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Final Exam (December 18, 2000)

Please read the problems carefully and answer them in the space provided. Write on
the back of the page, if necessary. Show all your work. Partial credit will be given,

Problem 1 (10 pfts}:

Jason Snodwortz, a very typical college physics student, decides to spend New Year's Day
pondering the beautiful subtleties of classical Newtonian mechanics rather than watch football or
cuddle with his (soon to be former) girifriend. Before he curls up with a limited edition copy of
"Vectors for Connoisseurs” by 1.M. Adweeb, Jason makes a cup of cappuccino.

As part of the process, he starts with 50 grams of milk at 10 degrees centigrade and adds 10
grams of steam at 100 degrees centigrade, Calculate the final temperature of the milk-steam mix.
Assume milk has the same heat capacity as water. Also assume the milk and steam are mixed in a
cup that is thermally isolated from the rest of the universe.
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Problem 2 (10 pts):

Consider a uniform ball of radius 0.2 m and mass 0.75 kg held against z frictionless wall bya

massless string as shown in the diagram below. The string makes an angle of 30 degrees with the
wall.

a) Find the tension in the string and the normal force of the wall against the ball assuming the line
joining the wall to the ball extends through the center of the ball (drawn imperfectly below).
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b} Is it possible for the configuration below to be in static equilibrium if the wall is frictionless?
In this configuration the line joining the wali to the ball passes through the ball as shown. Why
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c) Draw and label all the forces on the ball on the diagram below.
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Problem 3 (10 pts): 3 /10
' 4) /10
Judy and Bill take a bath together ... now, now, now, I know what you're thinking, This has 3) /10
nothing to do with the physics of that one poster we saw last week. Judy and Bill are three years g) ;;g
old. Tothem, Kama Sutra is the name of the newest Power Ranger. 8% ni
. 9 /10
Anyway, Judy and Bill have hollow, plastic, spherical ball in the bath. The ball floats in the 12)) /10
bath water almost submerged. The outer radius is 0.1 m. The volume density of the plastic 11) /10
in the ball is 2.0 g/em’ . Assuming the hollow space inside the ball is also spherical and 12) /10
centered in the ball (as shown below), what is the inner radins of the spherical shell,
i.e., the outer radius of the inner hollow space?
tot /121
Y\fik‘:! = Eﬂ -: ‘%f;:f": ¢ «.'}‘ BT L j
. [+ e ¥
3
— ' i T ‘Z
g‘-‘-’i.\/P\' CB ?\«J w! N [ a
1 ES - £ -+ e ] E
bre ~Sagld- Yy = 35 7 A
E v - € Pl
%(ﬂ, Qj —-Q"L)QD - Sp Lik 2 _ _DB’; AA
2 é £
e e i i s % ooy _ ' — 3
I R L A I R N QD (gp- S :] N {fj}: f@!l) _;. /
N
Problem 4 (10 pts): o
o, P
£ L~ a
&5 ) oY /

AL
ST
(1R L

In the glass tubes pictured above is a gray liquid and a different liquid portrayed with horizontal
stripes. 4130 ars e s,
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a) Ofthe four choices, ofnfwituation’s,is' impossible. Which jedf?  *

@ b )

42200 .
b) In the other thre€ situations. Is the striped liquid density less than, equal to, or greater than
the gray liquid? Indicate your answer on the diagram.
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Problem 5 (10 pts):

Consider two identical masses that travel in circles of different radii on a frictionless surface.
Each is tied to a string with the other end attached to a rod in the cernter of the circle. The strings
can rotate freely about the peg. The mass/string configurations are shown below in a view from

above.
L oneerd
a) Ifthe two masses travel at the same As;:ueed, which string is more likely to break? Why?
2 i .
Towns e = m_\_{ M ool vV ane HHag Cavl =5 Swallod red.ats 8 AL E&tg,a—,,'{"m@u
4 _ Stetlan oy .S‘vrri.m.; P E‘-itai-j te EM.-J%,

b) Ifthe two masses have the same period, which strng is more likely to break? Why?
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Problem 6 (10 pts):

Explain why bicyclists and motorcyclists lean into tumns.
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Problem 7 {10 pts):

Consider a 2 kg mass stacked on top of at 7 kg mass as shown below. The two masses are
attached to a spring (which is attached to the wall) and can move back and forth on a frictionless
surface, The coefficient of static friction between the bottom surface of the top mass and the top
surface of the bottom mass is 0.45. The spring constant is 200 N/m.

a) What is the maxtmum amplitude of the simple harmonic motion of the system shown below
such that the top mass does not slip during the oscillation?
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b) In a system that undergoes this limiting motion: What is the period?
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¢) In a system that undergoes this limiting motion: What is the frequency?
+ z }/ - oo - T |
~ - . Tz .35 Ky
T L3y )
d) In a system that undergoes this limiting motion: What is the total energy of the system?
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Problem 8 (11 pts):

Consider four forces of equal magnitude F acting on a block that slides on a frictionless table as
pictured below. The block slides, presumably due to some other force (not shown), a distance x
on the table from left to right.

a) How much work is done by each of the forces shown?
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b) Circle the force that does the most work as the block.

IR

Consider five forces of equal magnitude acting on a wheel with moment of mertia I as shown
below. (Force D is coming out of the paper.)

¢) Circle the force that produces the largest torque on the wheel..

C

d) What is the direction of the torque about the wheel axis (if any) produced by each of the forces
below acting on the wheel?
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Problem 2 (10 pts):

After a big basketball game, Leslie "The Jammer" Johnson's agent stops the famous ball player at
mid-court and teils him that he will only make $25 million during the following season. A
distranght Jammer Johnson stands still in the middle of the court and ponders how he's going to
manage to make ends meet on such a paltry salary. The crowd leaves. The janitor and arena
crew come in and polish the court, working around the stunned ball player. However, they
overdo it. By the time Jammer decides to move on with his life, he finds that the court is so slick
around him that he can't walk on it. Like most pro basketball players, Jammer Johnson is an avid

student of physics. So, he pulls off his shoes that weigh 3 kg (big feet, you know) and throws
them at 10 m/s toward one side of the court.

a) What happens to Januner when he throws the shoes (assuming the floor to be frictionless)?

b} Assuming Jammer weighs 85 kg, how long does it take before Jammer reaches the nearest
wall 20 meters away?
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Problem 10 (10 pts):

A dog, is standing on a flat boat so that he is 15 m from the shore. He walks 3 m on the boat
toward shore and then halts. One can assume there is no friction between the boat and the water.

a) What happens to the boat as the dog

r

walks toward the shore? Why?

c) Suppose the dog jumps into the water exactly 15 m from shore. He swims 6 meters parallel
to the shore and then he swims 3 meters toward the shore. How close is the dog to the shore

now?
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d) Considering the situation in part {(c), what is the dog's total displacement vector from the
moment he started swimming?
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Problem 11 (10 pis):

Thog the Hairy was the world's first musician. Neanderthal iore says his first instrument was
made from a 5 kg rock hanging from a 2 m long mammoth-hair string with a mass per unit length
of 1.5 g/cm tied to a tree. What were the frequencies of the lowest 3 harmonics Thog could play
on this instrument? (Assume the rock is heavy enough that its transverse motion is negligible.)
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Problem 12 (10 pts):

Consider the configuration (shown below) of a rope that is half hanging over the edge of a
frictionless table. Suppose the rope has a mass per unit length of A kg/m. How much work is
exerted by a force that slowly pulls the entire rope up onto the table? Select the correct answer
and show the work that led you to that answer. No credit will be given for correct answers if
there is no supporting proc:f_ﬁ
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Have a wonderful holiday!

The dean says I'm not allowed to post grades. I plan to determine grades by the end of the week. I hope to send
them to you individually via e-mail around then. That involves some work on my part ... the e-mail could slip
until after New Year's Day.




