G.R. Ramirez-San Juan General Physics I1I: Electromagnetism, Fall 2024

Exercise sheet #8

Problem 1. We have 5 - 10'6 doubly charged positive ions per m?, all moving west with a speed of
10° m/s. In the same region there are 10'7 electrons per m® moving northeast with a speed of 10° m/s.
(Don’t ask how we managed it!) What are the magnitude and direction of J ?

Solution: The current density is given by J = ¢Nu. So the magnitudes of the two J ’s are

Jion = (2€)Nion tion = (2-1.6-1071C) (5- 10" m™) (10° m/s) = 1.6 - 103%

Jo = eNete = (1.6 -10717C) (10'" m™?) (10° m/s) = 1.6 - 104%

Jion points west, and J. points southwest due to the negative charge of the electron; see Fig. below.
The components of the total current density J are therefore

1.6 -10%\ A A
Jwest = Jion J 1.6-10% + 1.6- 107 — =129-10"—,
T V2 ) m? m?

Joouth = \J[ =1.13- 104;?

Since tan=1(1.13/1.29) = 41.2°, we see that J points in a direction 41.2° south of west. The
magnitude of J is v/1.292 + 1.132- 10* A/m? = 1.71 - 10* A/m?.
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Problem 2. What is the potential difference between points @ and b in the circuit shown in the figure
below?

Figure 1: Caption

Solution: With the loop currents shown in the figure below the three clockwise loop equations are
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0=6-LR-E—-(IL—1)R
0=6—LR—(Ia—I3)R—(Is—LL)R
0=—-E—-(I3— )R- I3R
These equations simplify to
0=-2L1+ 1
0=E/R—-3+ I3+ 1,
0=-E/R-2I3+ 1,

The third equation plus twice the second gets rid of the I3 terms: 0 = £/R — 51+ 2I;. Adding this
to the first equation then gives 0 = £/R— 4I5. So I, = £/4R, from which we quickly obtain I = £/8R
and Is = —3€/8R. The potential difference between points a and b is then

Vy— Vo= (I — I3) R = (£/AR — (—3&/SR))R = 58

This is positive, so b is at the higher potential. This makes sense by looking at the orientation of
all the batteries. O

Problem 3. Find the current I in the circuit shown below:
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Solution: The equivalent resistance, R

40

s

is R%q = (% + % + %6 + %6) 0! = %Q’l; therefore, Réq = 2{). This is in series with the 1€} resistor.

Hence, qu = Réq + 1Q = 3Q. Now, qu is in parallel with the 3Q resistance, — = (% + %) QL

9 qu
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therefore, R, = 1.5Q The total equivalent resistance of the circuit is Req = (1.5 4+ 1) = 2.5Q From
Ohm’slaw,V:IR,WegetI:RLeq:%:8A. O

Problem 4. A regular tetrahedron is a pyramid with a triangular base. Six R = 10.0{2 resistors are
placed along its six edges, with junctions at its four vertices, as shown in the figure below. A 12.0-V
battery is connected to any two of the vertices. Find (i) the equivalent resistance of the tetrahedron
between these vertices and (ii) the current in the battery.

Solution. Solution: (i) First let us flatten the circuit on a 2-D plane as shown on the left in the figure
below, then reorganize it to a format easier to read. Note that the voltage Vap = 0 (figure below,
right) and so the middle resistor can be removed without affecting the circuit. The remaining resistors

over the three parallel branches have equivalent resistance R:m = % + ﬁ + ﬁ = % = Req = 582 (ii)
The current through the battery isn % = 125?2\/ = 2.40 A. O
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Problem 5. Determine the magnitude and directions of the currents through Ry = 2202 and Ry = 1512
in the circuit in the figure below. Let’s consider that in addition to the explicit resistances, the batteries
have an internal resistance of r = 1.202.
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Solution: here are three currents involved, and so there must be three independent equations to de-
termine those three currents. One comes from Kirchhoff’s junction rule applied to the junctionof the
three branches on the left of the circuit: iy = is + ¢3. Another equation comes from Kirchhoff’s loop
rule applied to the outer loop, starting at the lower left corner, and progressing counterclockwise

—i3(1.2Q) + 6 V —i1(220) — i1 (1.2Q) + 9 V = 0 = 15 = 23.2i1 + 1.2i3

The final equation comes from Kirchhoff’s loop rule applied to the bottom loop, strating at the
lower left corner, and progressing counterclockwise:
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—i3(1.2Q) + 6 V + i5(15Q) = 0 = 6 = —15iy + 1.2i3.

Substitute i1 = is + i3 into the loop equation, so that there are two equations with two unknowns

15 = 23.2i1 + 1.2i3 = 23.2 (ix + i3) + 1.2i5 = 23.2iy + 24.4i3

and

6 = —1513 + 1.243

Solve the bottom loop equation for io and substitute into the loop equation, resulting in an
equation with only one unknown, which can be solved

—6+1.2i
6 = —15iy + 1.2i5 = iy — %
64 1.2
15 = 23.2iy + 24.4i5 = 23.2 (%Z?’) + 24.4i5 = i3 = 363/393.84 = 0.917 A
—6+1.2i
iy = % — _0.33 A, left.

i1 =1i9 +1i3 = 0.6 A, left.



