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Formulas:
= k92 Coulomb's law ; k = =8.99x10°N-m?/C?; o = 8.85x 10712C2 /Nm?

N

Electric field: E=—2 2f=—§1f : E(7)=kfp(r’)43d3 P ﬁ=q0E
4e,r r 7 —7'l

Linear, surface, volume charge density: dg=A dl! , dg=o0da , dg=p dv

Electric field of infinite: line of charge: E = A ; sheet of charge: E = 2
2me,r 2¢,

VxE=0 (electrostatics)

Gauss law: ~ ®= $E-di = Qe -1 [dr p() 5 P=clectric flux
8
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Energy: el no U= > fE(r) dr Work: W=fF°d§
P
Electric potential: ¢(P,)—@(P,) = —fE ds  @(r)= —f d’r' f(r_’) T
-r
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Point charge: ¢@(r) = 4 Dipole: ¢(r,0) = pC0802
dme, r 4me,r
U-Lfpoar B=Vg : V-E-£ . VxE-0
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. Q’ £,A .
Capacitors: Q=C¢ , U = %; Planar: C = ——  Spherical: C =4me R
S
I=fj-d5, =d—Q, j=nqﬁ : divj=—(9—p : Power: P=I’R ; P=¢l
dt ot
2
V=IR; j=0oF; E=pJ ; R= p% co="2L 0(t)=Ce(1-e"); O(t) = Qe
m

e

Lorentz force: F = g(E + 7V x B); force on wire: dF = 1d?x B ; solenoid: B = uonl
Stokes' theorem: Sﬁ F-ds = f (VxF)-dd ; vector potential: V x A = B

Ampere's law: §§°d§=uolem =M0fj'd67 ; §x1§=,u0j; V-B=0
c s

‘uOI é ; Force between wires: F' = M; cyclotron: a):ﬁ

2mr 2mr m
u, =4xx10"kg m/C?

Field of a wire: B =
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Problem 1 (10 pts)

In the circuit in the figure, the two resistors shown have the same value, Rj=R,=R.
Initially the charge in the capacitor C is zero and the switch S is open. Then the switch is
closed, and a current 1A circulates through R; immediately after the switch is closed.

(a) A long time thereafter, how much current will circulate through R,;?

(b) Assume at that time (i.e. a long time after S was closed), S is opened again. How
much current will circulate through R, right after S is opened again?

(c) How long after S is opened again will the power dissipated in R; be ' as large as
immediately after S is opened again? Give your answer in terms of ty=RC.

Problem 2 (10 pts)
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The cylindrical conductor shown in the figure has length 50cm, cross-sectional area
1mm® and is made of Cu, with resistivity 1.7x10™ ohm-meter. The emf £=0.2V. Assume
the other wires in the circuit have zero resistance.

(a) Find the current flowing through the cylinder, in A (amperes).

(b) Find the magnitude of the magnetic field at point P at the surface of the cylinder, in T.
(c) Find the magnitude of the electric field (in N/C) and of the magnetic field (in T) at
point P' on the axis of the cylinder.

Problem 3 (10 pts)

Consider 3 wires with currents I, 2I and 31 respectively arranged 31

along the x, y and z axis of a rectangular coordinate system as 1
shown in the figure. >
(a) Find the magnetic field at a point (x,,y,) in the N / ®(X,.Yo)

Xy plane. You can give your result either in Cartesian

coordinates, B,, B,, B, or in cylindrical coordinates B,, B,, B;. Give also the magnitude of

B.

(b) Find the line integral gSE -ds where C is a rectangle in the (x,y) plane with vertices at
C

points (zx,,+y,).-



