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To argue (A), if we write the above equation in terms of potential energy, AU = ¢AV. Thus,

glemf) = ¢AVI + AV + ¢AV,

Since AV << AVhup, then the energy loss of electrons through a connecting wire is much smaller than through the bulb
and qAV] is negligible. As a result, emf =~ AVy5.

19.x.57

(a) Apply the Loop Rule (Conservation of Energy) to loop 2.

(VF — Vc) + (VC — VD) + (VD — VE) + (VE — VF) = 0
—8V+(V0—VD>+4.5V+O = 0
(Vo —Vb) = 35V

(b) Ve > Vp so Vo must be the positive terminal since it is at a higher potential.

19.X.58
The emf of the battery is equal to the potential difference across the wire, due to the Loop Rule.

emf = AV =FL

emf
E = —
L
1.6V vV
T 0.48m 333 m

If the wire is replaced with one of regular diameter, the electric field inside the wire remains the same. However, the current
will increase since i = neAuF

19.x.59

Note that the battery remains the same in all experiments, and according to the Loop Rule, emf = AV where AV is the
potential difference across the wire. Since AV = EL, then emf = EL where L is the length of the wire. This can be a useful
relationship. Answers are shown in Table |

19.x.60

The resistor (thin wire) and thick connecting wires are in series. Applying conservation of charge (i.e. the Current Node
Rule) to the resistor and wires leads to the conclusion that the electron current through the thin wire must equal the electron
current through the thick wire. Use i = neAuFE and the fact that n and u are properties of the material in order to compare
the quantities given in Table |

19.x.61
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Experiment Effect on current Parameter that changed

Double L 1 changes by a factor of 1/2 E; E changes by a factor of 1/2
because L increased by 2 and i
A.

Double A i changes by a factor of 2 A; A changes by a factor of 1/2
and 7 x A.

Double L i changes by a factor of 1/2 E; Two bulbs in series is like hav-

ing a single filament that is twice
as long. Doubling L changes E
by 1/2 and i x E.

Double emf i changes by factor of 2 E; 2emf results in 2F which re-
sults in 27 since @ x E.

Table 2: Table with answers to Question 19.X.59.

resistor <, =, or > thick wires
'L’R = iw
nR - Nw
AR < Aw
UR = Uy
Egr > E,
VR > Vw

Table 3: Table with answers to Question 19.X.59.

According to the Loop Rule, the emf of the battery is equal to the potential difference across the wire. Since AV = EL, then
emf = EL, and the electric field is £ = eTmf For two batteries, the emf increases by a factor of 2. A 36 cm length increases
L by a factor of 3. As a result, E changes by a factor 2/3.

Since i = neAuFE and since the cross-sectional area is increased by a factor of 2 and since F is changed by a factor 2/3, then
i increases by a factor (2)(2/3) = 4/3.

The magnetic field due to the wire is proportional to the current through the wire. As a result, the magnetic field component
that causes the compass to deflect increases by a factor 4/3. Assuming that the wire is aligned with the N-S direction, then
the magnetic field due to the wire is E-W and tanf = gwﬂ Since Begren =~ 2 x 1072 T, then a 6° deflection means that the

arth

original magnetic field was 2.1 x 1076 T. Increasing this’by a factor of 4/3 gives a magnetic field of 2.8 x 10~ T which
results in a deflection of 8°.

19.x.62

The graph shows that the potential difference across the connecting wires is not negligible, even though the question suggests
neglecting this potential difference. Therefore, we will not neglect it. By estimation, Vg — V4 =~ —0.5 V and Vp — Vo = —0.5
V. According to the Loop Rule,

VB=VaA)+(Ve-VB)+(Vp=Ve)+(Va—Vp) = 0
—05V+(Ve—Vg)+—05V+35V = 0
Ve —Vg) ~ —25V

The potential difference across the resistor is about 5 times the potential difference across the connecting wires.

The conventional current through the resistor is I = neAuF = neAuATV. We need to know the properties of the resistor in

order to calculate the current through the resistor. No, there is not enough information to determine the current I in the
circuit.
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VG—VB+VE—VG+VD—VE+VB—VD =
emf1 +VE —VG —|—emf2 +VB —VD =
1.3V+VE—VG+1.3V+VB—VD =

2.6V+VE7VG+VB—VD =

o O o O

(c) Since the wires are identical, V. -V =V -V | so
E G B D

26V+2(V, —-V) = 0
26V
V-V = —
B D 2
= 13V
Since F is uniform in the wire, AV = EL.
E VB B VD
B L
13V
~ 0.26m
A%
= 5 —_
m

So, E_ =5 . E at all points in the wire is 5 .

(d) ¢ is the same everywhere since charge is conserved. Thus,

i = nAuF

1074 m\>
(7 x 10% m=3)(r) (Mgm) (5 x 1070 \I]n//s) (5 V)
m m
= 6.73x 10571

Since AV = EL and AV is the same, then E is the same. £ =5
(e) (C)

2 |«

19.P.64
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B D
nA uE. = nA_uFE
B B D D
AE = AFE
B B D D
(14x107°m?)E. = (59x10"*m?)FE
B D
1.4 x 1076 m?
By, = (5.9 x 10-8 m2) E,
= (23.7)E,

Combine the loop equation and node equation and solve for E and E. .

18V—-2E L —FE L = 0
B B D D
18V -2E L —(237)E. L = 0
B B B D
18V -~ E (2L +23.7L_) = 0
1.8V
E =
B 2(0.25 m) + (23.7)(0.061 m)
\%
= 0925 —
m
E = 237F
D B
= 219 X
m
Note that E_ = E_ = 0.925
(e)
i = nAuFE
D D
L (4% 10% m) (5.9 x 10-F m2)(5 x 104 ) 21,9 V)
' V/m” " m
= 258 x 107!
19.P.66
(a) Apply Conservation of Energy (Loop Rule) to the circuit. Then,
emf — 2AVCU — Athmme = 0
emf - 2ECU LC\! - Enichrome nichrome = 0

Apply conservation of charge (Node Rule) to the wires. Thus,
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Use this constant to find il in this new circuit.

. 2 emf
Zl = TLAIUET

2
= 5(9 x 107 s71)
= 6x107s7!

It makes sense that this current is greater than with two identical bulbs because it is easier to push current through a
thick filament than a thin filament.

19.P.70

(a) Apply the loop rule. Call the thin wire 1 and the thick wire 2.

2emf—F L —EL = 0
1 1 2 2
Apply the node rule.
ioo= 1,
nA uE = nA ukE,
AFE = AE
1 1 2 2
A2
El = A 2
B (0.35)2
~ (0.25)272
196 E,
2E,

Substitute into the loop equation.

2emf—2E L —EL = 0
2emf —E (2L +L,) = 0
o 2emf
2 2L +1L,

B 2(1.5 V)

~ 2(0.5m) +0.15m

— 26

m

So, E, =2E, =52 .
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= uF, so calculate drift speed and At for each wire seperately since v is different for each wire.

1]

(b)

5 = (Tx107° 31//;)(5.2 %)

= 364x10"*m/s

At = L
1

__ 05m
3.64 x 10~* m/s
= 1374s

For wire 2,

Vo2 = UE2

= 1.82x10"*m/s

0.15m
1.82 x 10~% m/s
= 8245

At =

At = Atl + At2
= 1374s+824s
~ 2200s

(2200 5) 220
~ S _—
60 s

= 36.6 min

(¢) The minimum time required to reach steady state is given by the speed of light. Using L = L +L,=0.65m,

.- L
At
L
At = =
C
_ 0.65 m
3% 108m/s
~ 2x107%s

This is 2 ns, which is much smaller than the time interval for a mobile electron to travel around the circuit.
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(d) The electron current is

i = nAuF
1 1

0.25 x 1073 m
2

= (9x10%m ) ( ) (7% 10-5 2559 %)

V/m
= 1.6x10¥g7!

Thus, 1.6 x 10'8 electrons pass from the thin wire to the thick wire every second.

19.P.71

(a) According to conservation of charge (the node rule), i =4 . Thus,

1. =1
1 2
nAu E = nAu FE
1 1 2 2
ull = uwuFE
1 2 2
u
B = <>E
2 u 1
2
1
= -F
31

(b) Neglect the potential difference (energy loss) across the connecting wires. Apply the loop rule to the circuit with the
single bulb (bulb 1, which we will call 0 to distinguish this case from the previous case in part (a)).

emf — E0 L = 0
The current is

i = nAu F
1 0
emf

Now apply the loop rule to the circuit with two bulbs.

emf —E L-EL = 0
eme1L<z1)’)E1L 0
emf—gElL =0

p - semf

! 4 L
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The current through bulb 1 is

~.
|

nAu FE
1 1

3 emf
ndu, <4L>

But we know that

So, substitution gives

Evidently replacing Bulb 2 with a wire increased the current through the battery by a factor of 4/3. Or, to say it
in another way, if you originally have a battery and bulb 1 and you connect bulb 2 in series with bulb 1, the current
through the battery and bulbs will be 3/4 of the original current.

Cu  filament

Cu’'Cu Cu Cu a1° Al AlT Al

The cross-sectional area of a wire is at least 100 times larger than the area of a filament. The mobility of copper is
about 10 times larger than tungsten. Thus, the electric field in the copper wire is at least 1000 times smaller than in
the tungsten.

The electric fields in all the copper wires are the same because i = nAuFE and i (and n, A, and ) is the same in all
the copper wires. Thus, F must also be the same.

(d) The graph is shown in Figure Gray lines are for the circuit with two bulbs (part a).

19.X.72

(a) The loop rule gives

emf—FEL = 0
emf
E = —
L
LTV
~0.75m





