Physics 220 — Final Exam

December 17 2003

This exam consists of 25 problems on 15 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.

siné = y/r cosf = zfr tanf = y/x r v
average speed — distence iraveled g = 9.8 m/s o
average velocity = & = ﬂ%‘%m x

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

For congtant acceleration:

% = To + vt + ar? v = w + at v = v + 2a(z — xp)
F=mi Fion = HslN (static friction) Froiction = tix N (sliding friction)
Fprauiry = 2Ty G = 6.67 x 16~ Nm?/kg?

a, = vir KE = im? W = Fd cosd PEanity = mgh
power = work/A# P = m¥ Ap = impulse = F At

Fapring = —kz PEoping = sk’ x = Asin(wt) v = Aw cos(wt)
w=\/1ﬁ_m w=fg/L w=2nf f=1yT

For constant angular acceleration:

@ = 8 + wet + fat? w = wy + at w? = wg + 20 — 6o)

KE=1wf2 L=lw r=ia 0O0=sfr w=vfr a=afr w=68ft

t

The next page contains more formulas.



Pressure = PForce/aren P = 1.0 x 10° Pa. Ay = Ayt

P+ pgh + pui/2 = Py + pgha + pr3 /2

Archimedes principle: buoyant force = weight of fluid displaced

AL/L = aAT

PV =nRT {T in Kelvin) = 273 + {T in Celsius) U; = 3nRT/2
Avogedro’s number = 6.02 X 10% particles per mole R =831 J/mole — K

K Eoye = 3kT/2 k=14x10"2 J/K AU =@ -W

W = area under P — V curve W =Qy-Qc Qe/Qu =To/Tu

v=FfA T=1/f y = Asin(2rft — 2nz/X) y = Acos(2m ft ~ 2xz/A}
foin = fuowrcel (12 0ufv)  w=\/T/(m/L) A =4L/n



1. An organ pipe is closed at one end and open at the other. It is found that the fun-
damental frequency of the pipe is 440 Hz. Find the length of the pipe. The speed of
sound in air is- 330 m/s.

(a) 44 m
(b) 0.19m
(¢} 1.3 m
(d) 0.75 m
(e) 0.38 m

2. A cannon is mounted on a railway car and is facing in a direction parallel to the tracks.
It fires a shell of mass 120 kg at an angle of 60° with respect to the horizontal, and
with a speed of 140 m/s. If the mass of the car plus the cannon is 3000 kg, find the
recoil speed of the car. Assume that the system is initially at rest.

(&) 2.8 m/s
(b) 1.2 m/s
{c) 5.6 m/s
(d) 48 m/s
(¢) 70 m/s



3. A rigid container full of helium gas is initially at a pressure of 2.5 x 10° Pa at &
~ temperature of 40° C. It is then heated to 120° C. What is its final pressure? Note
that under these conditions, helium can be treated as an ideal gas.

(a) 2.5 x 10° Pa
(b) 2.0 x 10° Pa
(c) 1.0 x 10° Pa.
(d) 3.1 x 10° Pa
(e) 7.5 x 10° Pa

4. A rollercoaster of mass 300 kg starts from rest at a height £ = 40 m above the ground.

It then travels to the top of the circular portion of the track as shown. What is the

. normal force on the track on the rollercoaster when it reaches point A7 Assume that
there is no friction, and ignore the kinetic energy of the wheels of the rollercoaster.

(a) 2900 N
(b) 2200 N
(c) 6500 N
(d) 450 N
(e) 1600 N




5. A skier is using special frictionless skiis and is traveling along a horizontal region with
a speed of 20 m/s. She then starts up a ski slope as shown. How high up the slope

does she get? :

(a) 35 m
(b) 20 m
“(c) 49 m
(d) 2.0 m
(e) 41m

6. A small compact car is traveling at an initial velocity of 425 m/s. A large truck of
mass 2000 kg and velocity —10 m/s is on a collision course with the car. The car and
the truck collide and lock bumpers. If their final velocity is —3.0 m/s, what is the mass

of the car?

(a) 500 kg
(b) 2000 kg
{c) 800 kg
(d) 930 kg
(e) 640 kg



7. A block of mass m = 0.45 kg is dropped from a height £ = 0.44 m onto a vertical
spring with ¥ = 8 N/m as shown. The spring eventually compresses an amount »
before bringing the biock to a momentary stop. {The block then moves back upwards,)
Find z.

0.44 m
{a) 0.45 m i X
{b) 0.50 m
(¢] 1.4m
(d)} 0.70 m
(e} 23 m

8. A child of mass 25 kg hangs from the center of a clothesline as shown, If the ¢clothesline
makes an angle of 20° with the horizontal, what is the tension in the clotheline?

8] 120 N
b) 250N
720 N
d) 54 N
(e) 360 N

—



9. A system consisting of 25 moles of an ideal gas is initially at a temperature of 360 K. It
is then compressed to half of its initial volume and the temperature incresses to 390 K.
During this compression an amount of work W = 5500 J is done by the system. How
much heat was added fo the system during this process?

(a) =5.5x 10° J
(b) 8.8% 10 J
(c) 55 x 10° J
(d) 1.5x10%J
(e) 9.4 x 10 J

10. A car of mass 1500 kg travels along a circular turn of radius R = 35 m. The road
is (flat) unbanked, and the coefficient of static friction between the tires and road is
is = 0.40. What is the fastest speed that the car can safely travel around the curve?

(a) 19 m/s
(b) 140 m/s
(¢) 12 m/s
(d) 4.3 m/s
(e) 16 m/s



11. A hockey puck of mass 0.22 kg slides along a patch of rough ice. The initial speed of
the puck is 30 m/s. If the puck comes to a stop after traveling 200 m, what is the work
done by friction on the puck? Assume that the ice covered surface is horizontal.

(a) —99J
(b) —d44J
{c) +99 ]
(d) —22J
{e) —30J

12. You are standing on the sidewalk near a hospital when you hear an ambulance ap-
proach. You have & very keen sense of pitch, and notice that the frequency of the siren
changes from 429 Hz when the ambulance is approaching to 375 Hz after it passes you.
What is the speed of the ambulance? The speed of sound in air is 330 m/s.

{a} 11 m/s
(b) 22 m/fs
(¢) 33 m/s
(d) 1.3 m/s
(e} 54 mfs



13. A baseball is hit directly upward starting from very near ground level (y = 0). If it
reaches a maximum height of 45 m, what was the initial speed of the ball?

(a) 22 m/s
(b) 9.2 m/s
(c) T4 m/s
(d) 100 m/s
(e} 30 m/s

14. Which of the graphs below might be the vertical component of the acceleration as a
function of time for a sky-diver who jumps from an airplane? Assume that she opens
her parachute very shortly after exiting the plane. Also assume that “upwards” is the
“positive” direction. Note that you should not ignore air resistance.
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15. A plank of length 9.0 m and mass 45 kg sits at rest on two supports as shown below.
The mass of the plank is distributed uniformly. A child of mass 35 kg also sits on the
plank & distance 3.0 m from the left end. Find the force of the left support on the

plank.

(a) 200 N

(b) 160 N | 90m
(C) 410 N A T -
(d) 2500 N

(e) 350 N

16. An airplane wihg of area 45 m? is designed to have the air flow over the top at 200 m/s
and across the bottom at 170 m/s. What is the lift force on the wing? (e(air) =
1.3 kg/m®, Py = 1.0 x 10° Pa)

(a) 3.2x10°N
(b) 7200 N

(¢) 1.2x10° N
(d) 2.6 x 10 N
(e) 43 x 10° N
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