Physics 220 — Exam #2

March 29 2004
This exam consists of 12 problems on 7 pages. Please check that you have them all,

All of the formulas that you will need are given below. You may also use a calculator.

sin@ = y/r cosd = zfv tan @ = y/z r

¥
average speed = ditence.umveled g = 98 m/s ' a
average velocity = ¥ = d—i‘-":fnmfm : x

instantaneous velocity = slope of position versus time
instantaneous acceleration = slope of velocity versus time

For constant acceleration:

z = zp + wt + jat? v = +a v o= 4l 4+ 2a{z — zp)

F = ma e o = Hel (static friction) Flricim = px NV (sliding friction)
Fyrauity = S G = 6.67 x 10~ Nm?/kg?

a. = vifr KE = im? W = Fd cosf PEguiy = mgh
W,.=AE power = work/4d 5= mi Ap = impulse = FAi
KE = 112 I =3mRA? T = force x {lever arm) = Iov L=1Iuw
Fupring = —ka PEping = kz? w=2rf F=yT

For constant angular acceleration:
? = 0 + wot + Jai? W= wy + ot wr o= wi + 20(8 — &)

r=la f=s/r w=uvfr a=afr



1,

It is your birthday and you received a new skateboard. This is not just any skateboard, but a
special frictionless model. To test it you arrange to have a speed of 12 m/s on the approach to

the ramp shown below. Do you make if to the top of the ramp, and if so, what is your speed when
you pet there?

Y

You don’t make it to the top.

You make it to the top, but your speed is zero when you get there.
You make it to the top, and your speed 1313 m/s when you get there.
You make it to the top, and your speed is 4.1 m/s when you get there.

You make it to the top, and your speed isl.1 ms when you get there,

2. A small coin is placed on a record that is rotating at 33.3 rpm {revolution per mimute), If
the coefficient of static friction between the coin and the record is 0.1, how far from the
center of the recard can the coin be placed without having it slip off?

a) 1.0m
b) 0.28m
¢) 0.50m
d) 2.1m
e) 0.08m



3. A rock of mass 3.0 kg is moving in uniform circular motion in a horizontal plane as
shown in the figure. The radius of the orbit is 0.80 m. What is the linear speed (in
m/s) of the rock?

a) 2.5
b) 1.4
c) 2.8
dy 2.0
e) 9.3

4. A skier of mass 55 kg starts with an initial speed of 5.5 my/s at the top
of a ski slope. When she reaches the bottom of the slope her speed is
9.0 m/s. How much work is done by friction and air drag on the skier?

a) +1400 ]
b) —1400J
¢) —6700) =
8y 9500 J \

ey 81007 :\

13m K




A rock of mass m = 12 kg is tied to the end of a long rope of length
L= 50m. One end of the rope is tied to the top of the bell tower,
and the rock is initially held with the rope horizontal as shown. The .
rock is then released and swings down to the bottom of the bell
tower, Find the tension in the rope just before the rock hits the
bottom of the tower,

rope

a) 600 N
b) 350 N
c) 120N
d) 240N
e) 24N

A satellite revolves about Earth it a cireular orbit, with radius r,

and speed v,. A second satellite is in a circular orbit (ry, vy)
around another planet, which has a mass four times that of Earth
(M =4 Mg). If the two orbits have the same radius, £, = 1;, the

speed of the second satellite {v,) is:

a) v;=2v,
b) v, =4v,
c} vy = {1/2) v,

d) v, = (/) v,

E) V=¥,



Two cars are travelling along a straight level road on a collision course. A Ferrani {(a sports
car} of mass 1200 kg is traveling with a velocity of v =+ 24 m/s. It collides with a 900 kg
Honda {another car) going at v =— 42 m/s. After the collision the cars lock bumpers and move
away together at a velocity v. Find v.

a} 18 mfs
b) 32 m/s
c) -43m/s
d) - 18 mfs
£) 62 m/s

Two asteroids (masses m, = 200 kg and m, = 300 kg) are moving on a
collision course, and approach each other at right angles as shown. They
collide and then stick together. Before the collision they have speeds

v) =20 mv/s and v, = 11 m/s. What is their speed after the collision?

) 80mis —_— e

b 15 mis @— b
o 14ms my

d) 0.6 mf3

g) 10 m/s

m2



10.

Two carpenters are camrying a uniform beam. The beam iz 2.44 m long and
weighs 425 N. Carpenter #1 agrees fo carry the beam £.0 m from the end
and the carpenter #2 carries the beam at its opposite end. What is the up-
ward force (in Newtons) exerted on the beam by the first carpenter?

1 F
a) 213N
b) 360N
c) 65N
d 425N Carpenter #1 Carpenter #2
e) 125N

A solid sphere of mass 1.0 kg rolls without slipping on a horizontal surface (without frictional
loss of energg] with a translational speed of 10 m/s. What is the total energy of the rolling

sphere? [I =< MR2? for a sclid sphere].
a) 50
b)  20]
¢) 1007
d 707

e} 407



12,

11.

A uniform rod of length L is free to pivot around an axis through its

upper end. Ifit is released from rest when horizontal, at what speed is the
lower end moving at its lowest point? [Hint: The gravitational

potential energy change is determined by the change in height of the center
of gravity. 1= % mp? for a uniform rod.]

ay gL
B Jel
¢) J2gL
d) Vogl
2} J?TgE

A tumtable for playing records has a moment of inertia of 5.2 kg m® and is rotating with an angular
velocity of 36 mpm (revelutions per minute}, A record, initially at rest, is dropped straight down
onto the rotating turntable. The record and turntable rotate together at 33 rpm (revolutions per
minute). Find the moment inertia of the record in kg m?,

2 047
b)) 2.6
¢) 5.7
d 104

e) 0.13
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