PHYSICS 271
ELECTRICITY AND MAGNETISM

FINAL EXAMINATION
16 December 1999

INSTRUCTIONS: Answer all questions on the answer sheet provided, it will be the only paper

that is collected. This is a closed book exam.

1. Positive charge Q is distributed uniformly throughout an insulating sphere of radius R. The
magnitude of the electric field at a point R/2 from the center is:

Q Q
—_— c
2) dre, R ) 16z¢, R’
0 - 30
b) ——— d) —=
) 87¢&, R’ ) 167¢,R?

2. Positive charge Q is distributed uniformly throughout a non-conducting sphere. The highest
electric potential occurs

a) far from the sphere ¢) halfway between the center and surface

b) at the surface d) at the center

3. For the sphere in problem 2, the highest potential is

a) 9 c) 9
dre R ' 4re, R
30 =30
b) 8¢, R 9 87e,R
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4. A parallel plate capacitor is filled with two dielectrics as shown below. The capacitance is given
by

€0A(K21+K'e2) : 8014 2
C= C =
a) d 2 C) d K¢1+K¢2.
ZeoA(lezj 80141(1 1)
== ¢ £ d = -_—
b) € d K, ,+K,, ) C d 2 K,,+x,2

-

5. In the figure below imagine an ammeter inserted in the branch containing R;. What will it read,
assuming £=5.0V, R)=2.0 £2 R;=4.0 £ and R3=6.0 27 ‘

3 5
—A c) —A4
Y% Y
5 1
b) —A4 d) —4
) 22 ) 11
GI — R .
Rs
| R
—ANVWA
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6. The magnitude of the magnetic field at point P, at the center of the semi-circle shown below is

Mol Mol Mol
3 R 9 4zR ©) 2R
Mol Mol
b 27R 9 2R
C
R

For questions 7-12 a rectangular toroid, whose cross section is shown below, is considered. It has
inner radius a and outer radius b with a thickness 4 with a total of N turns of wire carrying current i.
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7. A toroid with a rectangular cross section carries current i. The magnetic field has its largest
magnitude

a) at the center of the hole
b) just inside the toroid at its inner surface
c) just inside the toroid at its outer surface

d) at any point inside (the field is uniform)

8. The value of the magnitude of the magnetic field at radius » inside the toroid is

a) IUOIN C) :uOINé
h dzh a

b) /‘tOIN d) ,Uoliv
2nr nr

9. The inductance of the toroid is given by

U, N ab
a)L=,u0n2hrz(b2—a2) C)L=#h—
N*h (b
b) L= ﬁl——]n(—) d) none of the above
2 a

10. If the toroid is filled with magnetic material of permeablllty M, its inductance L as compared to
its inductance L, without the material is

1
a) L=pulL, c)L=;L0

b)L=’£—L0 d)LleL0‘

0
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11. The energy density as a function of radial distance r for the unfilled (vacuum) toroid is

.2 ar2 , 2
MHJ°N _ [ u,iNh
b) uy = HolN ln[L) d) u, = (u,in)’
4n h

12. The total energy stored in the magnetic field of the unfilled (vacuum) toroid is

a) U, =i’ Rhr(p* - a*) ¢) U, = (u,in) ha(b* - a*)

b) U, = ~Li? d) none of the above
)

13. A wire with cross sectional area 4 and resistivity p is bent into a circular arc of radius r as

shown below. An additional straight length of this wire, OP, is free to pivot about O and makes
sliding contact with the arc at P. Finally, another straight length of this wire, OQ, completes the
circuit. The entire arrangement is located in a magnetic field of magnitude B directed out of the

plane of the figure. The straight wire OP starts from rest with @ = 0 and has a constant angular

acceleration of a.

* + » @

The resistance of the loop OPQO as a function of @is given by

pré

R
a) ©) =
pr 2pr
b) —(2+6 d) —
) = (2+6) )=
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14. Referring to problem 13 above, the magnetic flux through the loop as a function of @ is

a) O, =}2-Br20 c) &, =rBrf

b) @, = BA d) @, = —;—Bﬂrz

15. Referring to problem 13 above, the induced current, i, in the loop is

ABr

VIR R o

b) i=Rat d)izarzBat

EXTRA CREDIT QUESTION 1 (5 POINTS): Referring to problem 13, for what value of € is
the induced current in the loop a maximum? (Just state the result on the answer sheet.)

16. In a LCR series circuit, which is connected to a source E,, cos(wt) the current lags the voltage
by 45°if

1 1
a)R—-a—)-E—a)L d)R-—a)C——ﬁ
b R-—L C L-——l-—

) "ol ? e) @ T wC
1
c)R—coL—wC
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17-18. A parallel plate capacitor with circular plates is being charged. Determine the induced
magnetic field at various radii r .

Amperian
loop

17. In the region between the plates, » < R, the magnetic field is

1 dE M,

A B=yec kT OB=gr7s
_ Kol _ 1 &
b)B—Zfrr d) B= 2rr dt

18. In the region outside the plates, » > R, the magnetic field is

_‘eoluoR2 daE M,
2) B= 2r dt C)B_SHZR

_ Mol __ 1 &
b)B—ZﬂR d) B= 2z R dt
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19. For the electromagnetic wave pictured below, in which direction is the wave traveling:
a) +x direction c) +y direction e) +z direction

b) -x direction d) -y direction f) -z direction

g) it is a standing wave

20. An electromagnetic wave is travelling in the positive z-direction with its electric field along the
x-axis and its magnetic field along the y-axis, the fields are related by

0 PE_, , B o8 _, , OF
gz oMoy gz coHogy
AE éB OB OE
b) === = d) —=- =
) 5, oty )‘ 5, = Sk,
e)é_Bi—g _@E
oz "% ot

- 1 -~ =
EXTRA CREDIT QUESTION 2 (5 POINTS): The dimensions of S = ;—E x B are:
. 0

a) J/m’ c) Wis e) Jm’

b) J/s d) Wim’
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Physics 271 Electricity and Magnetism
Final Examination: Equation Sheet

4mep | T 4 |3
e _7
+ —o(r')dA’' + —\(r")ds’
[T + [ T2 }

b b
Wab:/F-dé' . AU=Uy—Uy,=—q[ E-ds

_ 9192
47ep|ry — 72|

N
_ %Z.in Z E %9
i=1

i=1 j=1#i 47T€0IT1_TJ|
b
AV=Vb—Va=—/E-d§ . AU =gAV
Fo-vv ; v@=-+1 , y-ZLT
4meg T 4megrs
1 14° 1 =
frs V = - 2:—— . e 2
C
ne.=_—c—0 ; Ke =€/eo =1+ xEg
opAA=P.AA
ﬁ:eroE:(ne—l)eoE ; D =eFE + P =k.6FE

wll
=,
-
f
o
=
S
]
Q.
<



i = % ; j=Ngqug ; i = Sf- dA (16)
/V%tde+}i]'-d/f:0 (17)

j:aE’ ; V =1iR ; R:p—j- (18)
P=iV P:izR:-‘g (19)

Kirchhoff’s First Rule: At any junction, the sum of the currents leaving the junction
equals the sum of the currents entering the junction.

Kirchhoff’s Second Rule: The algebraic sum of the changes in potential encountered
in a complete traversal of any closed circuit is zero.

Parallel Resistors: Rlcq =N 7217- Series Resistors: R, = SV | R;
Series Capacitors: clcq =N cl, ' Parallel Capacitors: C,, = YN, C;
F=q(E+oxB) fgé-d/i‘zo - (20)
dF =id§x B F=iLxB (21)
ji=Nidn F=gxB ; U=-ji-B (22)
5 o id§ X T . 5 _ Mo [ 1dSX T
4B = 47 73 ' b= 4 /c' 73 (23)
- , ddp
B.ds= : E=-_"5
i s Holenclosed 3 di (24)

@B:/SB'.dA' : S:fCE'-dgz—— B-dA  (25)



. . o1 = »
=Mxn : H=—(B- M
JMsS ﬂo( Ho )
M :XMﬁ ) E :.u'ﬁ ’ CH ds —iconductxon
gL Ldt 3 L= i y UB-— 2L’L —E'I,d)B
1. = 1 -
up==B-H ; Up==| B-HdV
2 2Jv
ELI the ICE man ; Xi=wl : Xo———
wC
. Sm 2
im = ; Z=\/R2+(XL—XC) ; tan¢ =
= 9 = . R
P=1i_ R ; P = £instims COS @ : cos¢ = 7
fﬁd§%+i/ﬁdl
c 7 dtUs
Maxwell’s Equations In Vacuum
fE‘-dfT _ 1
S €0
]{B'-d“ =0
7 d
fﬁd*:——/édl
c dt Js q
fﬁ-dé’ = uoi+eo,uo—/E"-dff
c dt Js
. - 1
S=ExH ; I=8 ; I = —F 1¢Bims

X, - Xo

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)



