


Problem 1 (10 poin ts, no partial credit)

A t a lo cation where the acceleration due to gravit y is 10 m/s 2, a 2 kg ball
is dropp ed from rest in vacuum at t = 0. On the scale below, indicate the
vertical position of the ball at one second in terv als after the ball is released
(i.e., at t = 1s, 2s, 3s, : : : ) until it falls o� of the scale.
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Problem 2 (10 poin ts)

You are walking on a horizon ta l road. A t some instan t of time you accel-
erate forw ard. Your acceleration has magnitude a. Your mass is M .

a) In words, state what forces are acting on you and whic h force causes the
acceleration.

b) What is the magnitude of that force?
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Problem 3 (10 poin ts)

The diagram shows a Ven-
turi meter installed in a wa-
ter main. The pip e has
a circular cross section at
all poin ts, with diameter D1

in the �rst segment and D2

in the second segment, with
D2 < D1. The mass den-
sit y of the water is � , and
the acceleration of gravit y is
g (g > 0). If the water in
the pip e is 
o wing at volume

o w rate R (measured, for
example, in m3/s), what is:

a) the speed of 
o w v1 in the �rst section of pip e (of diameter D1), and the
speed of 
o w v2 in the second section of pip e (of diameter D 2)?

b) the di�erence in the water level � h in the two tub es?
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Problem 4 (10 poin ts)

A monatomic ideal gas, originally at a pressure P , volume V and temp era-
ture T , is compressed to one half of its initial volume.

A) If the compression is isothermal (i.e., at constan t temp erature)

a) The �nal pressure is:

i) P ii) 2P iii) 3P iv) 4P v) 5P

vi) P=2 vii) P=3 viii) P=4 ix) P=5

b) The work done by the gas during the compression is:

i) � PV ln 2 ii) PV ln 2 iii) � P
V ln 2 iv) P

V ln 2 v) � 2PV

vi) 2PV vii) � 2P V
T viii) 2P V

T ix) � P V
2T

ix) P V
2T

B) If the compression is isobaric (i.e., at constan t pressure)

a) The �nal temp erature is:

i) T=2 ii) 2T iii) T=4 iv) 4T v) T ln 2

vi) T=ln 2 vii) T ln 4 viii) T=ln 4

b) The amoun t of heat supplied to the gas during the compression is :

i) � 1
4PV ii) 1

4 PV iii) � 1
2 PV iv) 1

2 PV v) � 3
4 PV

vi) 3
4 PV vii) � 5

4PV viii) 5
4 PV ix) � 11

4 PV

ix) 11
4 PV
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Problem 5 (10 poin ts)

Tw o cars collide at an in tersection. They remain lo cked together after the
collision and tra vel a distance s, at an angle � to car 1's original direction.
Car 1 has mass M 1 and car 2 has mass M 2. The acciden t happ ened in
conditions when the coe�cien t of kinetic friction between rubb er and the
road is � k . What were the speeds of the two cars immediately before the
collision?

You may assume that the acceleration due to gravit y is g, and that the
force of the collision causes the wheels of the cars to immediately lo ck, so
that the rotation of wheels can be ignored.
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Problem 6 (10 poin ts)

A uniform plank of wood with mass M and length ` rests against the top
of a free standing wall whic h has heigh t h and a frictionless top. The plank
mak es an angle � with the horizon tal.

a) On the picture on the righ t, draw a free body diagram for the plank.

b) In the boxes below, write a complete set of indep endent equations whic h
when solved giv e the minim um value of � for whic h the plank will not
slip. Express your equations in terms of only M , ` , h, g, and � s , the
coe�cien t of static friction between the plank and the 
o or. Do not
solve the equations.

Note: The number of equations you write could depend on how you have
de�ned your variables, so some correct answers will not �ll all boxes.
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Problem 7 (10 poin ts)

A ball is placed on a vertical massless spring whic h obeys Ho oke's Law and
whic h initially has its natural uncompressed length. It is observ ed that at
�rst the ball mak es vertical simple harmonic oscillations with perio d T .

After a very large number of oscillations the ball comes to rest because of
air resistance and losses in the spring. What is the �nal compression of the
spring in terms of only T and g.
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Problem 8 (10 poin ts)

You have been giv en a nugget whic h you are told is a mixture of gold and
zinc. You want to �nd out how much gold you have been giv en. Being an
MIT studen t you mak e the follo wing observations:

1. You put a cup partly full of water on an electronic (w eight) scale and
observ e that it reads M 1, meaning that the force on the scale is equiv alent
to the gravitational force of a mass M 1.

2. You attac h the nugget to a very thin sti� piece of wire and hold the
nugget in the water fully submerged but not touc hing the bottom of the
cup. The water does not over
o w. You observ e that the scale now reads
M 2.

3. You remove the wire and drop the nugget in to the cup. No water is
spilled. The scale now reads M 3.

4. In a reference book you �nd that gold has a densit y � Au , zinc � Zn , and
water � H2 O .

Using these observations determine

a) the volume of the nugget

b) the mass of the nugget

c) the mass of the gold in the nugget.
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Problem 9 (10 poin ts)

A uniform disk of mass M 1 and radius R is piv oted on a frictionless hori-
zontal axle through its center.

a) A small mass M 2 is attac hed to the disk
at radius R=2, at the same heigh t as the
axle. If this system is released from rest:

i) What is the angular acceleration of the disk immediately after it is
released?

ii) What will be the magnitude of the maxim um angular velocit y that
the disk will reach?

b) Now consider the situation if the mass
M 2 is a disk of radius R=2 lo cated with
its center at the same place where M 2

is lo cated in part (a). For this case,
�nd the angular acceleration immedi-
ately after the system is released from
rest.
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Problem 10 (10 poin ts)

A satellite follo ws an elliptical orbit. Its closest approac h to the earth is
R1, at whic h poin t it has speed v1, and the furthest poin t is R2, at whic h
poin t it has speed v2. Both distances are measured from the center of the
earth. A t the surface of the earth the acceleration due to gravit y is g and
the earth's radius is R.

What is the magnitude of v1 in terms of only R1, R2, R and g?
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