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You will be given 100 minutes to work this exam. No books, but you may use a
handwritten note sheet no larger than an 8 1/2 by 11 sheet of paper. No electronics of any
kind (calculator, cell phone, iPod, etc) are allowed.

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.

Each part is worth the number of points indicated. These should sum to 100 points. Setup
and explanation are worth almost all 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.

There is a note sheet at the back. You can tear it off and keep it separate if you’d like.
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Read the problems carefully.
Try to do all the problems.
If you get stuck, go on to the next problem.
Don't give up! Try to remain relaxed and work steadily.




v=di/dt a=dv/dt x(t)zx0+vot+%%f2 V() =vo+agt Vi(x)=v; +2ax

ZF:mZI F=mv’/[R F=mg }3=Zm,w7, g=10m/s> 1atm=10" N/m?

DL =X my, + m.,v
i el D ey, 2 == 250
Xem = ‘Zmi'xi/zmi Ven = _Zmrvi/zmr’

m, +m, m, +m,

Fo=pF F . apl, We=Fei P=yi D:%Cpsz b=Icosl a*+b*=c>

sin 45° = cos 45° =0.71; cos 60° = sin 30° = 0.50; sin 60° = cos 30° = 0.87

i
:

1

W= Fxcosf P=dW/dt K:%mv2 U=mgh U==k’ DZECpsz

AK = KK AU = Ue-U; W=AU+AK+AEn+AEint

V), = kNl v, + 24, Vy o Vo= i v, + s i vy, P=FA
m, + m, m, + m, (G m, + m,
Z?=I& T=FxF t=rFsin@ [I'=I+mr’
L=rpsint L=l L=mro E=—Ilw E=—
2 21
Rotational Inertias for radius R or length L:
sphere about axis: (2/5)MR2 spherical shell about axis: (2/3)MR2
disk about axis: (1/2)MR2 hoop about axis: MR2

rod about perpendicular at midpoint: ML2/12

: /k
— v’ +ygp+P =constant @D = +]— wng
2 = ;




1) Bent see-saw (25 points)

The see-saw shown at the right consists of a triangular base
and a bar with a 90° bend 2 m from the pivot point on its

right side. A point-like 10 kg mass sits atop the bent arm of
the see-saw bar at a position that is at an angle of 30° above

the horizontal from the pivot point. A point-like 3 kg weight
rests on the left side of the see-saw 3 m from the pivot point.
The see-saw is prevented from rotating from its horizontal
orientation by a rope tied to a point 1 m to the left of the
pivot point; the other end of the rope is tied to a point on the
ground directly below the point where it is tied to the see-
saw bar. Assume that the see-saw bar itself is massless and
not rotating (in other words, it is static).

a) Make a free body diagram of the see-saw bar. Make sure to clearly label all forces.

b) What is the torque on the see-saw bar about the pivot point due to the mass on the
right? Use the convention that clockwise torques are positive.

¢) What is the torque on the see-saw bar about the pivot point due to the mass on the
left? Please check your signs.

d) Find the tension in the rope.

e) What is the largest mass, M3, that could be added to the bar 1.5 m to the left of the
pivot point without causing the bar to rotate counterclockwise?




2) Tank drains into a cart (35 points)

A tank filled to a height of 15 m of water stands next to an |5,

empty 20 kg cart as shown in the figure on the right. At

time t = 0 a square 0.1 m by 0.1 m hatch on the side of the vy

tank is opened for exactly one second, allowing water to [ =

rush out of the hole and fill the cart. All of the dimensions | Sim { TR s
of the tank are much larger than the size of this hatch, so L & @1@\/

the water level remains essentially unchanged after the A e
hatch is closed again. The hatch is located 5 m from the Ve © \’EV‘A
bottom of the tank. The density of water is p = 1000 kg/m”>.

a) There is a rock with volume Vg = 0.01 m’ sitting at the bottom of the tank. What is
the buoyant force on the rock due to the water?

b) What is the pressure in the water inside the tank at the same height as the hole? State
whether you are expressing your answer in terms of gauge pressure or absolute
pressure and be consistent with your choice for the rest of this problem.

c) What is the speed of the water shooting out horizontally through the hole?

d) How much water (in kg) pours from the hole during the 1 sec that the hatch is open?

e) Assuming that all of the water that leaves the tank lands in the cart and none of it
spills, how fast does the filled cart move to the right after the hatch has been closed?
Assume the cart’s wheels are massless and frictionless.




3) Mechanical advantage (20 points) o s e g O e
QO

A 1000 Kg car is raised 2 m off of the ground using a s w1 51 i

hydraulic lift, which consists of a U-shaped tube that has a > i y f\\%{?r\

small area Ag = 0.001 m® on the right side and a large area l qrea'\“ /i;,r}}’

Ar =2 m” on the left side. A car mechanic exerts a — l.z s o e—

downward force on the right side of the lift with his foot. poivt G

Assume that the hydraulic fluid has the density of water:
p = 1000 kg/m’.

a) What is the pressure of the hydraulic fluid located at point C, which is right under the
car? State whether you are expressing your answer in gauge pressure or absolute
pressure and be consistent with your choice for the rest of this problem.

b) What is the pressure of the fluid at point G, located at ground level on the left side of
the lift?

¢) What downward force must the mechanic apply to the lift with his foot to keep the car
from falling?




4) Rolling down a ramp (20 points) T vy \L

A wheel with mass M = 3 Kg, radius R = 1 m and moment Lol &/ @I

of inertia of I = % MR? about its axis of symmetry rolls \ il B &
down a ramp without slipping. The wheel starts at rest with v A7 y | \

its center of mass at a height of 11 m above the ground. MOO ,( 3 )
The ramp is inclined at an angle of 30° from the horizontal =1 5

and there is a spring at the bottom of the ramp with a R=1m

rounded piece of metal attached to slow the wheel when it
reaches the bottom.

a) When the wheel is halfway down the ramp, so that its center of mass is 6 m above the
ground, what is its linear velocity?

b) At this point, what is its angular velocity?

c) At the bottom of the ramp, the spring slows the wheel to a stop right when the wheel
reaches the ground, so its center of mass is R = 1 m above the ground. Assuming that
the wheel never slides on the ramp, and that the surface of the rounded piece of metal
attached to the spring is frictionless, how much energy is stored in the spring at the
moment that the wheel comes to rest? Please explain your answer.




