Instructions:

e Record your answers on the bubble sheet.

e The Testing Center no longer allows students to see which problems they got right & wrong, so | strongly encourage
you to mark your answers in this test booklet. You will get this test booklet back (but only if you write your CID
at the top of the first page).

e You may write on this exam booklet, and are strongly encouraged to do so.

In all problems, ignore friction, air resistance, and the mass of all springs, pulleys, ropes, cables, strings etc.,
unless specifically stated otherwise.

e Use g =9.8 m/s? only if there are “9.8” numbers in the answer choices; otherwise use g = 10 m/s>.

Problems 1-28 will be scaled to be worth 92 total points; problems 29 and 30 are worth 4 points each.

Problem 1. The figure shows a velocity vs time graph of a car velocity
moving along a road, and positive means “to the right”. 20
According to the graph, what is the car doing from 0 to 5 i
seconds? 10 i
a. moving to the left, slowing down, and stopping
b. moving to the left and speeding up time
c. moving to the right, slowing down, and stopping [ 1 4 5
d. moving to the right and speeding up ~10¢
e. first moving right, then moving left i
f.  first moving left, then moving right —20¢

1. Negative velocity = moving left. Decreasing magnitude = slowing down. Choice A.

Problem 2. A box slides down a smooth ramp. The work done on the box by the normal force is:

a. positive
b. negative
C. zero

2. W = F,Ax. The normal force is perpendicular to the displacement the whole time, so W = 0. Choice C

Problem 3. Two cables support a cat burglar of mass 75 kg. One cable is at an angle as
shown in the figure, with 6= 36.87°. What is the tension in the cable connected to the left
wall. Note: sin(36.9°) = 0.60, cos(36.9°) = 0.80, tan(36.9°) = 0.75.

Less than 550 N

550 - 650

650 - 750

750 - 850

850 - 950

950 - 1050

1050 - 1150

More than 1150 N
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3. T1 = left tension; T2 = right tension

ZFy = ZFy, =0

T2c0s0-T1=0 T2sin@-mg =0

T2cos0=T1 T2sin® = mg

Do right hand equation divided by left hand equation. The T2’s cancel out.
tan® = mg/T1

T1 = mg/tan® = 750/(0.75) = 1000 N. Choice F.



Problem 4. A hanging mass, 3 kg, is attached via a pulley to another mass, 15 kg, ma
which is resting on a horizontal table as shown in the figure. There is enough friction on
the table (« = 0.8) to prevent the masses from moving. What is the tension in the line
connecting the two masses?
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Less than 19 N m
19-27
27 -35
35-43
43-51
51 - 59
More than 59 N

4. z:Fhanging =0
T-mlg=0
T =mlg =30 N. Choice C.

Problem 5. William, initially floating in outer space with no forces acting on him, throws a ball. The ball goes one way,
and he goes the other way. Before the collision, there was no momentum, and after the collision, both he and the ball
have momentum. It doesn't look like momentum was conserved. What’s the best explanation for this situation?

o o0 oT®

Both William and the ball get half of the original momentum.

Momentum is a vector, so two momentums can “cancel out”.

Momentum was created because of the “explosion”.

Momentum wasn’t conserved in this situation, but energy was conserved.

There was an outside force, so we shouldn’t expect momentum to be conserved.
William’s momentum is very small, since his mass is much larger than the ball.

5. Momentum is zero before. Momentum is zero after. That’s possible because if the ball has positive
momentum (to the right), then William will have negative momentum (to the left). Choice B is the best
answer.

Problem 6. A railroad car of mass 20,000 kg moving to the right at 2 m/s collides and couples with another railroad car
that has a mass of 30,000 and is moving to the right at 1 m/s (before the collision). What is the speed of the two coupled
cars after the collision?
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0.2 m/s
0.4
0.6
0.8
1.0
1.2
14
1.6 m/s

6. ZPber = ZPaft

20000(2) + 30000(1) = (20000+30000)vf
70000 = 50000 vf

vf=7/5=1.4m/s. Choice G

Problem 7. In a collision between two objects with no outside forces, the total momentum of the system is conserved:

a.

Always

b. Only when the collision is elastic

7. If there are no outside forces, momentum is always conserved. Choice A.



Problem 8. The escape velocity of the Earth is the speed needed for an object to go from the surface of the Earth into a
“near Earth” orbit.

a. True

b. False

8. Escape velocity is how much velocity is needed to carry the object all the way to r = infinity. False.
Choice B.

Problem 9. A weight (mass m) is attached to an ankle, and leg lifts are done as
shown in the figure. What is the torque about the knee due to this weight for the
position labeled 60°?
a. mgd
mgd cos(30°)
mgd cos(60°)
mgd sin(30°)
mgd sin(60°)
mgd tan(30°)
mgd tan(60°)
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9.torque=r, F
Since the force of the weight is downward, r; must be the horizontal distance. By looking at the picture,
you can convince yourself that the horizontal distance is dsin®. Therefore torque = (dsin®) mg. Choice E.

Problem 10. The four balls in the figure, each with mass 2 kg, are connected by )

rods. They are rotating together (as shown by the arrow) in outer space with an O e
angular speed of 40 rad/s. The light, flexible rods can be lengthened or shortened = T
through internal motors. What is the new angular velocity if the spokes are 1.0
shortened from 1 m to 0.50 m? l m
a. 10rad/s { , ™
b. 20 . \ | W
c. 40 <1.0m
d. 80
e. 160 rad/s 0 m
10. Lbef = I—aft

(loo) per = (1) aft

These are all point objects, so I = mr?. Also, they all have the same m and the same r.
Amry’me = 4mrie¢  The “4m”s cancel out.

o = ro’@o/ri* = 1(40)/(0.25) = 160 rad/s. Choice E

Problem 11. Suppose an alien astronaut in a circular orbit around the alien homeworld, 10000 km from the planet’s
center, has an orbital speed of 20 km/s. How long would it take the alien to make one complete orbit?

Less than 700 seconds

700 - 1400

1400 - 2100

2100 - 2800

2800 — 3500

3500 - 4200

More than 4200 seconds
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11.v=2xrr/T
T = 2zriv = 2(1000000)/(20000) = 1000 = 3141.5 m/s. Choice E.



Problem 12. A man stands 2 m from the left end of a very light plank
(essentially zero mass) that is 6 m long. A vertical cable is attached to the right
end of the plank, as shown. Calling the left end of the plank the “pivot point”, \”
how does the torque from the man compare to the torque from the cable? Just
compare magnitudes.

a. The torque from the man is equal to the torque from the cable.

b. The torque from the man is greater than the torque from the cable.

c. The torque from the man is less than the torque from the cable.

12.51,=0

Ttromeable — Tfromman = 0
Tfromcable = Tfromman ChoICE A

Problem 13. A satellite in the shape of a solid cylinder (end view shown in
figure) of mass 20 kg and radius 2 m has a very small jet at the edge that expelled gas +—
provides a force of 30 N on the gasses it expels—and via Newton’s 3" Law
causes a force of 30 N to occur on the satellite. What is the torque about the
center of the cylinder due to the jet?

0ON-m

3

30

40

60

600

1200 N-m
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13.t=r;F=2(30) =60 N-m Choice E

Problem 14. Same situation. What will be the angular acceleration of the satellite?
0 rad/s?

0.5

0.75

1

15

2

2.5

3 rad/s?
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14. 37 = lo.
60 = (1/2 mR?) a.

60 = (0.5*20*2%) o

60 = 40a.

a=15rad/s> Choice E

Problem 15. Which has greater linear speed (m/s), a horse near the outside rail of a merry-go-round or a horse near the
inside rail?

a. outside horse

b. inside horse

c. both the same

15. The outer one is covering a greater distance in the same amount of time (because the circumference is
larger). Therefore it’s going faster. Choice A.



Problem 16. Which has greater angular speed (rad/s), a horse near the outside rail of a merry-go-round or a horse near
the inside rail?

a. outside horse

b. inside horse

c. both the same

16. They are both covering 360° in the same amount of time. Therefore they have the same w. Choice C.

Problem 17. An 80 kg man stands in the middle of a frozen pond of radius 5 m. He is unable to get to the other side
because of lack of friction between his shoes and the ice. To overcome this difficulty, he throws his 2 kg physics
textbook horizontally towards the north shore, at a speed of 10 m/s. How long does it take him to reach the south shore?
Less than 16 seconds

16 -19

19-22

22-25

25-28

28 -31

More than 31 seconds
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17. To get speed of man, use conservation of momentum.

ZPbef = ZPaft

0 = MbookVbook = MmanVman

Vman = MpookVbook/Mman = 2(10)/80 = ¥ m/s.

Then, use simple equation x = vt — t = x/v = 5/(¥4) = 20 sec. Choice C

Problem 18. A ping-pong ball moves forward with a momentum p. It strikes a heavier tennis ball and bounces off
backwards with a momentum (magnitude) of 0.8 p. The tennis ball is initially at rest but free to move. Ignore outside
forces. The momentum of the tennis ball after the collision will be:

a. (greater than p

b. lessthanp

c. equaltop

18. pref = 2:paft

p +0= '08p + ptennist_)all
Ptennisban = 1.8p  Choice A

Problem 19. A dentist’s drill starts from rest. After 3 s of constant angular acceleration, it turns at a rate of 150 rev/min.
What was the drill’s angular acceleration?
a. m/3radls®

b. =

Cc. 5n/3

d. 7n/3

e. 3n

f.  11n/3 rad/s?

19. First, convert rpm to rad/s: 150 rev/min x (2= rad)/(1 rev) x (1 min/60 s) = 5x rad/s
Then, use kinematics: o = wg + at
of =0 + at = o = ot = 5n/3 = 5/3x rad/s> Choice C



Problem 20. The reason the moon does not fall into the Earth is that:
the gravitational pull of the Earth on the moon is weak

the gravitational pull of the sun keeps the moon up

the moon has a sufficiently large orbital speed

the moon has less mass than Earth

none of the above
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20. If the moon stopped moving suddenly, it would accelerate straight towards the earth. But, since it’s
moving at just the right speed, as it gets pulled to the earth, the earth “curves away” from it and its
trajectory is a circle. (Remember the cannonball.) Choice C.

Problem 21. Two cylinders are the same size and have the same mass. However, cylinder A has most of its weight
concentrated at its rim, whereas cylinder B has most of its weight concentrated at its center. The two are rolled down a
ramp. Which one will reach the bottom first?
a A
b. B
c. Both will reach the bottom at the same time.
21. Cylinder B will have a smaller moment of inertia. Therefore, it will consume less rotational kinetic

energy, and leave behind more translational kinetic energy (for a given potential energy). It will be able to
move faster and will reach the bottom first. Choice B.

Problem 22. A 1 kg mass moving east at 4 m/s on a frictionless horizontal surface collides with a 2 kg mass that is
initially at rest. After the collision, the first mass moves south at 3 m/s. What is the magnitude of the velocity of the
second mass after the collision?

Less than 1.3 m/s

1.3-1.8

1.8-2.3

23-28

28-3.1

3.1-34

More than 3.4 m/s
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22. TPxbet = ZPxaft EPyber = ZPyaft

1(4) + 0 =0 + paxfina 0+ 0 =-1(3) + Pyfinal
Poxfinal = 4 p2yfinal =3

Patotfinal = SQrt(3° +4%) =5

Since p = MV, Vafinal = Patottinal/M = 5/2 = 2.5 m/s. Choice D

Problem 23. In the “velocity amplifier” demo, the disk at the top (“disk 1) obtained a very fast speed due to a series of
elastic collisions. Considering just the final collision, suppose disk 2 is moving upwards at speed v and collides
elastically with disk 1, which is stationary. If the mass of disk 2 is much larger than the mass of disk 1, what will the
speed of disk 1 be after the collision?

a. 0

b. 05v
C. Vv

d 15v
e. 2V

23. Elastic: use velocity reversal equation. Note that because disk 2 is much heavier, its velocity will be
essentially unchanged: V2finai = V2initial = V.

(V1 = V2)per = (V2 — V1) ot

0-V=V=Vifina

V1final = 2V. Choice E.



Problem 24. A 0.5 kg pendulum bob passes through the lowest part of its path at a speed of 3 m/s. What is the tension in
the pendulum cable at this point if the pendulum is 90 cm long?

Lessthan 3 N

3-45

45-6

6-75

75-9

9-105

More than 10.5 N
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24. At lowest point: ZF = ma.
T-mg=mvr
T = mg + mv’/r = 0.5(10) + (0.5)(3%)/(0.9) =5 + 0.5*10 =5 + 5 = 10 N. Choice F

Problem 25. In class, a student in the rotating chair was rotating with his arms extended, holding weights. Then, he
brought his arms closer towards his body and rotated faster. Did the student do work on the rotating system during this
process?

a. No, because the student had the same kinetic energy at the end

b. No, because the student had the same kinetic energy at the end

c. Yes, because the student had more angular momentum at the end

d. Yes, because the student had more kinetic energy at the end

25. Angular momentum was conserved, but the student had to do work to bring in the weights. That
increased his rotational kinetic energy. Choice D

Problem 26. A curved exit ramp (radius of curvature R = 10 m) is banked at a 36.87° angle. It is designed so that a car
(end view shown) will not have to rely on friction to round the curve without slipping off; instead the centripetal
acceleration will arise from a component of the normal force. What speed is this particular curve designed for? Note:
sin(36.9°) = 0.60, cos(36.9°) = 0.80, tan(36.9°) = 0.75. Another note: A free body diagram and equations will be
required for this situation, for Problem 29.

a. /60 m/s
b. 75
c. /80
d. 125
€.
f

(¢,

V/133.
\J166.7 m/s

26. XF, = may 2F,=ma, =0

Nsin® = mv?/r Ncos® = mg

Divide the left equation by the right equation; N cancels out, as does m.
tand = v?/rg

v = sqrt(rg tan®) = sqrt(100(0.75)) = sqrt(75) m/s Choice B

iy
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Problem 27. A string attached to a bucket (mass 6 kg) is wound over a large pulley having a mass
of 12 kg (not zero mass!). The pulley can be considered to be a solid cylinder of radius 0.6 m.
The pulley turns as the block is allowed to fall from rest. No energy is lost to friction. If the
bucket falls 1 m, how fast will it be going?

a. /8 mis P
b. /9 ,
c. J10
d. V11
e
f

.
K

J12
J13 mi/s

27. There’s no nonconservative work, So Epes = E st
migh =% m;V? + % lo’
for cylinder, | =% m,r?.  Also, plug in @ = v/r
m1gh = %2 myV? + % Y2 mori(vir)? perhaps surprisingly, the “rs cancel out
m1gh = % myV? + ¥ mpV?
migh = (Y2 my + % my)V?
6(10)(1) = (3 + Y4 x 12)V?
60 = (3+3)V?
v =sqgrt(10) m/s Choice C

Problem 28. A 10 m, 10 kg ladder rests against a smooth, frictionless wall. frictionless person
The floor has friction, however, with g = 0.5. The ladder makes a 53.13° wall
angle with the horizontal. A 50 kg person climbs up the ladder. How far up \
the ladder (distance d) can the person climb before the ladder begins to slip? d=?
Note: sin(53.13°) = 0.8; cos(53.13°) = 0.6; tan(53.13°) = 1.33. Note: A FBD
and equations will be required for this situation, for Problem 30. ladder
a 1m
b. 2
3_ i (useful triangle to 53.13° -
e 5 figure out the floor with
. L Perpendicular friction
f. 6 Lsin® distances)
9. 7
h. 8
L 9m Lcos6
28. See FBD on next page for forces and their locations.
F,=0 ZF,=0 X1, =0
Ni-pN2=0 N;-mg-mpg=0 m;g(dcosd) + m,g(L/2 cos®) — N;(Lsin6) = 0
N; = uN, N2 = (mm3)g d = [- m,g(L/2 cosB)+ N;(Lsin®) ]/( m;g cos)

From second equation, N, =600 N
Then, from first equation, N; = (0.5)(600) = 300 N

Then, from third equation, d = [- 10(10)(5)(0.6) + 300(10)(0.8) 1/( 50(10)(0.6) )
d = [- 500(0.6) + 3000(0.8) 1/( 500)(0.6) )
d = [- 300 + 2400 ]/( 300)
d= [2100]/(300)=7m Choice G



Write your CID separately here to make sure this page doesn’t get lost. CID:

Problem 29. (4 pts) (a) Draw a FBD for the car in Problem 26. Be sure to label all forces.
N

mg

(b) Based on your FBD, write down and fill in the N2 “blueprint equations” for the x- and the y-directions. Don’t solve
the equations, just take them one step past the blueprint. Be sure to fill in the acceleration(s) if known. Do divide the
forces into components as appropriate.

(bl) N2 x-direction blueprint: XF, = ma.

N2 x-direction filled in: Nsin® = mv’/R
(b2) N2 y-direction blueprint: ZFy, =0

N2 y-direction filled in: Ncos® —mg =0

Problem 30. (4 pts) (a) Draw a FBD for the ladder in Problem 28. Be sure to label all forces.

N1
mig N> __
~°7 77>~ point “p”
m2g
o
f=pusN>

(b) Based on your FBD, write down and fill in the N2 “blueprint equations” for the x- and the y-directions, as well as the
torque blueprint equation for torques around point “p” at the base of the ladder. Don’t solve the equations, just take them
one step past the blueprint. Be sure to fill in the acceleration(s) if known. Do plug in Fgicion = N When appropriate,
along with appropriate components for any perpendicular distances that arise.

(bl) N2 x-direction blueprint: XF,=0

N2 x-direction filled in: Ni-uN, =0
(b2) N2 y-direction blueprint: XF, =0

N2 y-direction filled in: N, -m;g-m,g=0
(b3)  Torques about “p” blueprint:  Xt, =0

Torques about “p” filled in:

m;g(dcosB) + m,g(L/2 cosB) — N,(Lsin@) =0

9



