Name

Physics 201 Final Exam—Practice

Equations:
X=X+ vot+Veat?  v= (V- )2 vy = v-cos(6)
v=w +at v = AX/IAt vy, = v'sin(0)
V= v’ +2a(x-X0)  a= AvIAL = v+’
F = ma ar=VAr tan(6) = v,/vy
Fio = - Fy p=mv W = Fd-cos(0)
Fo = mg F = Ap/At KE; = Yamv?
Fr = Impulse = FAt = Ap GPE = mgy
Frr < usFn mvqi + mvo = mvy + mvy’ KEo + I?EO + W = KE; + PE;¢
F(G) = Gmyma/r* ¥t = Jo SPE = Yskx*
© = rFsin(o) E = (F/A)/(Al/lp)
Material Elastic modulus Ultimate strength (tension)
Steel 200x10° N/m? 500x10° N/m?
brass 100x10° N/m? 250x10° N/m?
Aluminum 70x10° N/m? 200x10° N/m”
Concrete 20x10° N/m? 2x10° N/m?
Nylon 5x10° N/m? 500x10° N/m?

1. Define the following terms:

Velocity:

Static Friction:

Impulse:

Elastic modulus:
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Spring constant:

Torque:

2. Alight body and a heavy body have the same kinetic energy. Which has the greater
momentum?

The heavy one. The lighter body will have a velocity greater by the root of the ratio of
velocities, v, = (m+/m,)"?v,, so when multiplied by the mass to get momentum, the larger
one will have more momentum

3. When climbing a steep hill on a bicycle, one often will put the bike in lowest
gear. Does this correspond to the largest diameter or smallest gear on the
back wheel? Explain why, explicitly mentioning the most relevant of the
physics ideas we have studied and how it relates.

This is the largest gear on the back wheel. Using the largest gear maximizes the
torque that a foot (via the chain) can put on the back wheel. Since the radius of
the wheel is fixed, this will increase the force exerted on the ground by the tire.

4. Here is an acceleration graph of a car. Draw the velocity graph on the right

Acceleration graph Velocity graph
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5. Draw a torque diagram for the pole being lifted by the cable in this picture.

FT rope->pole
pe-=p

F N ground->pole

FG Earth->pole

Ff ground->pole

6. A low friction cart rolls on a ramp. The graph on the left shows its kinetic energy as a
function of time. Sketch its potential energy in the graph on the right.-

Kinetic Energy Potential Energy
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Describe the general motion of the cart between t=0 and t=6.

The cart starts near the top of the ramp, not moving at the beginning, and it rolls down
the ramp, speeding up.

7. Draw a momentum diagram for a rifle and the bullet it fires at 150 m/s.

Before o o
Prifle Pbullet

After 4 —

Prifle Phbullet
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8. The tension on a 90 cm nylon guitar string is 54 N. If the diameter is 2.0 mm,
how much is it stretched? What would the upper limit of force that can be

applied if one uses a safety factor of 10?
E = (F/A)/(AL/Ly) => AL = (F*Lo)/(E*A)

A =nr’ = 3.1416*(0.001 m)? = 3.14x10° m?

AL = (54 N * 0.90 m)/(5x10° N/m? * 3.14x10° m? )

=0.003m=3mm

stress = max stress/safety factor = 500x10° N/m?/10 = 5x10” N/m? = F/A

F = 5x10" N/m? * 3.14x10° m? = 157 N

9. Tarzan (mass of 75 kg) rescues Jane by swing in at 4.5 m/s and grabbing her
so that they then swing off at 2.7 m/s. What must be Jane’s mass?

Use momentum.

MTarzanVtarzan before = (MTarzan*Mane)Vafter
75 kg * 4.5 m/s = (75 kg + Myane)2.7 m/s
75 kg (4.5 m/s — 2.7 m/S) = Myane2.7M/S
Myane = 50 kg

_> )

pTarzan pJane

I pTarzan + pJane

10. Sally and Johnny take their sled up to the top of a 25 m high hill. If friction
and air resistance could be ignored, how fast will they be traveling when they

get to the bottom?

At top

At bottom

PE

KE

PE
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KE

y=25m
g=9.8 m/s’

PE =KE

mgy = vsmy?

gy = 1oV

v =sqrt(2gy)

v = sqrt(2 x 9.8m/s” x 25 m)
v=22.1m/s
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11. A 1200 kg car rounds a level curve of radius 75 m at 20 m/s. What is the
frictional force on the car? What is the minimum coefficient of friction that
must exist between the tires and the road?

A FN road->car

a
.'> Ff road->car

AY
FG Earth->car

F.) Fr=ma = mv’/r = 1200 kg*xo m/s)?/75 m = 6400 N
F, = uFy =umg = p*1200 kg * 9.8 m/s? = 6400 N

= 0.54

12.How much work must be done to push a 0.5 kg stroller with a 25 kg child up a
ramp that is 15 meters long and 1.2 meters high if friction can be ignored? If
there is a force from the ramp and the wheels of 10 N retarding the stroller,
what will be the total work done?

Falong ramp) FN hand - Fasind — Fr=ma =0

Fperp. ramp) FN ramp — FGC0S® =ma =0 ENramp->sioter

sind=1.2m/15m FN hand->strolter

without friction: Fframp->str011er

FG Earth->stroller

Fn hand = Fasin® = 25.5 kg * 9.8 m/s® * 1.2m/15m
=19.99N

W=F*d=19.99N*15m =300 J

with friction

F=19.99N+ 10N =29.99 N

W=F*d=29.99N=4501]
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13.A 100 kg sign is to be hung from an overhang
as shown. The cable on the right is attached at
the end and the other 2/3 of the way to the
other end. How much force must be on each

cable? Eat at Joe's
Statics problem: sum forces = 0, sum torques =0 AFq, Fry
Fy) Fri+Fro—Fg=0 @G T
use pivot at left end, i Fs

1) — 0.5*L*Fg + 0.667*L*Fr2 = 0
Fr2 = (0.5/0.6667)*(100 kg * 9.8 m/s?) = 735 N
Fr1=100 kg * 9.8 m/s®>— 735 N = 245 N
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14. Real world problem. Fill in ONLY the indicated steps of the FOCUS and
DESCRIBE steps. DO NOT SOLVE THE PROBLEM

A 15 meter long ship crane is unloading a 400 kg crate. It consists of a 60 kg
boom (pole) atached to the deck with a hinge, and a horizontal cable to hold it up
attached at the middle of the boom. What must be the tension on the horizontal
cable when the boom is tilted from the vertical by 40 degrees? What will be the
horizontal and vertical forces of the boom on the deck of the ship?

EVERYDAY LANGUAGE What are you trying to find?
Sketch with Given Information
Forces on boom (cable, pivot)

What are the physics principle(s)?
Forces, torque

Physics Description Define Variables

Diagram

Frioad = 400 kg * 9.8 m/s’
FT load->boom FG =60 kg *0 8 m/s2
FNx = ?

FT cable->boom

l

FG Earth->boom

FN pivot->boom
Quantitative Relationships (Write down ONLY the equations needed to solve this
problem.)
Fx) Fnx = Frcabe = 0
Fy) Fny— Fe — Frioad = 0
1) -V5LFgsin(180° -50°)+ YLFt capieSin(180° -40°) — LF pagSin(180° -50°) = 0
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Real world problem. Fill in ONLY the indicated steps of the FOCUS and
DESCRIBE steps. DO NOT SOLVE THE PROBLEM

A military airlift is going to drop supplies to soldiers looking for Al Queda fighters
on a small level area the mountains of Afghanistan. If the plane is moving
towards the target at 200 km/h and 250 m above the target area, at what
distance before the target should it drop the packet? (Ignore air resistance.)

EVERYDAY LANGUAGE What are you trying to find?
Sketch with Given Information
horizontal distance

200 km/h
250 m What are the physics principle(s)?
motion in 2-D
Physics Description Define Variables
Diagram
y 0 =7 Vo =250m
X xr=0m yr=0m
YVox — 200 km/h Vox = 0 m/h
=55.5m/s a, =-9.8 m/s’
Vy to=0s tr=7
Vx
y

Quantitative Relationships (Write down ONLY the equations needed to solve this
problem.)

Xf = Xo HVoxt

Vi = Yo + Ysat?
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