Physics 121
Exam #2

February 23, 2018

Name

Please read and follow these instructions carefully:

Read all problems carefully before attempting to solve them.

Your work must be legible, and the organization clear.

You must show all work, including correct vector notation.

You will not receive full credit for correct answers without adequate explanations.

You will not receive full credit if incorrect work or explanations are mixed in with
correct work. So erase or cross out anything you don’t want graded.

Make explanations complete but brief. Do not write a lot of prose.

Include diagrams.

Show what goes into a calculation, not just the final number. For example

1= mif|= (5ke) x (22) = 1052

Give standard SI units with your results unless specifically asked for a certain unit.
Unless specifically asked to derive a result, you may start with the formulas given on the
formula sheet including equations corresponding to the fundamental concepts.

Go for partial credit. If you cannot do some portion of a problem, invent a symbol and/or
value for the quantity you can’t calculate (explain that you are doing this), and use it to
do the rest of the problem.

All multiple-choice question are worth 3 points and each free-response part is worth 7
points

Problem #1 /24
Problem #2 /24
Problem #3 124

Total /72

1 affirm that I have carried out my academic endeavors with full academic honesty.




1. Consider the following circuit in which an ideal battery ¥ =10V is connected to a network of
resistors, each of which has a resistance of R =100Q2.
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a. What is the total current produced by the battery?

1 1 1 2 R
R and R arein parallel, —=—+—=—— R,=—.
, R R R 2
) . R 5R
R, R and R arein series, R, =R +R_+R = R+5+ R=—.
1 1 1 1 1 1 2 5R
R,, R and R, areinparallel, ——=—+—+—=—+—+—— R =7
wses s Ry Rige R R SR 12
) ) SR 29R
Rl , R2 and ]3345678 are in series, lesm = Req = R1 + R2 + R345678 =R+R+ E = ? .

1
The total current: [wml = L = % = ”L =0.04144=41.4mA
R, 2 2(100Q)

eq

b. What is the power dissipated across the resistor R, ?

V—V,~V, -V, =0

=V, =V-V, =V, =V- L,.(R+R)=10V-0.04144(200Q)=1.72V

345678

P = V_42 — 1/3315678 — (1‘72V)2

‘"R, R 100Q

4

=0.0297W =29.TmW



c. Consider the graph below that shows the potential difference across a resistor versus the current
through the resistor, which is constructed out of an unknown material. The resistor is made from
a 100m long wire with 1mm diameter and if a current 39mA of flows through the wire, what is
the drift velocity of the charge carriers in the wire? The data in the table on the right may be

useful.
14 Element p (x10°Qm) | n(x10¥m™)
y=12.3x
12 Ag 1.62 5.86
s’ Cu 1.69 847
§ 0.8
£ Au 2.35 5.90
-'_.;3 06
g Al 275 6.02
0.4
W 5.25 6.32
0.2
0+ Fe 9.68 8.41
0 0.02 0.04 0.06 0.08 0.1 0.12
Current (A)

R4 12.3Q><n'><(0.5><10’3m)2

=9.7x107°Qm — Fe
A L 100m

~ 39%107 4
ned g 41x10%m>x1.6x 10“9C><7r><(0.5>< 10‘3m)2

I=nedv, > v, = =3.7X10_6%=3.7%

d. Which of the following would give the magnitude of the electric field in the wire when connected
to a battery of potential V' ?

1. E=pJ

2 E=2
L

3. E=pnev,

All of the above.
5. None of the above.



The Earth’s atmosphere is able to act as a capacitor, with one plate the ground and the other plate the
clouds and in between the plates an air gap. Air, however, is not a perfect insulator and can be made

to conduct, so that the separation of charges from the cloud to ground can be bridged. Such an event

is called a lightning strike. Suppose that a uniform layer of clouds exits around the surface of the

Earth at a distance of s = 5000 and that a potential difference of AV =5.5x 10’V exists between
the clouds and the ground everywhere.

a.

Suppose that the resistance of the air between the clouds and the ground is R = 300€2, what are
the time constant for the Earth-cloud system and how much charge is on each one of the “plates”

in the system? (Hint: The surface area of a sphere is 4777 and R.,,=64X% 10°m )

arth

-2 ¢ 6\
4 B85X107C{dn(64x10%m) )

s 5000m
7=RC=300Qx091F =2733s

0=CV=091Fx55x10°V=4.55%x10°C

C =091F

How long would it take to discharge the Earth-cloud system to approximately 0.1% of its initial
charge?

0(1)=0.0010,,,, = Ope ** = In(0.001) =~ L /—1888s

3.3s



c. Ifeach lightning strike transfers approximately 25C worth of charge, about how many lightning
strikes occur around the earth in one day? (Hint: Assume that as soon as the Earth-cloud system
discharges to 0.1% of its initial charge, the Earth-cloud system instantaneously recharges to the
charge in part a.)

S « #discharges _ 45 g discharges

# discharges — 8 6 400 T
day 1888s

day

and every discharge corresponds to # 3 = 4 55 x 10 —C x Ligike — 182 ()() tlkes

discharge strike discharge *

Therefore the number in one day is approximately:
# strikes — 45 8 discharges X 18200 stikes 83 X 105 strikes

day day discharge day

d. The 3002 resistance of the air corresponds to a very humid day. Suppose that on a less humid
day the resistance of the air is higher than that on a humid day, which of the following would
cur assuming everything else remains the same?
@ The number of lightning strikes would increase.
2. The number of lightning strikes would remain the same.
3. The number of lightning strikes would decrease.
4. How the number changes would not be able to be determined with the information given.



A mass spectrometer is an analytical instrument used to identify the various molecules in a sample by

measuring their charge-to-mass ratio % . The sample is ionized and

the positive ions are accelerated through a potential difference AV, e Ay =

and then enter a region of uniform magnetic field. The magnetic e

filed bends the ions in to circular trajectories, but after just half a E

circle they either strike the wall or pass through a small opening to a i
.

detector. As the accelerating voltage is slowly increased, different
ions reach the detector and are measured. Consider the mass
spectrometer shown below with a magnetic field B =200mT and a

d = 8.00cm spacing between the entrance and exit holes. -
Detector

a. What accelerating potential difference is required to detect Element Atomic mass
CO" ions? Some atomic masses are shown in the table on (amu)
the right.

C 12.000
N 14.003
0 15.995
my gRB edB
F =qv B:—L%V =
P R ' m 2m
2
m m | edB ed’B?
2e 2e\ 2m 8m

ed’B 1.6x107°Cx(0.08m)" x(200x10°T)

= 1102V
8m 8(27.995u x LO0A0g kg)

SAV =

b. Suppose that you wanted to see IV, ions rather than the CO™ ions. N, has nominally the same

mass as a CO" ion but because of small but measurable differences in the accelerating voltages
the two ion species are easily separable. To see the N 2+ ions the acceleration voltage needed
would

@ need to decrease from the value used for the CO" ions.
2. remain unchanged from the value used for the CO" ions.

3. need to increase from the value used for the CO" ions.
4. be unable to be determined from the information given in the problem.



Suppose that instead of the mass spectrometer setup you had a uniform

magnetic field that points along the z-axis with a value of ‘B| =30mT .
An electron enters the magnetic filed with a speed ‘\7‘ =5x10° “ atan

angle 30° above the x-y plane as shown in the figure on the right.
What is the radius of the circular orbit about the magnetic field line and
the distance between the windings of the helix, called the pitch, p ?

2 - o
F—qv B= mvi o _mv, _9.11x10 kg x5x10° 25in 60
R

— ——=822x10"'m
eB 1.6x107°Cx30x10°T

27t R 2rR 2 22x107
vz%%pzv”Tzvl( /4 ]:(vcosd)jzﬂR: TR 2rx8.22x10 M _ 5 9%% 10> m

! v, vsing tang tan 60

Suppose instead of electrons in an external field you had the following setup in which a wire of

is held between the poles of a magnet in the plane of the

constant linear mass density A =
length

page. The magnets are both circular with radius ». If an ideal battery provided the current in the
circuit, what is the initial acceleration of the wire?

_nB_VB
mR AR

B

\F|=1LB:%rB:ma—>\a|

direction by the RHR is into the page.



Physics 121 Equation Sheet

Electric Forces, Fields and Potentials
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Constants
g=9.8%4 1leV=16x10"J
le=16x10"°C 1, =4rx107 2

k:%:9><10°”('—"f c=3x10°2

TE

o

£,=885%x10™"" <
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h=6.63x10"*Js

=9 11107k = 05 LLMY
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