PHYS102 Final Exam 1

1. Let two long parallel wires, a distance 2d apart, carry equal currents
I in the opposite direction. One wire is at (x = —d,y = 0) and the
other wire is at (x = d,y = 0).
[12 Pts.] (a) Find the magnetic field B on the x-axis.

[13 Pts.] (b) Find the magnetic field B on the y-axis. _d +d
a) Ampere’s law § B-dl = pol = |B| = 4!
= MOI 1 1 A y
— —d: B=— —
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All equal to B = 4ol (L - L) j=tol_d (3

b) Br = By + By = | B|j = 2|B)|cos0 ]

where cosf = d
/d2+y2
Do pol ) _pol 4
‘Bl‘ = (@) = BT(y) = (d2+y2)‘]

Checking (z,y) = (0,0):  Bp(0) = &l
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2. Consider the circuit with two capacitors of capacitance C' and inductor with inductance L,
shown in the figure. Initially, the switch S is open and one of the capacitors is charged with
total charge (Qy and the other one is uncharged. At time ¢t = 0 the switch S in the circuit is

closed.
[8 Pts.] (a) What is the oscillation frequency of the current in the e
circuit? s
—l Qi 1
[8 Pts.] (b) What is the maximum current in the circuit? c c |
[9 Pts.] (c) At which time(s) is the energy stored in the inductor L
maximum? (O

A (t) +@(t)=Qo, Ver=%, Veo=% and i(t)=-% =%

dt dt
, i(t)
di d“qo - ‘ |
Vi+Vor—Vee =0, Vp=L—=L—2 : -
L+ Ve C2 P L dt dt2 (/21— —
P g e
L——-=+4+>==0
2 L >
dt C QC ! (B
d*“qo "

1
o E(Qo —2q2)

Let ¢ = Qo — 2¢2

d%q 2
a1t
q=Acos(wt) + Bsin(wt) and w= /7
Att=0 q2 =0, Then A = —Qq
i(t) = dgf = S0 gin(wt) + B2 cos(wt) ,at t =0 i =0, then B=0
N Qow _ 1 [2 _ 1
= i(t) = =5 sin(wt) , and f=5=51\/T6 NeroiTel
b)

L _Qw_ @ [2 Qo
max 2 2 VLC 2ILC

C)UC:%LI2, UmaX:%Lngﬂ at tz:l:(n—{—%)g:j:(n—i—%)m/%, n=0,1,2,...

—a1(t)
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3. In a circular region with radius a, there is a uniform magnetic field B

pointing into the page. An zy coordinate system has its origin at the y
circular region’s center. A free positive point charge +Q = 1.0 uC is - T~
initially at rest at a position x = +10 cm on the x axis. v x| % x
[13 Pts.] (a) If the magnitude of the magnetic field is now decreased at a rate of A xBx | X x s
—0.10 T/s , what force will act on +@Q (magnitude and direction)? {/ i i i 0 ><1.10 |
x=+10cm
[12 Pts.] (b) If the magnetic field magnitude is given as B(t) = By — at, what is %o . 2’1
the magnitude of the Poynting vector at point (0,a) at time ¢. Draw \\\i z i i/

the Poynting vector at that point. (Ignore the electric field created
by the point charge Q.)

L ddp ,.dB rdB
E.-dl'= E2nr) = ——8 — _ &~ E—=_—_"2
7{ dt = E(2mr) dt (") - 2 dt
o o QrdB ~
Q 5 5(—7)n

b) =
L1 - - S
S=—F x B, E:—gdeZfaa A
= 1 rac- N ao . . A=
= — (—ix(By—at)(—k)) = —(By — at)(i x —k / N\
§= o (G0 x (Bo—at)(-h)) = 5 =(By — at)(i x k)
[—— (By — at)y N~
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4. A thin insulating ring of radius R lies in the xy—plane with its
center at the origin. The ring carries a total charge ), distributed
uniformly along its circumference.

[8 Pts.] (a) Find the electric field at a point located on the z—axis at
height zy above the center of the ring. <@

F\ ~\\
[8 Pts.] (b) Suppose the ring rotates about the z—axis with constant R "~ _\

® 20

angular velocity w. Determine the net electric current pro-
duced by this rotation. Q

[9 Pts.] (c) Find the magnitude of the magnetic field at the same point
on the z—axis as in part (a).
a)

Q 1 ; A

== F(0,0,2) = E(2)k
dV Q —z
E = —— = —
(2) dz dmeg (22 + R2)3/2
Qzo i

4rreg (22 + R2)3/2

(a) V(z)

E(z) =

b)One period is

¢)B(0,0,2) = B(z)k by symmetry

pol  |di]

25| = ol __ldl__
|45 A (R2 + 22)’

— — = R
dl| = Rd and dB, = |dB|sinf = |dB|————

B IMLI RQ /27r B MOIRQ
T dAm (R +22)3/2 )
= pQwR?
= B(Zo) = a5
4 (R? 4 23)3/2




