Solhons

Name Student ID Score
last first

Part I. [25 points] The kid is trying to pull a
block of mass M = 35 kg along a horizontal
surface with a coefficient of static friction g
and kinetic friction 4= 0.05.

1. [5 Points] The kid needs to pull with a force
of at least 30 N to get the block to move. M
What is the value of 442 L1177 7777777777777
A. 0.083
o PNy e
D. 031 = MM soMs= 35.98 ° 0.08
E. 3.4 3 3‘

2. [5 Points] The kid continues to pull with a force of 30 N after the block starts moving. What is the
magnitude of the acceleration of the block? Fik

:?D.O.O m/527 B e 4 N

0.37 m/s”

C. 0.49 m/s’ M =5 F=30N-Ay i .

D. 0.68 ms ” . 30N-0.05 18-35 . ¢ 367 mfs’
E. 0.85 m/s’ a 35

A small block of mass m=5 kg is now placed on top of the large block. The coefficients of static and kinetic
friction between the bottom block and top block are g,"= 0.08 and g4 = 0.04, respectively.

3. [5 Points] With what magnitude force does the kid need to pull to cause the small block to just start to

slip? oy Ty g 4 small bock toshp, H must beel o Foree
s S -y
314N \ [ (/jc .
E. 156N BJF_) ki is F/Hmol( Farge» blo
Fny/ 2z CM‘Tm‘) a

@ Fom F on small bloaj"‘
ma{z/usmg' =) 0-’_/“-53/

Fot © (M%m)/usgj
E (35+5>(Cv0?)(cf.8‘)z3]\36 N
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The kid 1s now using the same two
blocks and string, but on a frictionless
surface. She has gotten the block
swinging around at an angular velocity @
= 2.0 rad/s, in a circle. The distance from
the center of the kid to point Bis R =2.0
m. The kid finds the force on the string
required to keep this motion going is 15
N. The coefficient of static friction
between the two blocks remains as stated

above. The large block is 1.0 meter long,
and the small block is centered on the
large block. B. ¢ A
4. [5 Points] What is the linear velocity
of point A?
A Lomss = Reo |
B. 2.0 m/s The Kid Top View

C. 4.0m/s —_ 2.
(D.)6.0 m/s =3 “;LG
. 12 m/s .

5. [5 Points] The upper block is slipping. What is the force due to friction on the small block by the large

block?
€20 5}])(})17%? F 1‘/(1,,,N =0.0N -5-9.%
B. 40N )
b 27N > 196
E. 499N
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Part I1. [25 Points] A simple pendulum has a period of
1.8 s, and swings only at small angles. I

6. [5 points] Its mass is doubled. What is its period

I
© 1385 d;ﬁélj' perio (?

D. 255
E. 365

7. [5 points] Its length is doubled. What is its period

now?
A 09s | > 3L g0 T-> Sl T

B. 135

C. 18s

25s

E. 3.6s

The original pendulum is released from rest at an angle &= 13° from the vertical.

8. [5 points] What is its maximum angular acceleration?

A. 0.40 rad/s® C('-; Tt ?:]% PXF) T//-‘-"'

B. 0.73 rad/s’ ' .
. L4 rad/s o =M . Fsne . ux? "G -k
2.7 rad/s? ML= L I DAY
E. 5.5 rad/s’ "2'! S

9. [5 Points] The kinetic energy whcn the pendulum is at the bottom of the arc is 10 J. What is the mass of

the pendulum bob (M)? z j0D
’ A. 1.6kg E d Lboée L( [-cos 6}
B.4lkg |z |- L' =L 2
C. 9.7kg _ M&L("mé,_) = B> _@g;_,_,b(;_.cos@)

S0 -

. 18k E

@50 ke - ]zr’-é yr® M
The original pendulum is taken to a planet where g = 16 m? —5 O VC} %

10. [5 points] What is its period on that planet? - L9.3 /‘3’
A Lls

i o2y -

D. 295 ; —

E. 725 _-_Da' T = =V 3—
= @ T
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last first Speed of blocks is decreasing.
Part [11. [25 points] Two blocks move on africtionless Vo
incline with initial speed v, as shown, while a hand pushes \

with constant force parallel to theincline. The blocksare
moving up the incline and dowing down. The mass of
block A is greater than the mass of block B.

Inclineisfrictionless.
11. [S pts] Choose the correct acceleration vectors for blocks A and B.

a a a a a a

A B A B A B

Al | -~ B.| W | ¥ Cl~a| —

speed is decreasing,
S0 a is opposite
direction from vo;
same rate for A & B,
SO a's are same.

D.

T~a

T~a

'

Over ashort time interval, the blocks have moved up the ramp a distance d.
12. [4 pts] Isthework done on block A by the hand positive, negative, or zero?

[A. Wyan e > 0| Force on A by hand is same direction as displacement of A
B. Woabyhaa <U

C' on A by hand = )
D. Thiswork does not exist

E. Thereis not enough information to answer.

13. [4 ptg] Isthe work done on the hand by block A positive, negative, or zero?

Won hand by A > O
W aama <0 | Fonhang by A IS Opposite direction of displacement of hand (Newton's third law)

on hand by A =

This work does not exist

There is not enough information to answer.

14. [4 pts] |s the absolute value of the work done on block A by the hand greater than, less than, or
equal to the absolute value of the work done on the hand by block A?

A . Won A by hand > Won hand by A
B' on_ A by hand on_hand by A q
—_ ] I . H . H
C. W atynnd = Won renatya | Newton's 3 1aw: Foq hand by a 1S SaMe aS Foy A by hang; @Nd AX is same.

m O O[®| >

D. Thereis not enough information to answer.

15. [4 pts] Isthe net work done on block A (i.e., the sum of the works by all forces) positive, negative,
or zero?

D. Thereis not enough information to answer.

16. [4 pts] Isthe absolute value of the net work done on block A greater than, less than, or equal to the
absolute value of the net work done on block B?

A [ Waa| > [Woaams || Woe=AKE=1/2 m(v2-v2); (vi>-v;?) is same for A and B, ma>ms.

B Wne( onA < Wnet onB |
C' Wnet OI:IA = net on B_ )
D. Thereis not enough information to answer.
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Part V. Laboratory Question [25 points]

Experiment 8. [13 points] Y ou analyze a video of the motion of a
bicycle whedl from which is hanging a weight with a mass m=100 gm. The
radius of the bicycle wheel in the groove at which the string is attached is
measured to be 25.0 cm. The VideoPoint analysis program provides the
following table of the wheel's angular position vs. time. ]

Elapsed Time(s) 000 020  0.40 060 080  1.00 1.20
Rotation Angle(®) 0.00 939  37.6 845 1503 2348 3381

17. [4 points] What is the magnitude of the constant angular acceleration (in rad/s?) of
the wheel ?
A.0.273 B.224 C.8.20 D.9.81 E. it is not a constant

18. [4 points] What is the angular velocity (in rad/s) of the wheel at t=0.60 s?
A. 0.156 B. 4.92 C.236 D. 236 E. 440

19. [5 points] What is the value of the moment of inertia of the wheel (in kg nf)?
A.0.0122.  B.0.0299 C. 0.0496 D. 0.125 E. it is not a constant

. . i Cart #1 Cart #2 i
Experiment 7. [12 points] Cart #1 has '/-D“;:;;g,“l /’ projectile ! torcet DggéltgPZ_\

amass m; = 200 gm, and Cart #2 has a —

mass m, = 300 gm. Two SonicRanger —

detectors record the position vs. time of the

two carts. The DataStudio program

analyzes their velocities along the track, ‘
and indicates that before the collision the

velocity of Cart #1 is40.0 cm/s and the velocity of Cart #2 is 0.00 cm/s. The carts collide
and Velcro surfaces of the carts stick together, so that the pair of connected carts

continues to move to the right on the track.

20. [4 points] Compared to the initial momentum, the net momentum of the system after
the collision is:
A. zero  B.decreased C. unchanged D. increased E. indeterminate

21. [4 points] Compared to theinitial energy, the total energy present in the system after
the collision is:
A. zero  B.decreased C. unchanged D. increased E. indeterminate

22. [4 points] What is the final velocity in cm/s of the joined carts?
A.0 B.8 C. 16 D. .40 E. indeterminate
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Part V. [30 points] An airplane flying level
overhead at a constant speed v and a height of
h=1000 m drops a large care package of mass M.
One second before it hits the ground a gas stove in
the care package explodes, and the package splits
into two pieces (no mass is lost). The total mass
of the care package is 1500 kg, and the mass of
the leftmost peice of the package is m;=650 kg.
The packages land at the same time, as shown,
with 135 m between them (x»-x; = 135m).
Neglect air resistance

23.[10 points] What is the x-coordinate of the b Groung ™ % @

lane at the moment the pieces package hit the
: e S 5 the £ 0

EF
ground? I b@_, “f}]& Same ‘15 X, X,
ﬁ%aﬁaﬁe*— M of Hhe: packade; I diog @ sanie e &
Pfcme L5° ge=32m 7¢.57
mjwl_‘.m_,_?cg _‘__BGO @ 3

— h O
RN 500

24. [10 points] How high above the ground was the car zckagc when the stove exploded?

Drps 1000 mefers - 000 =4 9.8t >
4% 2000, =14y 2T se<.
q.%

How fer m 13,38 5
1060~ 1-9.8-(13.28) 7=)I35m

25. [10 points] What quantlr)i)of kinetic ener is provided by the explosio 1 W-} {m
--) ce o7
P}(ds are- pvs In 4 s | xe 3rn—?D
-2135m
yse /A Fame plaa %= m =71
60 V = .-ZL = 7c 'Sm S
i RL2

~7¢-5 288 5"1/5
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Velocities should be Should be 3.6 mega
squarted! Joules!



gwatts
Should be 3.6 mega joules!

gwatts
Velocities should be squarted!
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[20 Total Pts.] Two spools, A and B, are constructed so that they have the same mass but
different moments of inertia. They are wrapped with different lengths of massless thread. The
end of each string is attached to a horizontal bar as shown. (Notice that the thread is wrapped out
to alarger radius on spool A.)

Both spools are released from rest at the sametime. It is observed that spool B hits the floor first.

26. [4 pts] Just before spool B strikes the floor is the -
(linear) velocity of spool A greater than, less than,
or equal to that of spool B? If thereis not enough
information given to answer state so explicitly.
Explain.

Spool B strikes the floor first. So, it must have a
larger linear acceleration. Since they start from rest
and fall for the same amount of time, spool B must
also have the greater linear velocity.

27. [4 pts] Just before spool B strikes the floor is the /
angular velocity of spool A greater than, less than, Hoor
or equal to that of spool B? If thereis not enough
information given to answer state so explicitly. My =M
Explain. =g

The linear acceleration is related to the angular acceleration by a factor of the radius out to
which the thread is wrapped. (i.e. a = ar) For B to have a larger linear acceleration with a smaller
radius, it must have a larger angular acceleration.

28. [5pts] Before spool B strikesthe floor, isthe tension in the thread attached to spool A
greater than, lessthan, or equal to the tension in the thread attached to spool B? If thereis
not enough information given to answer state so explicitly. Explain.

Since spool B hits first, it has the larger linear acceleration. Thus, the difference between the
tension and the weight is greater for spool B. Since both have the same weight, the spool
attached to thread A has a tension which is greater than the tension in the thread attached to
spool B.

29. [7 ptg] Isthe moment of inertia of spool A greater than, less than, or equal to the moment of
inertiaof spool B? If thereis not enough information given to answer state so explicitly.
Explain.

Torque is equal to the product of the moment of inertia and the angular acceleration (t = la).
The torque on spool A is larger than that on spool B because the tension in the string and the
radius of the spool are both larger for spool A. Spool A, however, has a smaller angular
acceleration. To get a larger torque with a smaller angular acceleration, a larger moment of
inertia is necessary. So, spool A has the larger moment of inertia.
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