PHYSICS 107
FINAL EXAM
DEC. 19, 2007

NAME g

Circle problem session: Petzinger Wed. 9
Kossler Wed. 2

< Petzinger - Wed. 3~

Petzinger ~~  Thu.3

Calculators may be used for arithmetic operations—no preprogrammed formulas or
problems may be used.

Al /60
B1. /20
B2. /25
B3. /25
B4. /20
BS. /25
B6. /25
TOTAL /1200

Some possibly useful numbers: g2 =9.8 m/sec?, Pwater = 1000 kg/m3,
MEartn = 6 x 10** kg, Reary= 6400 km.,

G=6.67x 10" N-m’/kg” , 1 mm-Hg = 133 Pa, Ipoint=MR?, Tpa = (2/5)MR?



PART A - 12 questions, 5 points each

Al. A ball is thrown vertically upward. (a) What are the velocity and acceleration
when it reaches its maximum altitude? (b) What is its acceleration just before it hits the

ground?
Rps P N
T, 4 -

A2. Give one example of a case in which the acceleration is parallel to the velocity and
another in which it is perpendicular to the velocity. .
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A3. A 10 kg box is pulled by a rope at a 30 degree angle, as shown. The tension in the
rope is 40 N. There is no friction. (a) What is the acceleration of the box? (b) If the box

were on a scale, what would it read? -
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Ad. A ball of clay of mass m is thrown with a speed v against a brick wall. The clay
sticks to the wall and stops. Does this violate the conservation of momentum? Why or

why not?
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AS. You wish to bring an ultracentrifuge which is spinning at 60,000 revolutions per
minute to rest in 20 minutes. (a) What angular acceleration is needed? (b) How far does
a point on the outer edge (which is 20 centimeters from the axis) travel during the 20
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A6. Vulcan has the same mass as the Earth and 90% of the radius. What is the
acceleration due to gravity on the surface?
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A8. You hang a pendululs wi kg mass at the end from the top of the Washington
Monument (height is 1 etesg). What is the period? How would your answer change
if you used a 10 kg thass? ‘2 8
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A9. Explain, using Bernoulli’s principle, why roofs of buildings get blown off in
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A10. A car (m=2000 kg) is moving 60 m/sec north. A truck (m-4000 kg) is moving 40
m/sec east. They collide and stick together. What is their final velocity?
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A11. Sketch the\displ At variation for the two lowest modes of () a pipe closed at
both ends and ( ipe-open at one end. / 0 f.

A12. The Sun has a rotational period of 28 days. If it were to suddenly shrink to 1/100
of its original radius, what would its period be? £ e a S #7 P E GN\S$-
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B1. Thor and Mini are at rest 3 meters apart (Mini at x=0, Thor at x=3). They suddenly
both see a mouse 5 meters from Thor (at x=8). Thor accelerates at 2 m/sec’, Mini
accelerates at 3 m/sec’. At the instant that they start running, the mouse accelerates
away from them at 0.5 m/sec’.

(a)(12)Who reaches the mouse first?
(b)(8) How fast is the winner going when he/she reaches the mouse?
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B2. A bullet with a speed of 700 m/sec and a mass of 3 grams hits a block with a mass of

300 grams which is attached to a spring with a force constant of 500 N/m as shown. The
bullet stays in the block.

(a)(7) Just after the collision, what is the velocity of the block?

(b)(7) How much does spring compress (the maximum compression)?
(SF#F What is the period of the subsequent oscillations? e /2

(W@ When the block has compressed by half the distance in b), what is its speed? @
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B3. A sledder slides on a sled which has a mass of 10 kg. She starts at rest at the top of
a hill 4 meters high, slides down and ascends a hemispherical bump with a radius of
curvature of 3 meters. The sledder has a mass of 50 kg and is 26 years old. Ignore
friction and air resistance.

(a)(5) What is the speed of the sled at the bottom of the hill (point A)?

(b)(5) What is the speed of the sled at the top of the hill (point B)?

(c)(10) What is the normal force at the top of the hill? Does the sled maintain contact
with the snow?

(d)(5) How much work is done by gravity (on the sled-sledder system) as she ascends the
bump? How much is done by the normal force‘7
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B4. You are watering plants with a garden hose. Just for fun you direct the hose straight
up and see that the water reaches a height H=2 meters. You then squeeze the hose end
and reduce the area of the opening by a factor of 2.

(a)(10) Now, how high does the water reach? (assume the flow rate doesn’t change)
(b)(10) With the hose still squeezed, you point it at an angle of 60 degrees above the
horizontal. The hose opening is 1 meter above the ground. How far away from you
(horizontally) does the water hit the ground? (Hint: the water behaves as a projectile).
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BS. The blood pressure in your vein is 15.00 mm-Hg. The viscosity of blood (at body
temperature) is 0.002 Pa-sec, and its density is 1.06 times that of water. A needle with a
length of 2.5 centimeters and an inner radius of 0.3 millimeters is inserted.

(a)(10) How long will it take for a unit of blood (450 cubic centimeters) to drain out
through the needle? (Assume the blood goes out into the open air at the same height as
the vein.)

(b)(8) Suppose that instead, the blood follows a tube down to the floor into a bag, 1 meter
below (the bag is at atmospheric pressure). What is the pressure difference between the
exit at the needle and the bag below? (assume the velocity of the blood doesn’t change as
it flows through the tube.)

(c)(7) In this case, how long does it take to drain a unit of blood? (This is why the bag is
put low to the ground when you donate blood.)
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A. The following short answer questions are five points each.

1. Anideal gas is in a closed box at a temperature of 27 °C. Heat is added until the
pressure doubles. What is the final temperature?
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2. How much heat (in calories) would you need to add to 10 grams of ice at -20 °C in
order to first melt and then boil it?
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3. Aglass w1ndowpane that measures 20 cm b}; 15 cm is 0.32 cm thick. The temperature
outdoors is -15 °C and indoors is 22 °C.  What is the rate of heat loss through the
S5 window? The thermal conductivitv of glass is 0.63 W/(m-K). : R 4 e
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Bl. An ideal gas is in a closed box with a volume of 50,000 cubic centimeters, a temperature of 25 degrees
Celsius and is at atmospheric pressure (10° Pa).

(a)(10) How many moles are in the box? How many molecules?
(b)(15) the gas is then heated to 100 degrees Celsius by putting 3140 Joules of heat into the box. Is the gas
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