PHYSICS 271
ELECTRICITY AND MAGNETISM

FINAL EXAMINATION
14 December 2000

INSTRUCTIONS: Answer all questions on the answer sheet provided, it will be the only paper
that is collected. Thisisa closed book exam.

1. Positive charge Q is distributed throughout an insulating sphere of radius R according to the

chargedensity r = %3% The magnitude of the electric field at a point R/2 from the center is.
JE=— 2 ) E = e
al 0 0
e,.c- R+
4p 082
b) E = Q . d) E:Lz
8e, R 64pe, R

2. For the sphere in problem 1, the electric potential has the highest value

aV-= Q oV= Q
dpe,R pe,R

b) V = Q d) V= Q
Pe,R 12pe,R

3. A dielectric dab of thickness b isinserted between the plates of a parallel plate capacitor of plate
separation d. The capacitance is given by

_ k.e,A _ k.e,A
a)C_ked+b(ke-1) ©C k.d- bk, - 1)
_ k.e,A _ k.e,A
b)C_keb+d(ke-1) 9 C k.b- d(k,- 1)
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4. In the figure below imagine an ammeter inserted in the branch containing Rs. What will it read,
assuming E =5.0V, Ri=2.0 W, R,=4.0 W, and R;=6.0 W ?

a) 3 A C) 1 A

22 11
b) = A a2 A

22 11

E[ _--_ Rﬁ
R
"
AW

5-6. Consider the circuit drawn below. The curved segments are arcs of circles of radii a and b.
The straight segments are along the radii. Assume current i flows in the circuit.

5. Thedirection of the magnetic field at P is
a) B points up c) B pointsto the right €) B pointsinto the page

b) B points down d) B pointsto the left f) B points out of the page g) B=0

6. The magnitude of the magnetic field at P is

g= o1, 10 B =0, since P is outside the|
a) = Zga b5 ¢) B=0, since P isoutside the loop
m,. & 10 m,i
b) B=—2i — - —= d) B=+ 0 .
)P & a0 ) B @ 0)+q (a+b)
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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 h with atotal of N turns of wire carrying current i,

7. A toroid with arectangular cross section carries current i. The magnetic field has its largest
magnitude

a) just insde the toroid at itsinner surface C) just inside the toroid at its outer surface

b) at the center of the hole d) at any point inside (the field is uniform)

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

a) m,iN 0 m,iN b
h 4 h a

b) moli\l d) m,iN
pr 2pr

9. The inductance of the toroid is given by

_ 2 2 2 _ My N®h @9
aL=mgn hp(b -a) c)L——2p Ingaéj
_m, N*ab
b) L_—Zp h d) none of the above
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10. If the toroid is filled with magnetic material of permeability m, itsinductance L as compared to
its inductance Lo without the material is

1
aL=nmlL, c)L:EL0
n
b)L:m—OL0 dL=c, L,

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

iZN?2 aan iNho
8) uy =l = O Uy =go 2
8 “r & g

mO|N &0 . \2

b) ug = ™ Ingﬁg d) ug = (m,in)

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

a U, =i?Rip(b? - a?) 0) U, = (m,in)?hp (b - a?)

b)U, = Lo d) none of the above
52

13. A rod with length L and resistance R moves along horizontal parallel conducting rails of
negligible resistance at constant speed v, as shown below. The magnetic field B in which the rod
moves is not uniform but is provided by a current i in along parallel wire.
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13. The current | in the conducting loop is

myiv L mgyivL

al= - ol= e) I=E/R
2pRga L1u PR a
2 H
_myiv _mgiv Lo
b)|_2IDR d)"m'”?*a,;,

14. Referring to problem 13 above, the force F that must be applied to the rod by an external agent
in order to maintain its motion is given by

2 1
. .2 . -~
a)F:E C)F:aemo|£gx e)|::9m0' . L :X
y €2 ap R C2p & 1,07 R
&2,
L am, i o
OOV d) F :g 9V
e a%R gR

15. In acertain RLC circuit, operating at 60 Hz, the maximum voltage across the inductor is twice
the maximum voltage across the resistor, while the maximum voltage across the capacitor is the
same as the maximum voltage across the resistor. By what phase angle does the current lag the
generator emf?

af=0° c) f =45° e) f =90°

b) f =30° d) f =60°
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16-17. A pardlel plate capacitor with circular plates is being charged. Determine the induced
magnetic field at variousradii r .

Ampérian
loop

16. In the region between the plates, r £ R, the magnetic field is

1 dE i
a)B—zeOmOrdt C)B_szr

oy _ 1 de
b)B_Zpr d)B_-Zpr dt

17. Intheregion outside the plates, r 3 R, the magnetic field is

_e,mR* dE L
B & OB 2R

LY _ 1 dE
b)B‘sz d)B"sz dt
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18. For the electromagnetic wave pictured below, in which direction is the wave traveling:
a) +x direction c) +y direction €) +zdirection

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

) it isastanding wave

19. 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

R L ) 15 =e,m, 1t & 1o =e,m =
1z 1t 1z X 1z Mt
b) E:eomoE d) 18._. omoE
1z fx 1z 1t
. . = 1 -,
20. The dimension of S:m—E B is:
a) J/n? c) Win? e Jm’

b) J/s d) Wis
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