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1999 Physics C Solutions
E & M 1 (15 points)
(a) 4 points

For using the relationship between potential and charge

pole
r. 47e, r
Solving for O:
O = 4me Vr

For correct substitutions for the potential and radius

0, = 47€,(=2000 V)0.20m) or  (=2000 V)0.20 m)/( 9 x 10° N-m?/C* )
Q, = -16007e,C or -44x10"C

For the correct magnitude of O,

For the negative sign
(b) 5 points
i. For indicating that the electric field is zero

ii. The charge on the sphere can be treated as a point charge at its center

S T2

£ 4me, r*

- ay44 %107 C

£ =(9x10° N-m’/C* )(——r}—-]

E= ’;9.{'1 N or @E where r is in meters
r ( i

For any of the above expressions for E
iii. For indicating that the electric field is zero
iv. For indicating that the electric field is zero

For having all four answers correct OR for some mention of using the enclosed
charge OR for some mention of Gauss' law
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1 point
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Distribution

of points
E & M 1 (continued)
(c) 3 points
]
AV =V, -V,=-[Edr
For recognition of the need to take the difference of the potentials at radii @ and b,
or for writing the definite integral (with limits) 1 point
b
[ dr
|av| = a7e, J- ¥
a
- )]
dme, \rj|,
O, (1_1
=g s =2
For correct substitution of variables or numerical values for ¢, a, and b 1 point
For the correct answer 1 point
50,
|AF] = S7e, or 1000V
(Alternate solution) {Alternate points)
For recognition of the need to take the difference of the potentials at radii @ and b 1 point
AV =V, -V,
e A 1 Oy 1
o = gt (1) 76 (%)
For correct substitution of &, @, and & I point
G ( el )
¥ = - —
- dre, \b  a
For the correct answer 1 point
50,
|A¥| = Tre, or 1000V
(Alternate solution) {Alternate points)
R
==
=
For using the above relationship 1 point
For substituting O, from part (a) and C from part (d) alternate solution 1 point
For the correct answer 1 point

50,

|av} = 8me,

or 1000V

1999 Physics C Solutions
E & M 1 (continued)

(d) 2 points

Ao

For using the above relationship
For substituting O, from part (a) and AV from part (c)

C- 44%10%° C
1000 V
C=44x10"F

(Alternate solution)
For writing the equation for the capacitance of the spherical capacitor
4me ab
= bn

(0.02 m)}0.04 m)
(9 % 10° N'm*/C* ¥0.04 m — 0.02 m)
For the correct answer
C=44x10"F

C=

For correct units on two answers and no incorrect units
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E & M 2 (15 points)

(a)

(b

—

(c)

5 points

For using Faraday's law for a loop

dg Ag
E=—— o E&=-—
dt ¥ At

For relating magnetic flux to magnetic field and area
dé_,dB . b4_ 4B

dt dt At At
For using the proper expression for the area of a loop

A=nr?

5 . AB
¢£‘=;r1~‘ia‘i ar £=:{r'b—
dt

For using the correct radius, i.¢. the radius of the field
&=r(0.6m) (040 T/s)

For computing the correct answer
E=045V

3 points

For any statement of Ohm's law

V=IR
Solving for the current:
I=V/R=E/R

1=(045V)/(509)

For computing the correct answer

=009 A

For indicating a clockwise direction for the current

3 points

For relating the energy dissipated to the power in the resistor

E= IP dt or E=Pt
For an expression for electric power
P=I’R or 5 or IV
R
Example using P = I'R:
E=IRi
E=(0.090A) (5.0 Q)(15s)

For computing the correct answer
E=061]
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1999 Physics C Solutions
E & M 2 (continued)
(d) 3 points
For stating that the brightness of the bulb will be less
For indicating that the reduction in brightness is due to a decrease in
current or a decrease in the emf

For indicating that the decrease in current or emf, or the reduction in brightness,
is due to a decrease in the area of the loop or a decrease in the changing flux

For using correct units with three numerical answers
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E & M 3 (15 points)

(a) 3 points

(b)

The charge on any section of the ring is equidistant from a point on the x-axis,

so one can write an equation in terms of the single distance r
For a correct expression of the potential
1 dg Pt
= == o

4mE, r 4me, r
For a correct expression for the distance of the charge from location x

r=vx’+ R
For the correct answer
1 o

dme, Jx* + R

Alternate solution
For correctly expressing the potential as an integral of the electric field

av =-[E dr
For a correct expression for the field
av = Ox

1 ¢
_.[ aze, (x* 4 )" 5
For correctly integrating to get the final answer
]

are, Jx' 4+ R°

. 3 points

dv
e
For using the above relationship
For taking the derivative with respect to x

For using the expression for I obtained in part (a)

¥ i o
T duldmey R ERE
1 Ox
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1999 Physics C Solutions
E & M 3 (continued)

(b) (continued)

i. (continued)

Alternate solution

Calculating the field by integration:
E :JdE, = IdE(mB , where @ is the angle between the x-axis and
the distance vector r

For using the horizontal component of the field
For using a correct expression of Coulomb’s law

aginn ety
5 4559 i'z
For indicating that the integral is over the charge
= 1 _dg
E; = —4:&_50 r—zl:ﬂs 2]
Substituting cosd =x/r and r=+vx* + R
4]
1 o
S e e
x 4FT€D (.\:z +R2)v: .‘! q
1 Ox

ii. 1 point

For any indication that the y- and z-components are Zero or cancel
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E & M 3 (continued)

()

i. 2 points
For taking the derivative of E with respect to x and sciiing it equal to zero
dE, _d [ 1 Ox

T & |Ane, (x4 BT

dc
o

1 . (_ 2) i
4re, (x* + R‘}ii 2 (x* + R’}"n g
1 L el
(F+R )m (x*+ R }#2
1 o 3t
@E+R)  (2+R)
o 3x?
P+ R
3 =x*+R

99
I_:tﬁ

For the correct answer

and the maximum occurs at the positive value of x

x=+i

V2

ii. 1 point

For substituting the answer from part (c)i into the given expression for
the electric field

23 el Q(RIV2)
R e ((R{ma +R1)m

e
Fmax T Amey 3J3R?
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of points
E & M 3 (continued)
(d) 3 points
El
-2R =R R 2R i

For a curve in the first quadrant displaying a single positive maximum 1 point

For a curve passing through the origin 1 point

For the negative reflection of the first quadrant curve in the third quadrant 1 point
(e) 2 points

For any statement that describes the subsequent motion as oscillating, periodic etc. 2 points

One point was awarded for a statement that only described the electron as moving toward

the ring or along the x-axis.



