Physics 208 Exam 2 Name Oojution

You are graded on your work, with partial credit. (Be sure to include the proper units in each answer.)
The answer by itself is not enough, and you receive credit only for your work.

Please be clear and well-organized, so that we can easily follow each step of your work.

See the last page of the exam for the formula sheets.

1. An electron at point A in the figure has speed v, . The magnetic field has

an unknown direction and unknown magnitude B. The mass and charge of
the electron are m and —e. The radius of the semicircular path of the
electron is R=5.0 cm.

(a) (2) What is the magnitude of the force F on the electron, in terms of
e,vy,and B?

-

B
Answer: F =€ 2 K—10.0 cm—)

(b) (2) At point A, what is the direction of the force on the electron? (up, down, right, left, into paper, out of
paper?) ]
Answer: direction of force at Ais _£e vigh¥

(c) (2) What is the direction of the magnetic field? (up, down, right, left, into paper, out of paper?)

Answer: direction of magnetic fieldis inte paper ‘l
JTothev vevsion : out of papey
(d) (6) Set the centripetal force, in terms of nt, v, and R, equal to the magnetic force, in terms of e, v, and
B . Then obtain the magnitude B of the magnetic field, in terms of m, vy,R, and e.

(e) (4) Now suppose that the speed v, of the electron is 2.0 X 10® m/s. Calculate the magnitude of the
magnetic field B that will cause the electron to follow the semicircular path shown in the figure.

" B_zgx,g”’—,— /5=i‘?.llxzo"j‘)(-z.ox;og?
NSwWer. = . (I' G'D - ID_“?J - 05_0)
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(f) (4) Calculate the time (in seconds) required for the electron to move from A to B. 5
: -1 _]2®R _ (w)lp.65] _ "
Answer: time= /<1 % 10 5 E ] i 2.0xi0F = {LTK e <=
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2. The plane of a 5 cm x 12 cm rectangular loop of wire is parallel to a 0.15 T magnetic field. The loop carries
a current of 4.0 A.

(a) (5) Calculate the magnitude of the magnetic moment of the loop.

2,
Answer: magnitude of magnetic moment = &« © 2 # HA-m
-3 o
A= (0.65)(6.12) = £.0 %10 m
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Jother vession? 5,096 A-m> ) o

(b) (5) Calculate the magnitude of the torque on the loop.
s 22
Answer: magnitude of torque = 3.ex 10 v o o2
T Ax B> T=juB sints =ub= (0.024)(0 5= 36210 Nom

e .
Jother Versioh: Z.4 X 10 Nem Y

A o A
(-/fa check wunits+ F=gv0@ = | T = IC-V’ = ﬁ}\);,l

= (/qrﬂz)(T) = {.F}rmlz-)(ﬂ-m) = N m
but qou are allowed €¢o aAssume ST uni€s are akf)

(c) (5) Because of the torque, the loop now rotates to a position where its plane is perpendicular to the magnetic
field. Calculate the change in its energy U. (U is the usual energy of a magnetic moment in a magnetic field.)
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Answer: change in magnetic energy =
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(d) (5) Where has the lost magnetic energy gone? According to conservation of energy it cannot just disappear. /
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Switch

[
3. In the drawing, ¢ =0 at time t =0, where g is the charge +|: closed
on the capacitor. Then the switch is closed (at t =0), and the L e i e
charge begins to build up. Aaran e, i iidtes

5 . { 3 . on the capacitor
(2) (10) Write down the differential equation for the time- SiBTeREES e

i +g —q time while the
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(b) (10) You will find the solution for g(t) on the formula sheet for Exam 2. Substitute this solution into the

differential equation of part (a). In a clear, detailed, and well-organized set of steps, show that this solution
satisfies both the differential equation and the initial condition for q(r) . + )
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currents a5  Ted wish,

1 ohm + 2 ohms
4. For the circuit shown in the figure, there are 3 unknown [ ] VYVVVV i MWW
currents, called I, I', and I". ~/ 20 volts
P 1 ohm 2 ohms
(a) (10) Write down 3 independent equations that can be B > MWWy WWW—1 ®
solved to find these 3 unknown currents. To save time,
you can leave off the units. For example, you can write 1’ 1 ohm 2 ohms
just 20 instead of 20 volts (or 20 V), and you can write —__\/WV\/\/——[ — MWWV
just 2 instead of 2 ohms (or 2 Q). 10 valts
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lower leep t 10 = (142) T/ — (1+2)1" =0 (3)

IZIhd‘f)’]ET way |5 Zo use [7/5' jé&}’ &£ I other /00!.7 ]
(b) (10) Solve these 3 equations to find the values of 7, I', and I".
| O

Answers: [ = 3 A . I'= 0

/
, "= 3 A

one Wi i /
20—31_31”=o (z) itk T%= THEL (1)
jo —31I' 3 T%= B [8)

(2)— (2): 10 3(I+I’)—O :ﬁ /

._H

“Then (2)t 26- 3T - (“’) 6 = 31 = 20-10 =/0

e /10
= [T = =

I - 3 .
Then (3)7/o-31"-3 (z)=0 = 31’= jo-j6=0
>[x=c]

' . jo
Icheck . ] hs 42 = ;D




5. The inner cylinder of a long, cylindrical capacitor has radius r, and H'\\ [ el =N
linear charge density +A4 . It is surrounded by a coaxial cylindrical ‘ T
conducting shell with inner radius 7, and linear charge density —A4.
(See the figure.) In doing this problem, you may assume the result

1 2
E= — . Ty Er<E
2re, r

for the electric field. (This follows from Gauss’s law, as we showed.)

(a) (4) Calculate the energy density in the region between the conductors at a distance r from the axis, in terms

of g, r,and A. | )
. z
4(:—215915 = (5§, (24‘6 i

(b) (6) Integrate the energy density calculated in part (a) over the volume between the conductors, in a length L
of the capacitor, to obtain the total electric-field energy per unit length U/L.
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(c) (6) Using the fact that V, -V, = —Ir: E-dr , calculate this potential difference and then the capacitance per

unit length C /L of this cylindrical capacitor intermsof 7, 1, , and &,.
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(d) (4) We derived the expression U = 5 for the potential energy stored in a capacitor with capacitance C

holding a charge (. Using this expression and the result of part (c) forC, calculate U / L again. Does your
result agree with that obtained in part (b)?
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6. (5 points extra credit) Describe 5 distinct applications of capacitors. (We mentioned 8 in class.)

@) enevgy storage For electronic Flashes on cameras

(i) yarious yoles in efectronic circuits

. . o vers
(i) “Zuvers in vyadio and TV vece:

(iv) —fguchicreens in, e. 9., )}7170116'

&) sensors For audlomobile airbags

c L5, [ﬁut’omébﬂe £urn 5 gn-e/SJ hear< Fgc&mqkerj /
high enevsy pulsed Jasevs, .- __\
7. (5 points extra credit) You are given a sample of natural gas, and are asked to determine its composition. That
is, you are supposed to perform an experiment to learn what percentage you have of each kind of molecule. You

can singly-ionize each molecule, so that you have CHY , CZHE, H;, etc.. You can then subject these ionized
molecules to an electric field and a magnetic field.

How can you use these two fields to determine the mass of each molecule (and thus its chemical identity)?

In other words, explain clearly and in detail how a mass spectrometer works, using a drawing and the relevant
equations.
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