
2 ! :
[&] 1 1
2 1 I
L I ]
> I l
] 1
: 0 : >
Time Time
c d.
A A
> : |
-é‘ -‘l: 1 1
(&7 (&7 1 1
o o 1 1
E E 1 I
3 2T
I ]
I ]
0 , 0 j : >
Time Time
e

Velocity

A J

Time

Answer:

The correct answer is d. Recall that velocity (=Aposition/Atime) represents the slope of a
position-time graph. A constant slope (straight line) on the position-time graph represents a
flat line on the velocity-time graph, and a changing slope on the position-time graph will
represent a changing velocity: increasing velocity for a concave upwards position-time curve,
and decreasing velocity for a concave-down position-time curve.
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Question:
Consider a ball thrown up from the surface of the earth into the air at an angle of 30° above
the horizontal. Air friction is negligible. Just affer the ball is released, its acceleration is:

a. Upwards at 9.8 m/s’

b. Upwards at 4.9 m/s’
c. Downwards at 9.8 m/s?
d. O0m/s?
e. None of these
Answer:

The correct answer is ¢. The ball, even as it moves upwards and sideways through the air,
experiences a force of gravity acting on it, which causes it to accelerate downwards at g.
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Question:

A 10-meter long, vertical cannon is used to accelerate a 1.0-kg ball straight up into the air. A
constant force of 13.2-Newtons is used to accelerate the bowling ball up the length of the
cannon. What is the ball’s approximate velocity as it leaves the cannon (assuming no energy
loss to friction)?

a. 29m/s
b. 16 m/s
c. 14m/s
d. 9m/s
e. 8m/s
Answer:

The correct answer is e. This is a conservation of energy problem, with Work done on the
ball contributing to increased potential and kinetic energies. Using g = 9.8 m/s’
W=U+K

Fd = mgh + %mw2

b ,2(Fd —mgh)
m

v_\jQ(13.2°10—1'10°10)
1

V= 1/2(:;)2) =8m/s

This constant net force / constant acceleration problem may also be solved using

kinematics/ F,, = ma:
FHEI = ma
F:Jpplfed - Fg =ma
a= Foppiica = T - 132N - (1kg)(9 8m /s°) =34m/s’
m lkg
v; =v’ +2aAx

v, =yJ0? +2(3.4m/5*)(10m) =8.0m /s

Using g = 9.8 m/s” in either analysis will give a slightly more accurate answer of 8.25 m/s.
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Question:

In a lab experiment, a ball is rolled down a ramp so that it leaves the edge of the table with a
hotizontal velocity ». If the table has a height 4 above the ground, how far away from the
edge of the table, a distance x, does the ball land? You may neglect air friction in this
problem.

27
d. —
8
b. v %
g
2vh
C. —
g
q 2
4

e. none of these

Answer:
The cotrect answer is &. The ball takes a time 7 to fall from the table, as determined here:
Ay = vyt + 1ar®

Ay _
-8 8

Horizontally, during that time the ball travels at constant velocity:
Ax = vt

,Zh
X=v,|—
8
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Question:
An object thrown straight up into the air, in the absence of air friction, accelerates at 9.8
m/s’, downward. Which of the following statements is true?

a. 'The object speeds up at 9.8 m/s as it travels upward.

b. The object travels 9.8 m during every second of its motion.

c. The object travels 9.8 m during the first second of its motion.

d. The object’s velocity changes by 9.8 m/s every second of its motion.

e. ‘The integral of its acceleration as a function of time is 9.8 m/s.
Answer:

The cotrect answer is 4. By definition, an object accelerating at 9.8m/s, per second, has a
velocity that changes by that amount.

While choice ¢ is correct in identifying a velocity as the integral (with respect to time) of
acceleration, the actual value of that integral will vary depending on the conditions (initial
velocity, etc) of the problem.
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Question:

A circus cannon fires an acrobat into the air at an angle of 45° above the horizontal, and the
acrobat reaches a maximum height y above her original launch height. The cannon is now
aimed so that it fires straight up into the air at an angle of 90° to the horizontal. What is the
maximum height reached by the same acrobat now?

a. y

b, 2
2

c. 2y

d. y'\E
2y

e. —
\2

Answer:

The correct answer is ¢. The acrobat reaches her height in the first instance based on the
initial vertical component of velocity, v :

2 2
v, =v, -2ay

0-v? v} Y
7T 2 T 2g

For the second situation, the vertical velocity » is
greater than v, from before, by a factor of \2. Using this information:

(v.;)z A
2%
v
227
V=0 "2~
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Question: D

BQ [

A‘ B

A rock is thrown into the air at an angle relative to the vertical, and follows the path shown

here. Consider air friction to be negligible. What is the direction of the net acceleration of
the rock at point D?

a. to the left

b. to the right

c. straight up

d. straight down

c. there is no net acceleration at point D
Answer:

The correct answer is 4. The rock has constant horizontal velocity, and therefore no
horizontal acceleration. Vertically, the rock’s velocity is constantly changing, slowing down
as it ascends, and speeding up as it falls. Its net acceleration, or change in velocity per unit
time, is always in the downward direction.
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Question:

A mass is dropped from a height 4 above the ground, and freely falls under the influence of
gravity. Which graphs here correctly describe the displacement and velocity of the object
during the time the object is falling? Consider the "up" direction to be positive.

k=
20 z
3 Q
£ <
o ==
= 0 time
b.
5
- 2
- 5
o -
= :
0 fime
C.
=
[
=)
42
[+
E
o,
-a . .
0 fime 0 time
A
|
d. 2 2
L 5]
e L)
El S
& 00 time
e
2 28
E 2
= 00 fime
Answer:

The correct answer is ¢. The object begins to fall from a height 4 in the negative direction,
accelerating as it falls, so it's covering a greater and greater distance per unit time. This is
consistent with the displacement graphs a, ¢, d, and e. The object's speed increases with time,
but its velocity is in the downward, or negative direction, as indicated in the velocity-time
graph for answer c.
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Question:
A toy cat, initially travelling in a straight line at 30.0 cm/s, slows down with a constant linear
acceleration of 3.0 cm/s>. How much time passes before the car comes to a halt?

a. 10s
b. 90s
c. 900s
d. 1.0s
e. 90s
Answer:

The cotrect answer is a. Slowing down at 3.0 cm/s, every second, implies that the car will
take 10 seconds to go from 30, to 27, to 24, to 21 cm/s, etc., all the way down to 0.

The kinematics analysis reveals this as well. Giving the car an initial positive velocity means
that the acceleration for “slowing down” will have to be in the opposite direction of that
motion, i.e. negative:

v, =V, +at

vi=V; _0-30cm/s _

10s
a -3.0cm/ s*

1=
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Question:

An object is dropped and accelerates downwards. As it falls it is affected by air friction, but
never reaches terminal velocity during the course of its fall. The graph that could indicate the
magnitude of the object's acceleration as a function of time is

a. b. C.
A A A
g fesssssssss g [eme= g =
oL—» N e—— 0 —»
d. e
A A

Answer:

The correct answer is 4. The falling object, when released from rest, has an initial
acceleration of 9.8 m/s” (if near the surface of the earth). As its velocity increases, it collides
with air molecules at an increasing rate, thus reducing the rate at which it accelerates. (The
acceleration is usually modeled as a function of » or %, depending on a number of factors.)
The acceleration continues to decrease until the acceleration of the object is 0, at which
point the velocity of the falling object remains constant.

The only graph consistent with this analysis is 4, where the acceleration curve can be seen to
be approaching zero asymptotically.
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Question:

20 m/s

":* '/\' 30°

A soccer ball is kicked to give it an initial velocity of 20 m/s at 30° relative to the ground, as
shown. The maximum height reached by the ball will be about

a. 10m
b. 1.0m
c. 50m
d 20m
e I5m
Answer:

The correct answer is ¢. To determine the vertical height reached by the ball, we focus only
on the vertical aspects of the ball’s motion.

The ball has an initial vertical velocity of 20 sin 30, or 10 m/s. The ball’s final vertical
velocity at the top of its path is 0 m/s. Using kinemati
can be determined:

v§=vf+2aAy
2 2 2
vi 0°-(10m/s) _5m

2a  2(-10m/s?)

2
v _
Ay=-1L

The ball has a horizontal aspect to its motion as well, of course—a horizontal velocity of
20 cos 30 = 17.3 m/s, and no acceleration—but these qualities are independent of the ball’s
vertical motion.
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Question:
A student collects position-time data for an object moving along the x-axis, and determines

that the motion corresponds closely with a mathematical model of x =1.5¢*+2.0¢-1.0,
where x is in meters and #is in seconds. Assuming that object moves according to this
model, it can be determined that

a. attime 7= 0, the object was at the origin

b. at time #= 0, the object had an initial velocity of 1.0 m/s
c. attime #= 0, the object had an initial acceleration of 1.5 m/s’
d. during the motion, the acceleration of the object varied according to time-squared
e. none of these
Answer:

The correct answer is ¢. We can use the position-time function for the object to identify the
objects position, velocity, and acceleration in a couple of different ways.

2
The calculus approach is based on the fact that v = %, and a = ‘;Tf ,or a= % . Applying
these relationships to the model, we see that
d 2 d
v=—|1.5¢t"+2¢t-1 a=—(3t+2
dr( ) and dr( )
v=3t+2 a=3

By using #= 0 in the x(2), #(?), and a4(#) equations we can see that none of the statements a-d
are true. Instead, at time # = 0 the object has an intial position of -1.0 m, a velocity of 2.0
m/s, and an acceleration (constant throughout its motion) of 3.0 m/s%

A non-calculus approach to solving this problem would consist of comparing the equation

with the kinematics equation X, = x; + v + %at2 . Rearrange this kinematics equation and

compare it with, the equation of the object’s motion:

X )
% 2 42/0¢

Here we can clearly identify the same initial position, the initial velocity, and the acceleration

of the object according to the terms and coefficients in the equations.
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Question:

—(@ horizontal path level
_h ................................................. s
projectile @ g
launcher @ g
.‘_é
v

Om 0.5m 1.0m 1.5m 2.0m 2.5m 3.0m

A physics teacher wants to prepare a demonstration on projectile motion for her students. A
launcher, placed at the top of a building, will fire a ball horizontally, and the ball will pass
through a series of elevated rings that have been set up as shown above. The ball is fired
with an initial hotizontal velocity of 2.0 m/s; air friction is negligible. At what distance below
the horizontal path level should the fourth ring be placed if the ball is to pass through it?

- S i |
b. 3.0m
c. 45m
d. 6.0m
ee. 11m
Answer:

The correct answer is e. A horizontal analysis of the ball reveals that it will reach ring 4 in 1.5
seconds:

Ax=vt
t=Ax= 30m =1.5s
v, 20ml/s

During that time, the vertical distance that the ball falls can be determined:

|
Ayv=vt+—at
=y >

Ay= 0t+%(—10m/s2)(l 55)?=50225=-11m

You can also estimate the distance that the ball has traveled during the 1.5 seconds by using
average velocity: the accelerating ball has an average velocity of 5m/s during its first second
of travel. After one second of falling the ball will have dropped 5.0 meters. In the additional
half-second of travel the ball will be moving even faster, making the 11 meter answer the
logical result.

22/1



Question:

A block of mass # is pushed across a rough surface by an applied force F, directed at an
angle O relative to the horizontal as shown above. The block experiences a friction force fin
the opposite direction. What is the coefficient of friction between the block and the surface?

mg
Fsing
b — 1
Fsing+mg
e I
mg
4 s
f
o A
" Fsing-mg
Answer:

The correct answer is 4. The key to finding the coefficient of friction u is in calculating the
correct Normal force acting on the block.

2Fy=ma

i applied-y — / %1 Fypma =0

Fooma =F sing + mg

= F Jriction _ f
F,... Fsing+mg
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Question:

The planet Mars exerts a gravitational force Fyp, . on its moon Phobos. Phobos, which has a

smaller mass than Mars, also exerts a gravitational force Fpy, s 0N Mars. Which one of
these statements is true?

a. K Mars >F Phobos
b. FPhobo's > FMars
C. ‘FMars =i Phobos

Which one attracts more strongly depends on the distance between the two bodies.

e. Which one attracts more strongly depends on how close Mars’s second moon,
Deimos, is located.

Answer:
The correct answer is ¢. The force of gravitational attraction between any two masses is
mlm?.

rt
The magnitude of this force varies with distance 7, of course, but at any given distance, the
forces between the two bodies are equal. And while the presence of the second moon will
affect the zef force of gravitational attraction acting on a body, it doesn’t change the force

exerted by a different body.

equal, and given by F =G
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Question:

Two masses are hung are connected by a light cord and hung from a frictionless pulley of
negligible mass as shown. Mass 7, = 3.00kg, and mass 7, = 2.00kg. When the two masses
are released from rest, the resulting acceleration of the two masses is approximately:

a. 1m/s’
b. 2m/s?
c. 4m/s*
d. 6m/s*
e. 8m/s’
Answer:

The correct answer is 4. This is a Newton’s Second Law problem, using F,,, = ma, where

F,.. = the net force acting on the pulley, and  refers to the total mass of the system.
F,, =ma
FM!
a=—"1=
m

a= K ar 2 2

m
= k8(8) ~2kg(g)

(kg + 3kg)

a=—g=2mls*
Sg
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Question:

— D
o b O

F (Newtons)
Lh

0 t (seconds)
1 2 3 4
A block is pushed along a hotizontal, frictionless surface, with a horizontal Force that varies

as a function of time as shown in the graph here. At time /= 3 seconds, the acceleration of
the block is 5.0 m/s? The mass of the block is

a. 1lkg
b. 2kg
c. 3kg
d. 5kg
e. 15kg
Answer:

The correct answer is ¢. The relationship between the force acting on the block, its mass, and
acceleration is described by F=a.
F,,.=ma

15N = m(5Sm/s?)
m = 3kg
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Question:

NONCNCNNN N

A mass of 10 kg is suspended from a cable .4 and a light, rigid, horizontal bar B that is free
to rotate, as shown. What is the approximate tension, in Newtons, in cable .47

, 100
BRYE)
b. 100/3
200
C. —=
A2
d. 2003
200
e. —
/3
Answer:

The correct answer is e. The weight of the mass, approximately 100N, must be entirely
supported by the vertical component of the tension in the cable, F|. Therefore:

EFy=ma
B=E =0
F,=F,

ension

100N
L =———=200/3
Tension ‘\/g},f'fz /

sin60 = (10kg)(~ 10m/s*)
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Question:

T Normal

T, friction

Fg

v

The free-body diagram shows all forces acting on a box supported by a stationary horizontal
surface, where the length of each force vector is proportional to its magnitude. Which
statement below is correct?

a.

b.

Answer:

The box must be moving to the left, due to the Force of friction acting in that
direction.

The box must be accelerating to the right, as indicated by the Force of friction in
the opposite direction.

The box must be moving to the right, as indicated by the Force of friction in the
opposite direction.

The diagram is drawn incorrectly: there can be no Force of friction unless the
box is moving.

None of these statements is correct.

The correct answer is ¢. The diagram suggests that the box is cutrently moving to the right,
and in the process of slowing down due to a force of friction that is causing it to accelerate
in the opposite direction (slowing down the box).
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Question:

Fa i1
prhied 4dm I 3m ]

VAP Y A i

A Force F, .4 1s exerted on a pair of unconnected objects of mass 47 and 3, resting on a
frictionless horizontal surfce as shown above. What is the magnitude of the force between
the two masses?

a. F

applied
b. 2F ..
C. %F applied
d. %F applied
€. %F applied
Answer:

The correct answer is 4. The problem can be solved by drawing two separate free-body
diagrams and solving F, , = ma for each body, then substituting and solving to get the
required force. It’s probably casier and faster, however, to solve F, = ma for the system as
a whole to find acceleration...

F,, =ma

F =(4m+ 3m)a

applied

applied

Tm
...and then use this acceleration with the mass 32 to get the force acting between the masses:
F, =ma

1

y -
F - 3???, applied
on 3m from 4m ( )( 7m

FalF

7 applied

a=

29/1



Question:
Two masses, M > m, are connected by a light string hanging over a pulley of negligible mass.
When the masses are released from rest, the magnitude of the acceleration of the masses is:

(M+m)
a.
M-m &
M-m
b.
M+m &
M
e
M+m &
m
d.
M+m &
M-m
e.
M 4
Answer:

The correct answer is 4. We can analyze this situation by drawing a picture and doing a free-
body diagram for each of the two masses, as shown here. Because the pulley has negligible
mass, the force of Tension between the two masses is equal (by Newton’s 3rd Law), and we
can use Newton’s 2nd Law to determine the acceleration of the system:

M: F, =ma=Ma

Mg -F,, ... = Ma (where "down" is positive)

m: F, =ma @
F —mg = ma (where "up" is positive)

Tension
Combine equations and solve :
Mg —(ma+mg)=Ma
(M -m)g=(M+m)a

M -
a= ( = ) g F Tension F Tension
M+m

Notice that we have selected different

frames of reference for the two

masses (for », “up” is positive; for Foraviy=Mg M
M, “down” is positive) so that the accelerations

of the masses will have identical directions.

If we don’t adjust our analysis to take the different directions into account, we’ll get an
incorrect result when we combine the two equations.

F ,Qravit\,f:mg
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Question:

/[ iy

spring scale £

DAEIHNS

30°

rigid bar

F=100N

A rigid bar with a weight of 100 Newtons is free to rotate about a frictionless hinge at a wall,
and supported in a horizontal position by a spring scale attached to the ceiling at an angle of
30° to the vertical, as shown. What force of tension is indicated by the spring scale?

a. 100 N
b. 10043 N
c. 100/A3 N
d. 50/+/3 N
e. 50N
Answer:

The correct answer is ¢. The problem can be solved in two ways. The bar is being held in
static equlibrium, so the sum of the torques acting on the bar has to be zero. Taking the
hinge to be x = 0, one can add up the torque due to the force of gravity down (acting at the
center of mass) and the torque due to the spring scale up.

More simply, the sum of the forces in the vertical direction has to be 0. Therefore:

E F,=ma=0

F, hinge ~ i gravity + 1 y—springscale — 0

Hinge and spring scale are equidistant from the center of mass, so each supports SON.
=50N =F, cos 30

y-springscale springscale

50 100

F ) -
springscale ‘\/5 /2 _\/5
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Question:

L

T~

0

A block of mass 7 is placed on a plane inclined at an angle 6 relative to the hotizontal as
shown. There is a coefficient of kinetic friction g, that acts as the block accelerates down

the ramp. The acceleration of the mass  is

a.

o oo T

mgsinf —mgcos6
mgsin6@ — umgcosO
mgsin@ — umg
gsinf — gcosf
gsinf — ugcos6

Answer:

The correct answer is e. A free-body
diagram of the forces acting on the
block and an analysis using Newton’s
Second Law F, = mayields the

answer.

F [friction F Normal

/
Fo oo
£ perpendicular
x—direction (down the ramp): F,,, =ma
meﬂei - Fﬁi(:tifm =ma
F Sriction . uuF Normal * an’d F Normal = F perpendicular = mg COSG

mgsin@ — umgcosl = ma

a=gsinf - ugcosf
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Question:

*1
A ride at an amusement park consists of a hollow cylinder with a student placed against the
wall as shown. When the cylinder rotates quickly enough, the student is able to lift her feet

off the floor and remain stuck to the wall. In terms of the student's mass 7, the radius of the
cylinder 7, the coefficient of static fricion u between the student and the wall, and

fundamental quantities, determine the minimum rotational velocity @ that the ride can have
while still allowing the student to stick to the wall and not slide down.

2. | & b. umg C. \Jrug d [EE e. urg
ur 7

Answer:

The correct answer is . A free-body analysis of the student against the wall of the cylinder
shows that the friction Fotrce fmust be equal to the force of gravity mg, and that the normal
force Fy,a acts as a centripetal force to keep the student moving in a circle.

Putting those pieces together, then: A

2
v Fn'cirm
E:F;=m—=FN e
r

sz = Ffric!irm - f;:gmvi.ry . O’ S0 Ff = mg
F.=uF, and v=rw

m

—

F Normal
Solve to get:

F A
gravity
8
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Question:

A mass # in three-dimensional space is subjected to three forces: Fy, F,, and F;. F; and F,

have the same magnitude, with F, in the positive-x direction, and F, in the positive-y

direction. If the mass has an acceleration of 0, which of the following statements is fa/se?
a. 'The magnitude of F; is the same as that of F|.

b. The object is in equilibrium, and could be stationary.
c. F;lies in the x-y plane.
d. The object is in equilibrium, and could be moving.
e. The object experiences a net force of 0.

Answer:

The correct answer is 4. By definition, the object is in
equilibrium, either static (unmoving) or dynamic (moving with a
constant velocity). If the object has acceleration « = 0, the net
force acting on the mass must be 0 as well:

F,, =ma

net
F, =m@0)=0
With forces I, and F, in the x-y plane, the force that will
counteract them must lie in the x-y plane as well, as shown. The

magnitude of that force F; is equal to the vector sum of F| and F,, and can be calculated as
follows:

=FA\2

Both graphically and analytically, we can see that the magnitude of F; is not the same as that

of Fj.
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