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Immediately after the switch is closed, the current supplied by the battery is
(A) V/(Ri+ R2) (B) V/Ri (C) V/R2 (D) V(Ri + R2)/RiR2 (E) zero

When the switch is closed, the circuit behaves as if the capacitor were just a wire, shorting
out
the resistor on the right.

A long time after the switch has been closed, the current supplied by the battery is
(A) V/(Ri+ R2) (B) V/Ri (C) V/R2(D) V(Ri + R2)/RiR2 (E) zero

When the capacitor is fully charged, the branch with the capacitor is “closed” to current,
effectively removing it from the circuit for current analysis.
The emf of a battery is 12 volts. When the battery delivers a current of 0.5 ampere to a
load, the potential difference between the terminals of the battery is 10 volts. The internal
resistance of the battery is

A)1Q B)2Q (O)4Q (D)20 Q (E)24 Q

Vr=E-1Ir
When any four resistors are connected in parallel, the each resistor is the same.
(A) charge on (B) current through (C) power from (D) resistance of (E) voltage across

by definition of a parallel circuit
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Two capacitors are connected in parallel as shown above. A voltage V is applied to the
pair. What is the ratio

of charge stored on Ci to the charge stored on C2, when C1=1.5C2?
(A)4/9 (B)2/3(C)1(D)3/2(E)9/4

In parallel Vi= V2. Qi=CiViand Q2= C2V2s0 Q1/Q2= Ci/C2= 1.5

The total capacitance of several capacitors in parallel is the sum of the individual
capacitances for which of the

following reasons?

(A) The charge on each capacitor depends on its capacitance, but the potential
difference across each is the

same.

(B) The charge is the same on each capacitor, but the potential difference across each
capacitor depends on its

capacitance.

Basics

Capacitance

Capacitor
Equivalents
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(C) Equivalent capacitance is always greater than the largest capacitance.
(D) Capacitors in a circuit always combine like resistors in series.
(E) The parallel combination increases the effective separation of the plates

By process of elimination, A is the only possible true statement.
Capacitors
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There are several ways to do this problem. We can find the total energy stored and divide 1t into
the three capacitors: Uc = % CV2 =% (2 UF)(6 V)’ =36 uJ + 3 = 12 uJ each

Below is a system of six 2—microfarad capacitors. Capacitors

it

The equivalent capacitance of the system of capacitors is
(A)23uF®B)43 uF(C)3 nFD)6 uF(E)12 uF

Each branch, with two capacitors in series, has an equivalent capacitance of 2 u F+2 =1
v F.

The three branches in parallel have an equivalent capacitanceof 1 pF+1 uF+1 uF=
3 uF

What potential difference must be applied between points X and Y so that the charge on
each plate of each capacitor will have magnitude 6 microcoulombs?
(A)LSVB)3V(IC)6 VD)9V (E) 18V

For each capacitor to have 6 1 C, each branch will have 6 u C since the two capacitors in
series in

each branch has the same charge. The total charge for the three branches is then 18 n C. Q
=CV

gives 18 nC=3 uF)V

~_| I | I | I capacitors
| | I

Three 1/2 pF capacitors are connected in series as shown in the diagram
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above. The capacitance of the
combination is
(4) 0.1 uF B) 1 uF (C) 2/3 uF ) % uF () 1/6 uF

I <eries L 1
series — — -
Cr c

Capacitors

o |

BB C

Three identical capacitors each with a capacitance of C are connected as shown in the
following diagram. What

would be the total equivalent capacitance of the circuit?
(A)033C®B)067C(C)1.0CD)L5C(E)30C

The capacitance of the two capacitors in parallel 1s 2C. Combined with a capacitor in series

gives C = g:;g . %C
/ Capacitors
+100 pc| E pne
C=5puk  C=20pF
-100 pC =50 puC

For the configuration of capacitors shown, both switches are closed simultaneously. After
equilibrium is

established, what is the charge on the top plate of the 5 uF capacitor?

(A) 100 uC (B) 50 uC (C) 30 uC (D) 25 uC (E) 10 pC

The total charge to be distributed is +100 © C —50 ¢ C=+50 u C. In parallel, the
capacitors must

have the same voltage so the 20 p F capacitor has four times the charge ofthe 5 u F
capacitor.

This gives Q0= 4Qsand Q20+ Qs=4Qs5+ Q5=5Q5=50 1 C, or Qs

E

=10 uC



12

30-
31

Combination

40 X Ohm’s

B

6V

Y

In the circuit shown above, what is the value of the potential difference between points X
and Y if the 6—volt

battery has no internal resistance?

A)1V@B)2vV(C)3V D)4V (E) 6V

The total resistance of the 3 Q and 6 Q in parallel is 2 Q making the total circuit
resistance 6

and the total current E/R = 1 A. This 1 A will divide in the ratio of 2:1 through the 3 Q
and 6 Q

respectively so the 3 Q resistor receives 2/3 A making the potential difference IR = (2/3

A3 Q)
=2V.
r Combination
1 Mosa
L—NW\MN—-M}-—-—-J

In the circuit shown above, the value of r for which the current I is 0.5 ampere is
A)0Q B)1Q (C©)5Q (D)10 Q (E)20 Q

The resistance of the two resistors in parallel is /2. The total circuit resistance is then 10
Q +%
r, which is equivalent to E/I = (10 V)/(0.5 A)=20 Q =10 Q +1/2

RI =2000 Q Equivalent

AN——,

R, =25000Q L

—\NN— !3
_WV"_"'j

51 R, =6000Q
(¥
E=12V

What is the current /;?
(A) 0.8 mA (B) 1.0 mA (C) 2.0 mA (D) 3.0 mA (E) 6.0 mA
Resistance of the 2000 Q and 6000 2 in parallel = 1500 Q, adding the 2500 Q in
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series gives a
total circuit resistance of 4000 Q. low = 11 = E/R
D

total

How do the currents /1, I2, and /3 compare?

A L>L>BB)LI>L>LC)>L>BD)L>1L>DLE)B>0L>1

11 is the main branch current and is the largest. It will split into 12 and I13and since
12 moves

through the smaller resistor, it will be larger than I3

[ Equivalent
Power
-
- D 'L} Brightness
N
M)
£
Y

Four identical light bulbs K, L., M, and N are connected in the electrical circuit shown
above.

Rank the current through the bulbs.
(AJK>L>M>N
(B)L=M>K=N
(OO)L>M>K>N
(DDN>K>L=M
(EEN>L=M>K
Answer: D
N is in the main branch, with the most current. The current then divides into the two
branches,
with K receiving twice the current as L and M. The L/M branch has twice the resistance of

the K
branch. L and M in series have the same current.

In order of decreasing brightness (starting with the brightest), the bulbs are:
(A)K=L>M>N
(B)K=L=M>N
(CO)K>L=M=>N
(DDN>K>L=M
(E)N>K=L=M
Answer: D
See above. Current is related to brightness (P = I2R)

Bulb K burns out. Which of the following statements 1s true?
(A) All the light bulbs go out.

(B) Only bulb N goes out.

(C) Bulb N becomes brighter.

(D) The brightness of bulb N remains the same.

(E) Bulb N becomes dimmer but does not go out.

Answer: E
If K burns out, the circuit becomes a series circuit with the three resistors, N, M and L all
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in
series, reducing the current through bulb N.

Bulb M burns out. Which of the following statements 1s true?
(A) All the light bulbs go out.

(B) Only bulb M goes out.

(C) Bulb N goes out but at least one other bulb remains lit.
(D) The brightness of bulb N remains the same.

(E) Bulb N becomes dimmer but does not go out.

Answer: E
If M burns out, the circuit becomes a series circuit with the two resistors, N and K in
series, with
bulb L going out as well since it is in series with bulb M.
When two resistors, having resistance R; and R, are connected in parallel, the equivalent resistance of the Equivalent
combination 1s 5 Q. Which of the following statements about the resistances 1is correct?
(A) Both R; and R; are greater than 5 Q.
(B) Both R; and R; are equal to 5 Q.
(C) Both R; and R; are less than 5 Q.
(D) The sumof Ry and R, 1s 5 Q.
(E) One of the resistances 1s greater than 5 (), one of the resistances 1s less than 5 Q.

_

Three resistors — R1, R2, and R3 — are connected in series to a battery. Suppose Ricarriesa | Equivalent
current of 2.0 A, R2has a resistance of 3.0 Q, and R3 dissipates 6.0 W of power. What is Power

the voltage across R3
(A)1.OV(B)20V(C)3.0V(D)6.0V(E)I12V

In series, they all have the same current, 2 A. P3=13V3

v Equivalent
N | Power

W ‘ | R

1
;)
A R D

ho1 ",
o)
B o C

=1

The circuit shown has an ideal ammeter with zero resistance and four identical resistance
light bulbs which are

initially illuminated. A person removes the bulb R4 from its socket thereby permanently
breaking the electrical

circuit at that point. Which statement is true of the circuit after removing the bulb?

(A) The voltage from B— C increases.

(B) The power supplied by the battery increases
(C) The voltage across Ri

(D) The ammeter reading is unchanged.
increases.

(E) The bulb R2 maintains the same brightness.

Breaking the circuit in the lower branch lowers the total current in the circuit, decreasing
the
voltage across Ri. Looking at the upper loop, this means R2
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A
now has a larger share of the battery
voltage and the voltage across AD is the same as the voltage across BC

Equivalent
1 Q 30
X Y
—_—— H—

The upper branch, with twice the resistance of the lower branch, will have %: the current

of the

lower branch.
Equivalent

E

Power
W 1

M O _—

g
[

If all of the resistors in the above simple circuit have the same resistance, which would

dissipate the greatest

power?

(A) resistor A

(B) resistor B

(C) resistor C

(D) resistor D
(E) they would all dissipate the same power

Resistor D is in a branch by itself while resistors A, B and C are in series, drawing less

current than resistor D.

Five identical light bulbs, each with a resistance of 10 ohms, are connected in a simple Equivalent
electrical circuit with a

switch and a 10 volt battery as shown in the diagram below.
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each bulb =10 =

A
LA
switch %

+ (o
she "

10 volts

WHm

The steady current in the above circuit would be closest to which of the following values?
(A) 0.2 amp (B) 0.37 amp (C) 0.5 amp (D) 2.0 amp (E) 5.0 amp

Resistance of bulbs B & C =20 £ combined with D in parallel gives 6.7 Q for the right
side.
Combined with A & E in series gives a total resistance of 26.7 Q. E = IR

Which bulb (or bulbs) could burn out without causing other bulbs in the circuit to also go
out?

(A) only bulb D (D) only bulbs C or D

(B) only bulb E (E) bulbs B, C, or D

(C) only bulbs A or E

A and E failing in the main branch would cause the entire circuit to fail. B and C would
affect each other.

R,=20Q Equivalent
AW —
R, =350
M
R, =600

s ! £=12V
In the circuit shown above, the equivalent resistance of the three resistors is
(A) 10.5 Q@ B) 15Q (C) 20 Q (D) 50 Q (B) 115 Q

The equivalent resistance of the 20 Q and the 60 Q in parallel is 15 Q, added to the 35
Q resistor
in series gives 15 Q +35 Q =50 Q

A A L A PP Equivalent

Power

ﬂw— Brightness
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The current through bulb 3 is twice the current through 1 and 2 since the branch with bulb
3 is half the resistance of the upper branch. The potential difference is the same across
each branch, but bulbs 1 and 2 must divide the potential difference between them.

Equivalent
Power
T
In the accompanying circuit diagram, the current through the 6.0—Q resistor is 1.0 A.
What is the power supply
voltage V'?
(A)IOV(B)18V(C)24V(D)30V (E)42V
If the current in the 6 Q resistor is 1 A, then by ratios, the currents in the 2 Q and 3 Q
resistor are 3 A and 2 A respectively (since they have 1/3 and 1/2 the resistance). This
makes the total current 6 A and the potential drop across the 4 Q resistor 24 V. Now use
Kirchhoft’s loop rule for any branch
Z Equivalent
AAtaY
X Y
—AAA——AM
|
| I
For the currents in the branches to be equal, each branch must have the same resistance
Equivalent
Power
Brightness

Bulbs in the main branch have the most current through them and are the brightest
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200 Equivalent
@ ’ﬁ'\.a'“\fﬁ‘v ,L Ammeter

E é & »L Switch
L I
g s

An ideal battery, an ideal ammeter, a switch and three resistors are connected as shown.
With the switch open as
shown in the diagram the ammeter reads 2.0 amperes.

With the switch open, what would be the potential difference across the 15 ohm resistor?
(A)30V(B)40V (C)60V (D) 70V (E) 110V
V=IR

With the switch open, what must be the voltage supplied by the battery?
(A)30V(B)40V(C)60V (D)T70V (E) 110V

E = IRtotat Where Rtotal= 35 Q

When the switch is closed, what would be the current in the circuit?
(A)11AB)1L.7A(C)20AD)23A(E)3.0A

With the switch closed, the resistance of the 15 Q and the 30 Q in parallel is 10 Q,

making the
total circuit resistance 30 Q and E =IR
A in B Equivalent
L 4an 20
=
& —
D
¢ an
E

A 9—volt battery is connected to four resistors to form a simple circuit as shown above.
How would the current through the 2 ohm resistor compare to the current through the 4
ohm resistor?

(A) one—forth as large (D) twice as large

(B) one—half as large (E) equally as large

(C) four times as large

The equivalent resistance through path ACD is equal to the equivalent resistance through
path
ABD, making the current through the two branches equal

What would be the potential at point B with respect to point C in the above circuit?
(A+7VB)H3VIC)OVMD)-3V(E) TV

The resistance 1 each of the two paths 1s 9 Q, making the current in each branch 1 A. From
point A, the potential drop across the 7 Q) resistor 1s then 7 V and across the 4 Q resistor 1s 4 V,
making point B 3 V lower than point C
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Equivalent
Power
Brighter

A circuit is connected as shown. All light bulbs are identical. When the switch in the
circuit is closed

illuminating bulb #4, which other bulb(s) also become brighter?

(A) Bulb #1 only (B) Bulb #2 only (C) Bulbs #2 and #3 only (D) Bulbs #1, #2, and #3
(E) None of the bulbs.

Closing the switch reduces the total resistance of the circuit, increasing the current in the

main

branch containing bulb 1

The diagram below shows five identical resistors connected in a combination series and Equivalent
parallel circuit to a voltage source.

K L
J N
A, Ay A A

Ay
M

N
- +

Through which resistor(s) would there be the greatest current?
(A) J only (B) M only (C) N only (D) J&N only (E) K&L only
Resistors J and N are in the main branch and therefore receive the largest current.

Which resistor(s) have the greatest rate of energy dissipation?
(A) J only (B) M only (C) N only (D) J&N only (E) K&L only

P=1LR
WAL Equivalent
—_—24V
— 4Q 4Q

4 Q
AW . .

How many coulombs will pass through the identified resistor in 5 seconds once the circuit
was closed?

(A) 1.2 (B) 12 (C) 2.4 (D) 24 (E) 6

The equivalent resistance of the two 4 Q resistors on the right is 2 0 making the total
circuit

resistance 10 Q and the total current 2.4 A. The 2.4 A will divide equally between the
two

branches on the right. Q =1t = (1.2 A)(5s)=6 C
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Equivalent

10 3Q Ammeter

2Q R

1 II
mall] s
If the ammeter in the circuit above reads zero, what is the resistance R ?
(A)1.5Q (B)2Q (©)4Q (D)5 Q (E)6Q

For the ammeter to read zero means the junctions at the ends of the ammeter have the

same

potential. For this to be true, the potential drops across the 1 Q and the 2 Q resistor must

be

equal, which means the current through the 1 € resistor must be twice that of the 2 Q

resistor.

This means the resistance of the upper branch (1 Q and 3 Q) must be % that of the lower

branch

2 Q andR) givingl Q +3 Q =% (2 Q +R)

When a single resistor is connected to a battery, a total power P is dissipated in the circuit. = Equivalent
How much total power is dissipated in a circuit if # identical resistors are connected in Power
series using the same battery? Assume

the internal resistance of the battery is zero.
(A) n2P (B) nP (C) P (D) P/n (E) P/n2

P = E2/R. Total resistance of n resistors in series is nR making the power P = E2/nR = P/n

Equivalents
.- AAA A
g
>
e
v
The total equivalent resistance between points X and Y in the circuit shown above is
(A)3Q B)4Q (©)5Q (D)6Q (E)7 Q
The resistance of the two 2 Q resistors in parallel is 1 Q. Added to the 2 Q resistor in
series with
the pair gives 3 Q
A Equivalents
15 Combination
Ammeter

20Q 60 Q
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When the switch S is open in the circuit shown above, the reading on the ammeter A is 2.0
A. When the switch

is closed, the reading on the ammeter is

(A) doubled

(B) increased slightly but not doubled

(C) the same

(D) decreased slightly but not halved

(E) halved

Closing the switch reduces the resistance in the right side from 20 Q to 15 Q, making the
total circuit resistance decrease from 35 Q to 30 Q, a slight decrease, causing a slight
increase in

current. For the current to double, the total resistance must be cut in half.

n 1 20 20 Equivalents
—AMA——AM—e

: IL Series Parallel

20 40
. V.

Which two arrangements of resistors shown above have the same resistance between the
terminals?
(A)ILand I (B) I and IV (C) Il and III (D) II and IV (E) Il and IV

The resistances are as follows: I: 2 Q, I: 4 Q III: 1 Q,IV:2 Q

You are given three 1.0 Q resistors. Which of the following equivalent resistances Equivalents
CANNOT be produced using

all three resistors?

(A)1/3Q (B)23Q (©O)1.0Q (D)1.5Q (E)3.0 Q

Using all three in series = 3 Q, all three in parallel = 1/3 Q. One in parallel with two in
series =
2/3 Q, one in series with two in parallel = 3/2 Q
Internal

+ +
1 .A| 1 1 Ai [ resistance
E= Iov —

= E= 20V

The figures above show parts of two circuits, each containing a battery
of emf ¢ and internal resistance . The

current in each battery is 1 A, but the direction of the current in one battery is opposite to
that in the other. If the

potential differences across the batteries' terminals are 10 V and 20 V as shown, what are
the values of ¢ and r?

(AYE=5V, r =15 Q

(B)E=10V,r=100 Q

(OE=15V, r=5 Q

MYE=20V, r =10 Q

(E) The values cannot be computed unless the complete circuits are shown.

Summing the potential differences from bottom to top:
left circuit: — (1 A)r+ E=10V
right circuit: + (1 A)r + E =20 V, solve simultaneous equation
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16 Q Internal
X o— —AM Resistance
£ = YI=03A
Resistance

The above circuit diagram shows a battery with an internal resistance of 4.0 ohms
connected to a 16-ohm and a

20—ohm resistor in series. The current in the 20—ohm resistor is 0.3 amperes

What is the emf of the battery?

(A)1.2V(B)6.0V(C)10.8V (D) 120V (E)13.2V

Total circuit resistance (including internal resistance) = 40 Q; total current = 0.3 A. E =
IR

What is the potential difference across the terminals X and Y of the battery?
(A)1.2V(B)6.0V(C)10.8V (D)12.0V (E)13.2V

Vxy = E — Ir where r is the internal resistance

What power is dissipated by the 4—ohm internal resistance of the battery?
(A) 036 W(B)1.2W (C)3.2W (D)3.6 W (E)4.8W

P=Ir
_ 2A Internal
> {'l}— > resistance
12V, 20) voltmeter

A 12—volt storage battery, with an internal resistance of 2 Q, is being charged by a current
of 2 amperes as

shown in the diagram above. Under these circumstances, a voltmeter connected across the
terminals of the

battery will read

(A)4VB)8V(C)I0V(D)I2V(E)16 V

Summing the potential differences from left to right gives Vr=-12 V- (2 A)2 Q)=-16
V. 1t
is possible for V> E.

2 A X l A Kichoff’s
r—

.
If ‘lov Eiov

1SV

Y

In the circuit shown above, the emf's of the batteries are given, as well as the currents in
the outside branches

and the resistance in the middle branch. What is the magnitude of the potential difference
between X and Y?

(A)4VB)S8V(C)I0V(D)12V (E)16 V

Kirchhoff’s junction rule applied at point X gives 2 A =1+ 1 A, so the current in the
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middle wire

is 1 A. Summing the potential differences through the middle wire from X to Y gives — 10
V-

(1A)Q2 Q)=-12V

A certain coffeepot draws 4.0 A of current when it is operated on 120 V household lines.
If electrical energy

costs 10 cents per kilowatt—hour, how much does it cost to operate the coffeepot for 2
hours?

(A) 2.4 cents (B) 4.8 cents (C) 8.0 cents (D) 9.6 cents (E) 16 cents.

Power =1V =480 W = 0.48 kW. Energy = Pt = (0.48 kW)(2 hours) = 0.96 kW-h

Kilowatt hours

An electric heater draws 13 amperes of current when connected to 120 volts. If the price of = Kilowatt Hours

electricity is
$0.10/kWh, what would be the approximate cost of running the heater for 8 hours?
(A) $0.19 (B) $0.29 (C) $0.75 (D) $1.25 (E) $1.55

P=1V =1.56 kW. Energy = Pt = 1.56 kW x 8 h=12.48 kW-h

"
—“-fv“-fj—" VAW
4.00 1.0
100V <,

- =  300=
6.005 =
6.0V 1

What is the current through the 6.0 Q resistor shown in the accompanying circuit
diagram? Assume all batteries

have negligible resistance.

(A)0(B)0.40A(C)0.50AD)13AE)1ISA

If you perform Kirchhoff’s loop rule for the highlighted loop, you get a current of 0 A
through

the 6 Q resistor

Kirchhoft’s loop rule for circuit analysis is an expression of which of the following?
(A) Conservation of charge (B) Conservation of energy (C) Ampere's law

(D) Faraday's law (E) Ohm's law

The loop rule involves the potential and energy supplied by the battery and it’s use around
a
circuit loop.

2V 6V

1

03Q L - f 02Q
—l+ X +1'-
M- MV
150 b4 R

In the circuit above, the emf's and the resistances have the values shown. The current I in
the circuit is 2 amperes.

The resistance R is

A)1Q B)2Q (O)3Q (D)4 Q (E)6 Q

Utilizing Kirchhoff’s loop rule starting at the upper left and moving clockwise: — (2 A)(0.3
Q) +
12V—-6V—-(2A4)0.2 Q)—(24)(R) — (2A)(1.5 Q) =0

Kirchhoff

Kirchhoff’s

Kirchhoff’s
Ohm’s Law
Power
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The potential difference between points X and Y is
(A)1.2V(B)6.0V(C)84V (D)10.8V (E)122V
Summing the potential differences: — 6V — (2 A)(0.2 Q) — (24)(1 Q) =-84V

How much energy is dissipated by the 1.5—ohm resistor in 60 seconds?

(A)6J(B)180J(C)360J(D)720J (E) 1,440J
Energy = Pt = 2Rt

A 2A

Kirchhoff’s

41 60

IGV-[ J

In the circuit shown above, what is the resistance R?
A)3Q B4Q (O)6Q (D)12Q (E)18 Q

24V

The current through R is found using the junction rule at the top junction, where 1 A +2 A

enter

giving I = 3 A. Now utilize Kirchhoff’s loop rule through the left or right loops: (left side)

+ 16

V-(1A)4 Q)—B3AR=0givingR=4 Q

Kirchhoff’s
Voltmeter
Ammeters

I.%.m w @}

P
W

97502 200
.'lll".‘fl"“‘l"l*

The voltmeter in the accompanying circuit diagram has internal resistance 10.0 k Q and
the ammeter has internal
resistance 25.0 Q. The ammeter reading is 1.00 mA. The voltmeter reading is most

nearly:
(A)1.0OV(B)2.0V(C)3.0V(D)40V (E)5.0V

Using Kirchhoff’s loop rule around the circuit going through either V or R since they are
in

parallel and will have the same potential drop gives: — V — (1.00 mA)(25 Q)+ 5.00 V —
(1.00

mA)(975 Q)=0

2 volts 50 ohms Kirchhoff’'s
J0l AAN—

2 volts 50 ohms

{0]¢ AP
150 obhms
”— aaan
x ¥

In the circuit shown above, the current in each battery is 0.04 ampere. What is the
potential difference between
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the points x and y?
(A)8V(B)2V(ICO)6 VD)0V (E)4V

Utilizing Kirchhoff’s loop rile with any loop including the lower branch gives 0 V since

the

resistance next to each battery drops the 2 V of each battery leaving the lower branch with

no

current. You can also think of the junction rule where there is 0.04 A going into each

junction

and 0.04 A leaving to the other battery, with no current for the lower branch.

A

1
(=%
O/

Shorting bulb 3 decreases the resistance in the right branch, increasing the current through
bulb 4 and decreasing the total circuit resistance. This increases the total current in the

main branch containing bulb 1.

Questions 36 - 38

(A) ‘ (B)
12 g 2 L 43 ¢4
T ohms 20hms T ohms? ohms
12—
L 6
T ohms

()

201

2 0');1;5

(D)

ohms

The batteries in each of the circuits shown above are identical and the wires have negligible resistance.

36. In which circuit is the current furnished by the battery the greatest?

(M)A (B)B (O)C (D)D (E) E

Current is greatest where resistance is least. The resistances are, in order, 1 Q,2 Q, 4 Q

,2 Qand6 Q.

37. In which circuit is the equivalent resistance connected to the battery the greatest?

(A)A (B)B (C)C (D)D (E) E
See Above

38. Which circuit dissipates the least power?
(A)A (B)B (C)C (D)D (E) E

Ohm'’s
Shorting

Ohm’s
Equivalent
Power
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Least power is for the greatest resistance (P = E2/R)

30chms Ohm’s
i b Voltmeter
Internal
il.Dvnltu_ | iﬁﬂ'dms resistance

171.0chm |

In the circuit above the voltmeter V draws negligible current and the internal resistance of
the battery is 1.0

ohm. The reading of the voltmeter is

(A)10.5V (B)120V(C)10.8V (D) 13.0V(E)11.6 V

With a total resistance of 10 Q, the total current is 1.2 A. The terminal voltage Vr=E —Ir

Ohm’s Law
Y r Equivalent
f

]

0.8 Af 30 Q 60 ©

\ & a3 B

20
|

A 30—ohm resistor and a 60—ohm resistor are connected as shown above to a battery of
emf 20 volts and internal resistance . The current in the circuit is 0.8 ampere. What is the
value of »?

(A)0.22 Q (B)45Q (O)5Q (D)16Q (E)70 Q

Total resistance = E/ =25 Q. Resistance of the 30 Q and 60 Q resistors in parallel = 20

Q adding the internal resistance in series with the external circuit gives Reota=20 Q +r1=

25 Q

Three different resistors Ri, R2 and R3 are connected in parallel to a battery. Suppose Rihas  Ohm’s Law
2 V across it, R2=4 Q, and R3 dissipates 6 W. What is the current in R3?
(A)0.33AB)0SAC)2AMD)3A(E)12A

In parallel, all the resistors have the same voltage (2 V). P3=13V3

Which of the following will cause the electrical resistance of certain materials known as Other
superconductors to Superconductors
suddenly decrease to essentially zero?

(A) Increasing the voltage applied to the material beyond a certain threshold voltage

(B) Increasing the pressure applied to the material beyond a certain threshold pressure

(C) Cooling the material below a certain threshold temperature

(D) Stretching the material to a wire of sufficiently small diameter

(E) Placing the material in a sufficiently large magnetic field

Resistance varies directly with temperature. Superconductors have a resistance that

quickly goes

to zero once the temperature lowers beyond a certain threshold.

The operating efficiency ofa 0.5 A, 120 V electric motor that lifts a 9 kg mass against Other
gravity at an average Efficiency

velocity of 0.5 m/s is most nearly
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(A) 7% (B) 13% (C) 25% (D) 53% (E) 75 %

The motor uses P =1V = 60 W of power but only delivers P = Fv = mgv =45 W of power.

The

efficiency is “what you get” + “what you are paying for” = 45/60

Parallel
Volts
Ammeter
Voltmeter

|
I

A lamp, a voltmeter V, an ammeter A, and a battery with zero internal resistance are
connected as shown above.

Connecting another lamp in parallel with the first lamp as shown by the dashed lines
would

(A) increase the ammeter reading (B) decrease the ammeter reading

(C) increase the voltmeter reading (D) decrease the voltmeter reading

(E) produce no change in either meter reading

Adding resistors in parallel decreases the total circuit resistance, this increasing the total
current
in the circuit

Parallel
Bl R, Ry Ohm'’s

5 volts

Which of the following statements is NOT true concerning the simple circuit shown where resistors R, Ry and
R; all have equal resistances?

(A) the largest current will pass through R,

(B) the voltage across R; 1s 5 volts

(C) the power dissipated in R; could be 10 watts

(D) if R, were to burn out, current would still flow through both R; and R;

(E) the net resistance of the circuit is less than Ry

If the resistances are equal, they will all draw the same current
P(wlatts) Power
f

- 10+-~-- -

= [ (amperes)

The circuit shown above left is made up of a variable resistor and a battery with negligible
internal resistance. A

graph of the power P dissipated in the resistor as a function of the current I supplied by the
battery is given

: Variable Resistor
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above right. What is the emf of the battery?
(A)0.025V (B)0.67V (C)2.5V (D) 625V (E)40 V

P=1IE

An immersion heater of resistance R converts electrical energy into thermal energy that is
transferred to the

liquid in which the heater is immersed. If the current in the heater is I, the thermal energy
transferred to the

liquid in time t is

(A) IRt (B) I*Rt (C) IR%t (D) IRt (E) IR/t

W = Pt = Rt

The power dissipated in a wire carrying a constant electric current I may be written as a
function of the length /

of the wire, the diameter d of the wire, and the resistance o of the material in the wire. In
this expression, the

power dissipated is directly proportional to which of the following?

(A) lonly (B)d only (C)/and p only (D)dand p only (E)/ d,and p

P=DRand R= p L/A giving P o< p L/d2

A variable resistor is connected across a constant voltage source. Which of the following
graphs represents the

power P dissipated by the resistor as a function of its resistance R?

(A) p (B) P
R OI_—R
© (D)

P

0 R 0 R

(E)

0 R

Answer: A
P =V2/R and if V is constant P &< 1/R

A hair dryer is rated as 1200 W, 120 V. Its effective internal resistance is
(A 0.1 Q B 10 Q (©) 12 Q (D) 120 Q (E) 1440 Q

P=V2/R

When lighted, a 100—watt light bulb operating on a 110—volt household circuit has a
resistance closest to

(A)102Q B)101Q (C)1 Q (D)10 Q (E)100 Q

P=V’R

A heating coil is rated 1200 watts and 120 volts. What is the maximum value of the
current under these

Power
Thermal

Power
Resistance

Power
Graphs

Power
Ohm’s
Internal
resistance
Power

Power
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conditions?
(A)10.0 A (B) 12.0 A (C) 14.1 A(D) 0.100 A (E) 0.141 A

P=1V
What is the resistance of a 60 watt light bulb designed to operate at 120 volts? Power
(A)0.5Q (B)2 Q (C)60 Q (D)240 Q (E) 7200 Q

P =V2/R
P=DLR

A household iron used to press clothes is marked “120 volt, 600 watt.” In normal use, the Power
current in it is
(A)0O2AB)2A(C)4AM)SA(E)72A

P=1V
Power

€ [ Internal

———II— resistance

emf

—ANMAVA-
R,

Series Parallel
Connection Connection

In the diagrams above, resistors Ri and Rz are shown in two different connections to the
same source of emf ¢ that has no internal resistance. How does the power dissipated by
the resistors in these two cases compare?

(A) It is greater for the series connection.

(B) It is greater for the parallel connection.

(C) 1t is the same for both connections.

(D) It is different for each connection, but one must know the values of Riand R2to know
which is greater.

(E) It is different for each connection, but one must know the value of ¢ to know which
is greater.

With more current drawn from the battery for the parallel connection, more power is

dissipated in

this connection. While the resistors in series share the voltage of the battery, the resistors

in

parallel have the full potential difference of the battery across them.

A wire of resistance R dissipates power P when a current / passes through it. The wire is Power
replaced by another

wire with resistance 3R. The power dissipated by the new wire when the same current

passes through it is

(A) P/9(B) P/3 (C) P (D) 3P (E) 6P

P=DLR
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Power

Brighter Dimmer

Bulb 1 Bulb 2

S

I | |
I I

The circuit in the figure above contains two identical lightbulbs in series with a battery. At first both bulbs glow
with equal brightness. When switch S 1s closed, which of the following occurs to the bulbs?

BulbI Bulb 2
(A) Goes out Gets brighter
(B) Gets brighter Goes out
(C) Gets brighter Gets slightly dimmer
(D) Gets slightly dimmer Gets brighter
(E) Nothing Goes out
Answer: B

Closing the switch short circuits Bulb 2 causing no current to flow to it. Since the bulbs

were
originally in series, this decreases the total resistance and increases the total current,

making bulb
1 brighter.

_| Vo

Power

Suppose you are given a constant voltage source Voand three resistors Ri, R2, and R3 with

Ri>R2>Rs. If
you wish to heat water in a pail which of the following combinations of resistors will give

the most rapid

heating?
R, Hs R, R,

{A) YNV W\~ (B) A~

Ra HI

R, Rs

(C) (D)

R; R,

R
(E)

Answer: E
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Most rapid heating requires the largest power dissipation. This occurs with the resistors in
parallel.

Which of the following combinations of 4 Q resistors would dissipate 24 W when
connected to a 12 Volt

(A) (B) (C) (D) (E)

, 1[ _l

: k

To dissipate 24 W means R = V2/P = 6 Q. The resistances, in order, are: 8 Q, 4/3 Q, 8/3
Q.12 Qand 6 Q

A narrow beam of protons produces a current of 1.6 x 10~ A. There are 10° protons in each meter along the
beam. Of the following, which is the best estimate of the average speed of the protons in the beam?
(A) 107 m/s (B) 102 mv/s (©) 107 m/s (D) 10" m/s (E) 102 ma‘s|

Answer:D

Dimensional analysis: 1.6 x 10° A=16x 107 C/s= 1.6 x 107" C/proton = 10'® protons/sec =
10° protons/meter = 10" m/s

1000 g ,_1.
a0 [E".:“-" < 20042
= 1
3.00uF

In the circuit diagrammed above, the 3.00— . F capacitor is fully charged at 18.0 1 C.
What is the value of the

power supply voltage V'?

(A)4.40V (B)6.00V (C)8.00V (D)104V (E)11.0V

The voltage across the capacitor is 6 V (Q = CV) and since the capacitor is in parallel with
the

300 Q resistor, the voltage across the 300 Q resistor is also 6 V. The 200 Q resistor is
not

considered since the capacitor is charged and no current flows through that branch. The
100 Q

resistor in series with the 300 Q resistor has 1/3 the voltage (2 V) since it is 1/3 the
resistance.

Kirchhoft’s loop rule for the left loop gives E =8 V.

— AN
1000 S S
3pocs 52000

See the accompanying figure. What is the current through the 300 Q resistor when the
capacitor is fully

charged?

(A) zero (B) 0.020 A (C) 0.025 A (D) 0.033 A (E) 0.100 A

When the capacitor is fully charged, the branch on the right has no current, effectively
making

the circuit a series circuit with the 100 Q and 300 Q resistors. Reota= 400 Q, E=10V =
IR

6-7 The five incomplete circuits below are composed of resistors R, all of equal resistance, and

Power
Equivalent

Random

RC Cicruits

R-C circuit

RC circuits
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capacitors C, all of
equal capacitance. A battery that can be used to complete any of the circuits is available.

(€ (D)
(A) R R (B) C R < R
F—w— Ir Wy
.
R R | ) |
—WN—AN—
) o—-——J
(Fy _R
R
R

6. Into which circuit should the battery be connected to obtain the greatest steady power
dissipation?

(A)A(B)B(O)CMD)D(E)E

For steady power dissipation, the circuit must allow current to slow indefinitely. For the
greatest

power, the total resistance should be the smallest value. These criteria are met with the
resistors

in parallel.

7. Which circuit will retain stored energy if the battery is connected to it and then
disconnected?
(A)AB)B(C)C(D)D (E)E

To retain energy, there must be a capacitor that will not discharge through a
resistor. Capacitors
in circuits C and E will discharge through the resistors in parallel with them.

4 puF] _124F

—— —

=
=
<
| |

S uF
B 1

—?pF

The equivalent capacitance for this network is most nearly

(A)10/7 uFB)32 uF(C)7/3 nFMD)7 uF (E)14 nF

The capacitance of the 4 x F and 2 « F in parallel is 6 «F. Combined with the 3 « F in
series gives 2

w F for the right branch. Added to the 5 « F in parallel gives a total of 7 ¢ F

The charge stored in the S—microfarad capacitor is most nearly

(A) 360 1 C(B)S00  C(C)710 nC (D) 1,100 x C (E) 1,800 . C

Since the 5 u F capacitor is in parallel with the battery, the potential difference across it is
100 V.

Q=CV

Aresistor R and a capacitor C are connected 1n sertes to a battery of terminal voltage V. Which of the
following equations relating the current I n the circuit and the charge Q on the capacitor describes this circuit?
A)V,+QC-TR=0  (B)V,-QC-R=0  (C)V,'-Q¥2C-IR=0

(D)V,-CI-FR=0  (F)QIC-IR=0

Answer: B
Kirchhoft’s loop rule (V = Q/C for a capacitor)

RC Circuits

RC Circuits
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RC Circuits

12V

Three identical capacitors, each of capacitance 3.0 u F, are connected in a circuit with a
12 V battery as shown
above.

The equivalent capacitance between points X and Z is
(A)1.0 uF(B)2.0 pnF(C)45 nF(D)6.0 uF(E)9.0 uF

The equivalent capacitance of the two 3 « F capacitors in parallel is 6 « F, combined
with the 3 « F in series gives Cioai=2 ©F

The potential difference between points Y and Z is
(A)zero(B)3V(C)4V(D)8V(E)9IV

The equivalent capacitance between X and Y is twice the capacitance between Y and Z.
This
means the voltage between X and Y is 72 the voltage between Y and Z. For a total of 12V,
this
gives 4 V between X and Y and 8 V between Y and Z.
The five resistors shown below have the lengths and cross—sectional areas indicated and Resistance
are made of material
with the same resistance. Which resistor has the least resistance?
(A) (B)

D I — w—
A A .;
() (D)
[ - 29
S 2) B
(E)
et 0 ———— ]
OA nA
\
Answer: E

R = p L/A. Least resistance is the widest, shortest resistor
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Resistance

Two concentric circular loops of radii b and 2b, made of the same type of wire, lie in the
plane of the page, as

shown above. The total resistance of the wire loop of radius b is R. What is the resistance
of the wire loop of

radius 2b?

(A) R4 (B)R/2(C)R (D) 2R (E) 4R

The larger loop, with twice the radius, has twice the circumference (length) and R
= o L/A
A wire of length L and radius r has a resistance R. What is the resistance of a second wire = Resistance

made from the same material that has a length L/2 and a radius /2?
(A)4R (B) 2R (C)R (D)R/2 (E) R/4

R=pL/A.IfL+2,R+2andisr+ 2 then A + 4 and R X 4 making the net effect R + 2 x
4

Resistance
Ohm’s Law

—4 |t}

—1
1 I

Two resistors of the same length, both made of the same material, are connected in a series
to a battery as

shown above. Resistor II has a greater cross. sectional area than resistor I. Which of the
following quantities

has the same value for each resistor?

(A) Potential difference between the two ends

(B) Electric field strength within the resistor

(C) Resistance

(D) Current per unit area

(E) Current

Since these resistors are in series, they must have the same current

Two conducting cylindrical wires are made out of the same material. Wire X has twice the | Resistance
length and twice the diameter of wire Y. What is the ratio Rv/Ry

(A)1/4B)%»(C)1 (D)2 (E)4

R = pL/A o« L/d’ where d is the diameter. R,/R, =L,/d,” = L,/d,* = (2L,)d,/[L,(2d,)’] = %

Wire I and wire II are made of the same material. Wire II has twice the diameter and twice = Resistance
the length of wire I.
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If wire I has resistance R, wire II has resistance
(A)R/8(B)R/4 (C)R/2(D)R (E) 2R

R=pL/Ax L/d* where d is the diameter. Ru/R; = LH.v"dH: = LI,v"dI2 = (ZLI)dIE.ﬂ'[LI(BdI)z] =%
Wire Y is made of the same material but has twice the diameter and half the length of wire = Resistance
X. If wire X has a

resistance of R then wire Y would have a resistance of
(A) RB(B)R2 (C)R(D)2R (E) 8R

Roc L/A=L1L/d2. Ifd x2, R+ 4 and if L + 2, R = 2 making the net effect R + 8

A cylindrical resistor has length L and radius r. This piece of material is then drawn so that Resistance
it is a cylinder with

new length 2. What happens to the resistance of this material because of this process?

(A) the resistance is quartered.

(B) the resistance is halved.

(C) the resistance is unchanged.

(D) the resistance is doubled.

(E) the resistance is quadrupled.

Since the volume of material drawn into a new shape in unchanged, when the length is

doubled,

the area is halved. R = p L/A

A cylindrical graphite resistor has length L and cross—sectional area A. It is to be placed Resistance
into a circuit, but it

first must be cut in half so that the new length is %2 L. What is the ratio of the new

resistance to the old resistance of the cylindrical resistor?

(A)4B)2(C)1 (D)% (E) Va

Resistance is dependent on the material. Not to be confused with resistance
The five resistors shown below have the lengths and cross—sectional areas indicated and Resistance

are made of material Varying diameter

with the same resistance. Which has the greatest resistance?

(A) f—g—+ (B) |—-2¢ {
@_®n @ )

(C) }._19.4 (D) F — 24—

Answer: B
R = p L/A. Greatest resistance is the longest, narrowest resistor.

Resistance
wire T | wie X Graphs

|55 |

The following diagram represents an electrical circuit containing two uniform resistance
wires connected to a

single flashlight cell. Both wires have the same length, but the thickness of wire X is twice
that of wire Y.

Which of the following would best represent the dependence of electric potential on
position along the length of

the two wires?
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vrive 2 wirs 5 4 wire T, 4
£ = £ £ = P
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A) B) O D) E)
Answer: E

Even though the wires have different resistances and currents, the potential drop across
each is

1.56 V and will vary by the same gradient, dropping all 1.56 V along the same length.
A current through the thin filament wire of a light bulb causes the filament to become
white hot, while the

larger wires connected to the light bulb remain much cooler. This happens because
(A) the larger connecting wires have more resistance than the filament.

(B) the thin filament has more resistance than the larger connecting wires.

(C) the filament wire is not insulated.

(D) the current in the filament is greater than that through the connecting wires.

(E) the current in the filament is less than that through the connecting wires.

In series circuits, larger resistors develop more power

Each member of a family of six owns a computer rated at 500 watts in a 120 V circuit. If
all computers are

plugged into a single circuit protected by a 20 ampere fuse, what is the maximum number
of the computers can

be operating at the same time?

(A)1(B)2(C)3 (D)4 (E)5ormore

Each computer draws [ = P/V =4.17 A. 4 computers will draw 16.7 A, while 5 will draw
over 20

A.

The product (2 amperes x 2 volts x 2 seconds) is equal to

(A) 8 coulombs (B) 8 newtons (C) 8 joules (D) 8 calories (E) 8 newton—amperes

Amperes = I (current); Volts =V (potential difference); Seconds =t (time): IVt = energy

Resistance

Safety device
Fuse
Power

Units



