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In keeping with the Union College policy on academic honesty, it is assumed that you will
neither accept nor provide unauthorized assistance in the completion of this work.






Part I: Free Response Problems
Please show all work in order to receive partial credit. If your solutions are illegible
no credit will be given. Please use the back of the page if necessary, but number the
problem you are working on.

1. A fly-ball governor is a device used to prevent sudden speed changes in a steam
engine. As the shaft rotates more rapidly, the balls rise, lifting the collar. The collar
connects to a valve control, so that when it is lifted it reduces the steam pressure that
is causing the speeding up of the shaft.

a. Draw a carefully labeled free-body diagram and
from it derive expressions for the net force in the
x- and y-directions. (Hint: Assume that the force
exerted on each ball by the rod of length | is
purely a tension force and that the connecting
structures are very light compared to the balls.)
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b. Show that the relationship between the angle ¢ and the shafts’ angular velocity o

9

is given by cos¢ = T Does this relationship indicate that the angle ¢ is
a

increasing or decreasing with ®? Explain your reasoning.

As o increases, cos ¢ decreases, so this indicates that as ¢ increases m increases.

c. What is the period of revolution of one of the balls?
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d. What is the rotational kinetic energy of the fly-ball governor? (Hint: The
moment of inertia of a point mass is mR%.)
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2. A garden water sprinkler is shown below. There are three veins (of radius R =
200mm) that distributes the water as the sprinkler rotates counterclockwise about the
hub H. The sprinkler is connected to a water supply through a hose that is %2 in
diameter (where 1 = 2.54 cm) and flows into the hose at a rate of 14.5 m/s.

a. What is the flow rate out of the water supply?

flow rate = AV, = 7(3"% 220 )’ » 14,51 = 4,13x107°

b. If the cross sectional area of a vein is 30 mm?, what is the speed of the exiting
water from the vein?

flow rate = 4.13x10° % =3A , v,,,, = 3x(30mm? x|,

(1000mm)?
Vg, = 4560

c. The exiting water causes the sprinkler to rotate and this causes a change the
angular momentum of the sprinkler. What is the change in the angular
momentum of the sprinkler? (Hint: Treat the sprinkler veins as thin rods spun

about their ends where the moment of inertia of a single rod is given as | =1mR?
and the mass of each rod is 50g.)

o = 3x3MR? = mR? = 0.05kg x (0.2m)* = 0.002kgm?
v 4567

R 0.2m
AL =lo, - lo, = lo, =0.002kgm? x 229,524 = 0,459 "

= 22951

d. Ifittakes 2 s for the sprinkler to attain a constant final rotational speed, what
magnitude of torque was produced about the hub H?

kgm?
At At 2s






3. A block of mass 4kg is suspended by a rope that passes over a pulley of mass 2kg and
radius 5cm. The rope is connected to a spring whose stiffness constant is 80 N/m.

k
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a. Using energy methods, what is the maximum extension of the spring, if the block
is released from rest?

AU, + AU + AKE; + AKE, =0
(0—mgy)+(2ky? —0)+(0-0)+(0-0)=0
min - y=0

omg  2x4kgx9.87
k 80N

max —

=0.98m

b. What is the speed of the block after it has fallen 20cm? (Hint: Treat the pulley as
a disk with moment of inertial =< mR?.)
AU, + AU + AKE; + AKE; =0

(O—mgy)+(%ky2—0)+(%mv2—0)+(%la)2—0):0
v=R,® & I =im R?

L [may—zky* 4kg x 9.8 x0.2m — £ x 80 x(0.2m)* _158n
S\ im+im, 4kg  2kg T
2 4 p L T —

2 4







Part I1: Multiple-Choice

Circle your best answer to each question. Any other marks will not be given credit.
Each multiple-choice question is worth 2 points for a total of 20 points.

1. The table below gives pressure measured at various depths below the surface of a
liquid in a container. A second liquid, whose density is twice that of the first liquid, is
poured into a second container. Similar pressure measurements are taken for the

second liquid at various depths below the surface

of the second liquid. What is the pressure at a

depth of 10cm for the second liquid?

a. 250 N/m? b. 450 N/m?

@850 N/m?

Depth (cm) | Pressure (N/m?)
5 250
10 450
15 650
d. 1650 N/m?

2. A solid body can be in rotational equilibrium only when

a. it has zero angular momentum.

é:} itis in free fall.

its external torques sum to zero.
its external forces sum to zero.

3. The figure below shows three small spheres that rotate about a vertical axis. The
perpendicular distance between the axis and the center of each sphere is given.
Which of the following must be true if the moments of inertia?

LO% kg
M (Mg

/ 3m
Rotation
axis
|1=|2=|3 b. I,<l,<l, c

L=1,<lI,

O4kg




4. When a downward force is applied at a point a distance 0.6m to the left of a fulcrum

5.

(a pivot), equilibrium is achieved by placing a mass of 10 kg at a point 0.4 m to the
right of the fulcrum. What is the magnitude of the downward force?
a. 15N
6.5N
c. 98N
d 15N

It takes a good deal of effort to make homemade ice cream If the torque required to
turn the handle on the ice cream maker is 5 Nm, how much work is expended on each
complete revolutign of the handle?

a. 3.14 (b) 31.4] c. 1800 d. 0.8J

A skater pulls in her arms, decreasing her moment of inertia by a factor of two, and
doubling her angular speed. Her final rotational kinetic energy is given as
a. KE; =KE,

KE, = 2KE,

c. KE, =4KE,
d. KE, =1KE,



Questions 7 - 9 refer to passage below.

Three balls with the same volume of 1x10° m? are in an open tank of water that has a
density puaeer = 1000 kg/m®. The balls are in the water at different levels as shown below.
Ball 1 floats in the water with a part of it above the surface. Ball 2 is suspended in the

water, and Ball 3 rests on the bottom of the tank.
7. The densities of the balls, p;, p2 and psz are
related by which of the following? @

,01<,02<,03

b. p1<p, =ps
C. pr=p2 <pP3 @
d. p=p,>p,

8. Ball 2is in the water 20cm above ball 3, what is the approximate difference in
pressure between the 2 balls?
a. 200N/m>  b. 500 N/m? @2000 N/m? d. 5000 N/m?

9. Assuming that the side of the tank is punctured 5m below the top of the water, and
that air pressure is 1x10° N/m?, what is the speed of the exiting water from the hole?
10 m/s b. 12 m/s c. 14 m/s d. 17 m/s

10. An object starts from rest and rotates counterclockwise with constant angular
acceleration and reaches an angular speed of 12 rad/s in 3 s. What is the angular
acceleration of the wheel?

a. 36 rad/s? b. 2 rad/s? c. 18 rad/s? 4 rad/s?






Useful formulas:

Motion in the x, y or z-directions

e =r, + Vo, t+3at?
Vi =V, +a,t

v, =V, +2a,Ar

Vectors

magnitude of avector = /v,” +v?,

directionof avector —» ¢ = tan’l[—y

‘)

Linear Momentum/Forces

p=mv
b= bt
F=ma
F, =k x
Fo = uFy

Rotational Motion
0, =06, + wtiat?

w; =w; +ot

0%t = 0% +2aA0
r=la=rF
L=lw

As=rA@:v=rew: a =ra

a, =ro?

Uniform Circular Motion

Useful Constants
g =9.8%2 G =6.67x1
N, = 6.02x10% aoms/

o =5.67 ><10’8‘A%n

24

Work/Energy
K,=%mv?
K, =1lo’
U, =mgh
Ug =1kx?
W; = FdCos 6 = AE;
W, =70 = AE,

Wnet =Wg +W; = AE;
AKE +AU  +AU =0

AKE +AU ; + AU = -AE

Fluids

p:

P=

> <|Z

P, =P, + 0gd
F =mV

P +3 0%+ pgh =P, +3 0%z + g,

Geometry /Algebra

Circles Triangles Spheres
C=2mr  A=1bh A=dar®
A=7r? V=4m?

Quadratic equation : ax? + bx +c¢ =0,

b++/b? - 4ac

whose solutions are given by: x=— )
a

11 N2
0t

ky =1.38x1072 i,

Vsound = 343 r%

Heat

T, =[T. -3

T. =T, +32

Lnew: Lold(1+aAT)

Aven = Pyg (1+ ZG’AT)

V., =V, 0+ pAT): B=3a

PV = Nk,T
3k, T =3 mv?
+AE, *° 2
AQ =mCcAT
ot kg
diss At L
P, =29 omaT!
AT
AU =AQ-AW

Simple Harmonic Motion/Waves

w:27rf:2—”
T
T, =27,
k
I
T, =27  |—
Vg
2
v:ivmx[ 17:—2]
Vi = @A
A,y = 0°A
v=fl
v = Py
u
f :nflznv—



