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Second Midterm Exam November 6, 2002

You will be given 100 minutes to work this exam, No books, but you may use a
handwritien note sheet no larger than an 8 1/2 by 11 sheet of paper. Your description of the
physics involved in a problem is worth significantly more than any numerical answer.
Show all work, and take particular care to explain what you are doing., Write your answers
directly on the exam, and if you have to use the back of a sheet make sure to put a note on
the front. Do not use a blue book or scratch paper.

sin 45° = 0.707, cos 45° =(0.707, sin 30° = 0.500, cos 30° = (.866

Rotational Inertias for radius R or length L: -
sphere about axis: (2/5)MR2 spherical shell about axis: (2/3)MRZ2
disk about axis: I:Ia“E]lf‘l.*lR2 hoop about axis: MRZ
rod about perpendicular at midpoint: ML2/12

1 GM.M k g = s
EPVE+V9p+P=EGn5tant F= = - m=J; m=J-!: EF=ma

Each part is worth the number of points indicated. These should sum to 100 points. Setup
and explanation are worth almost all the of the points. Clearly state what you are doing and
why. In particular, make sure that you explain what principles and conservation rules you
are applying, and how they relate.
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Read the problems carefully.
Try to do all the problems. o
If you get stuck, go on to the next problem. to
Don't give up! Try to remain relaxed and work steadily.




1A) (2 pts) A ladder leans against a wall. If the ladder is not to slip, which one of the

following must be true?

a) the coefficient of friction between the ladder and the
wall must not be zero

( E}_ﬂie coefficient of friction between the ladder and the
- floor must not be zero

c)bothaandb
- d}eitheraorb
e) neither a nor b

INERRRCR S

1B) (2 pts) If a sphere is pivoted about an axis that is tangent to
its surface, its rotational inertia is

a) 1/5 MR? I= 2wt

b) 3/5 MR’ e e
& MR? [= Tonmt ma

(d) 7/5 MR? " e mrt

e) 9/5 MR2

1C) (2 pts) We may apply conservation of energy to a cylinder rolling down an incline
without slipping, thus saying no work is done by friction, because

a) there is no friction present
b) the angular velocity of the center of mass about the point of contact is zero
¢) the coefficient of kinetic friction is zero
td)’ the linear velocity of the point of contact (relative to the surface) 1§ zero
¢) the coefficients of static and kinetic friction are equal in this case

1D) (2 pts) A figure skater stands on one spot on the ice (assumed frictionless) and spins
around with her arms extended. When she pulls in her arms, she reduces her rotational
inertia and her angular speed increases so that her angular momentum is conserved.
Compared to her initial rotational kinetic energy, her rotational kinetic energy after she has
pulled in her arms must be Brs = 2 Tugr
[ _a) the same. . ;
b) larger because she's rotating faster. L,
c¢) smaller because her rotational inertia is smaller.

LE) (2 pts) In simple harmonic motion, the magnitude of the acceleration is greatest when
the ) =

a) velocity 15 maximum

b) displacement is zero

c) force is zero

g:i] displacement is maximum
¢) none of these



2A) (5 points) Water is flowing from a reservoir. The tube varies in height.
At which of the three points labeled A, B and C is the fluid maoving fastest
when you ignore frictional loses, viscosity, etc? At which of the three points

labeled A, B, C is the fluid moving fastest if you include the effects of friction
on the fluid? As always, explain your answers.
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2B) (5 points) Water fills an oddly-shaped cup (see figure). Is the total force exerted on the

bottom of the cup by the water greater than, equal to, or less than the weight of the water?
As always, explain your answer.

£ald

. L 2 -
_H"_'i -|!~E-’.—J_I."'_ vt 2 ded -t le byHEm 2 M&‘éﬁf

P
-

of bha tg s HREATER “Hhanths weiflet
oo wakee, Dl whan Al :-Hlf Le ’;,_J P LE .:‘.c.j firdtn are wflaage hag |_

i Lasa _agijl,ilp_.l:f T vea e L bt Cats e “1':"-" wAtEr a-tf 'P'-'l-"ﬂ-; f If‘l**""l—‘-j.I L, p
i | = .
i\ | [Logs A Y iy s e |L_; Ll
J.q:&,n_p> Ly ewdide— -‘J-,E-—[,r{_;_ Ltfwm;h LU we e to Pk Le o Sl r.
y .—r. . | A i Al '.:-'1-‘ ‘-I [z il oA -
[ty l.-‘-.-tr,-.l:g.'[ g?h' gt ), T r"_&’l' Ly W1 TSR CR W " H""{ e D“{

| ; | Ting ohat Loy Loyt -‘:I'Lur | _'..-fl_-¢
('I.t.-*'f’”l' {.J.ur, M Dby A ,I[-.-'.rL.( pAwA s ok .'”E'L TR VE RS
* ' o W 90 s wader pluy  odiks precpealato P‘-ut
o ks it ferls 1§ b “”'5'5 T g '\j



LY

3 (20 pts) A rod of length L and mass m is attached to a wall with a hinge at one end. The
center of mass of the rod is in the center. The rod is released from a horizontal position.

a) Atthe moment of it's release, what's it’s angular acceleration & about the hinge?
b) At the moment of it's release, what's the downward acceleration a of the center of
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4 (20 pts) A 1000 kg car 15 bein

R=10 em, and the small piston
density as water. See figure.

g lifted by a hydraulic jack. The large piston has radius
) What is the pressure at point A?
7=

has radius r=1em. Hydraulic fluid has about the same
b) What is the pressure at point B?
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5 (20 pts) A wheel of radius r and mass m would nﬂrmalt}fmll down a ramp. In this
problem, it’s constrained by a string, which prevents it from rolling. What’s the tension in
the string?
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6 (20 pts) A block of mass m is attached to a spring with spring t;]cgslam k. The mass is

sitting at the equilibrium position when it is suddenly hit to add

oscillates around the equilibrium position with a period T.”

a) What are the maximum values of the position,

b) Make a sketch showing where in the motion
1/2 of the way through, or whatever)

motion?
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