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I. Lecture Multiple Choice [60 pts]. Choose only one answer for each question and fill it out on your
bubble sheet.

1. [5pts] A 1200-kg car accelerates at a steady rate from rest to 25 m/s in 4.0 s on a straight horizontal road
over a distance of 50 m. Neglecting friction and air resistance, what is the net force acting on the car?

>
A. 30000 N - ) ~
Fv{k:\("\o\ )ﬂ:b/u,-'lgﬂk_@—é,’),5b
—r - 2
B. 15000 N Ak .05 S
C. 12000 N
BN W~ \_
D. 7500 N ’>F;~J-C (,2001:)(4‘2Q?>‘/¥_500N
E. 5000 N
2. [5 pts] Two blocks A a re placed in a stack over a table, as shown at right. Which one of the
following forces would NOT appear on the free-body diagram of block A? —VT
TA
A. The weight of block A..”” B
B. The weight of block B.| Y~ & N
C. The normal force by the table on A. / VNN
D. The normal force by Bon A. | _~ R4 ug A
E. None of these Z
3. [5 pts] A person stands inside an elevator while the elevator is descending and slowing down. Is the

normal force by the floor of the elevator onto the person greater than, less than or equal to the person’s

weight? N -
A. Greater than ;Lek /\M/y\fh M?ﬂ = MW/%‘, W 7 ‘476%%‘
B. Less than \
C. Equalto
D. The answer depends on the value of the elevator’s acceleration.
E. None of the above.

4. [5 pts] Three identical crates A, B and C each

of mass m are being pulled by ropes over flat
horizontal ground, as shown at right. Choose

the correct ranking of the normal forces by A

the ground (G) on the crates. B C

A. nga > nge > ngg > myg \V\ C W /f’\tf/)\/\fo \/*C)@'J
B. nga > ngc =mg > ngp W ;> V\C\C — W‘ﬁ
C. ngg > ngc =mg > nga r W
D. nga = ngec = ngg = myg \V\ A WW
E. ngc =mg >nga = ngp
: — <~
Vo 12 S pusklovp 2 V™"
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[5 pts] Consider crate C from the previous question where the rope is horizontal. The mass of the crate is
50 kg, the coefficients of static and kinetic friction with the ground are yg = 0.4 and p;, = 0.3 and the
tension in the rope is 250 N. What is the force of friction acting on the crate?

Hint: 1s the applied tension big enough to overcome maximum static friction?

Lson | Termer = 250N > |GEN)

50N :)j@;%zj,km;/kp\g:@.g)cs"o bes) (7.8 =)
= | SON

Use the following situation to answer the next two questions.

oo b e eccsed £ 2 f, g

B. 250N =& Y)(Eobg)78E)
C. 200N = |9¢ N

D.

E.

Two blocks, A and B, are connected by a massless inextensible
string running over a frictionless pully with block A placed on the
table, and block B hanging over the edge of a table.

[5 pts] The surface of the table is rough so that the force of static
friction prevents block A from moving. Is the magnitude of that
force of friction by the table on block A greater than, less than or
equal to the weight of the hanging block B?

A. Greater than N W\_&éf/h\ = T:.heﬂ;/* — _F‘V& . -G

B. Less than F /
C. Equalto wlk;p = = és:D = TZE’ J erﬂc//g:T—wz?IZ:d
D. Not possible to answer without knowing the masses. =
—9 T = =
s E/2

[5 pts] We now repeat the same experiment in the previous question but replace the rough table with a
frictionless one. Choose the expression representing Newton’s second law applied to block B, where T is
the magnitude of tension in the string and a is the magnitude of acceleration of the system.

A. T =mga /\}&W ==_> Z /\M OLO'L—M %’LR

B. T=myg+mgg

C. mgg—T =mga ' —

> T - = m [—a L =M, 9
D. mgg + T = mga 9 Z) B( ) ’ IR /3
E. mga = mgg

D T-rp =

> =7 +mpd = M A
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Use the following situation to answer the next two questions.
A microscopic spherical particle of smoke drops from rest to the ground through air.

8. [5 pts] Which one of the following correctly describes this problem? Do NOT neglect air resistance.

A. This is a high Reynold’s number problem where inertial forces dominate viscous forces. x/

B. The particle accelerates for a long time before reaching its terminal speed. X

C. The particle moves at free-fall acceleration throughout its drop. X
D. The drag force on the particle is proportional to the density of air. X
E. The drag force acting on the particle is proportional with the particle’s speed.

9. [5 pts] The smoke particle has a radius of 2.0 X 10~8m and a mass of 5.0 X 10~ 1¢kg. At what terminal
speed does that particle fall through air?
You may need some of these values: density of air is p = 1.2 kg/m3, viscosity of air is
n = 1.8 x 107°Pa - s, drag coefficient for a spherical object is Cp = 0.5.

A. 7.2 x10"*m/s O=0 = Z[: —0o =y D=

B. 48x1073m/s " > ’ M
C. 3.1x10™*m/s D = ézzf'l)‘ (fo= Re)
D. 55x1073m/s
E.

3.6m/s 9’7 é}: fool:efr‘« = VV‘ﬂ ) Ufar‘b\

= )

Iy é‘/'uz r

= /l)‘l:efh = oxio )f7g> —< ~ {:f»,(LX (0 1o
67 (1,83%(6° ) (2. 0X10"°)

10. [5 pts] Two blocks are stacked on top of each other and placed on the floor.
There is friction between the blocks and friction with the floor. The bottom
block is pushed with a force and accelerates, as does the top block with it.
What force is accelerating the top block? Both blocks move together. ‘_

A. The force from the hand acts on both the top and bottom blocks

B. the normal force from the bottom block acts on the top block and pushes it forward

O

kinetic friction from the bottom block acts on the top block and pushes it forward

=

static friction from the bottom block acts on the top block and pushes it forward

=2

none of these properly describe the situation.
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11. [5 pts] Two cars take a turn on the freeway at constant speed. Car A is on the inside and car B is on the
outside of the turn, and they both complete the turn in the same time. Which car had the greatest
tangential speed?

A. Same speed /U—P: 2N 5 R:T% O
B. Car A was faster T r - \) JCA<
A < B

C. Car B was faster

D. would need to the actual radii to make a comparison

V.
12. [5 pts] You round a turn in your car with a radius of 15.0 m moving with a speed of 7.5 m/s on flat
ground. What force is required to allow you to complete the turn? The car’s mass is 1,200 kg.
r\/\

700 N
450 N

Not enough information / 1/{ { =) )\/ — L/ 5 L N

= mh - LLQ-OO
@

yg o

mo aw
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II1. Tutorial Free Response [20 pts] Explain your answer where required.
A hand pushes three blocks with masses
my < mg < mg over a rough table. The B
blocks move at constant velocity. | A C

17. [4 pts] Is the net force on block A greater than, less than or equal to the net force on block C? Explain
briefly.
The net force on block A is equal to the net force on C. Since the whole system is moving at constant
velocity, the acceleration is zero and hence the net force on the system and each of its constituents is zero,
therefore it is equal for all blocks.

18. [6 pts] Consider the following statement: “The force by block B on block C is greater than the force by
block A on block B”. Do you agree or disagree? Explain your answer briefly.
I disagree. Since the net force is zero on each block, the force by B on C, ng, is equal to the friction by
the table on C, frc. For block B, the force by A, nug, is balanced by friction by table on A and force by
C, frg + ncg. And since ncg = ngc, we conclude that nyg must be greater than ngc.

19. [4 pts] Two identical blocks, 4 and B, each of mass

m are connected via a massless string. The blocks T, T, T,

are on a frictionless horizontal surface. Two hands @_ 4 B @
pull on two other massless strings connected to the

two blocks, as shown.

If the two-block system is accelerating to the left,

rank the magnitudes of the tension forces 7:1, 72
and 73 from the smallest to greatest. No need to provide explanation.

Answer: T} > T, > T;

20. [6 pts] Suppose now the massless string connecting the two blocks is replaced by a rope of mass mg > 0.
If the hands are still pulling on the other strings causing the two-block system to accelerate to the left, is
the horizontal component of the tension force by block B on the rope greater than, less than, or equal to
the horizontal component of the tension force by block A on the rope? Explain your answer briefly.

Less than. According to Newton’s second law, the net force on the rope will be proportional to its mass
and points left, since the acceleration is to the left. This means that the sum of forces in the horizontal
direction acting on the rope must point to the left. The forces that have horizontal components are the
tension by block A on rope 2, Ty, x pointing left, and the tension by block B on rope 2, Tg, , pointing
right. Since the net force points left, we conclude that the horizontal component of the tension to the right
by block B on the rope must be less than the horizontal component of tension by A on the rope.
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II. Lecture Free response [20 pts]: Show work or explain reasoning where requested.

Two blocks are connected by a massless string and pulled by another massless string as shown.
A hand pulls on the string to the right. There is no friction or air resistance.

my

1 2

S

13. [8 pts] Draw free body diagrams for mass A and mass B. Use notation from the text and

class. FBD mass A FBD mass B
Na Ns
I Ty Ty I T2
«—

N

14. [3 pts] Draw the direction of the net force on A and B in the boxes below:

Fneton A

Fneton B

15. [3 pts] Draw the direction of the acceleration of A and B in the boxes below:

acceleration of A

acceleration of B

16. [6 pts] It is found that the mass is moving to the leff and slowing down. If the acceleration is
2.7 m/s? what is the tension in string 1 and string 2? Let mp=1.6 kg and ma=1.5 mp.

Combine system A and B, so Fne=To=(ma+mp) a =2.5 (1.6 kg) 2.7 m/s>=10.8 N

For B: Fre=T1=ma a =1.5 (1.6 kg) 2.7 m/s> = 6.48 N

I'= 65N 7>=10.8 N




