Chépter 23: Series and Parallel Circuits

Practice Problems
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1. There are three 20-Q resistors connected in
series across a 120-V generator.

a. What is the effective resistance of the
circuit?

R =R, +R,+R,
=20Q+20Q+20Q
=60 Q
b. What is the current in the circuit?
I=V/[R = (120 V)/(60 Q) =20 A
2. A 10-Q resistor, a 15-Q resistor, and a 5-Q
resistor are connected in series across a 90—V
battery.

a. What is the effective resistance of the
circuit?

R=10Q+15Q+5Q=30Q
b. Wﬁat is the current in the circuit?
I'=V/R =0 V)/(30 Q) =30 A
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3. Consider a 9~V battery in a circuit with three
resistors connected in series.

a. If the resistance of one of the devices
increases, how will the series resistance
change?

It will increase.
b. What will happen to the current?

I = VIR, so it will decrease.

c. Will there be any change in the battery
voltage? .

No. It does not depend on the resistance.
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4. Ten Christmas tree bulbs connected in series

have equal resistances. When connected to
120-V outlet, the current through the bulbs is
0.06 A.

a. What is the effective resistance of the
circuit?

R = V[I = (120 V)/(0.06 A) = 2000 Q
b. Wha; is the resistance of each bulb?

2000 ©Q/10 = 200 Q
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5. A 20.0-Q resistor and a 30.0-Q resistor are

connected in series and placed across a 120-V
potential difference.

a. What is the effective resistance of the
circuit?

R =200Q+300Q=500Q
b. What is the current in the circuit?
I =V/R = (120 V)/(50.0 Q) = 2.40 A

c. What is the voltage drop across each
resistor?

V = IR. Across 20.0 Q-resistor,
V = (2.40 A)(20.0 Q) = 48.0 V.
Across 30.0 Q-resistor,

V=(240 A)(300 Q) =720V

d. What is the voltage drop across the two
resistors together?

V=480V +720V=120V

6. Three resistors of 3.0 kQ (3.0 X 10 Q),

5.0 kQ, and 4.0 kQ are connected in series
across a 12-V battery.

a. What is the effective resistance?

R =3.0kQ + 50 kQ + 4.0 kQ = 12.0 kQ
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b. What is the current through the resistors?

I = VR = (12 V)/[(12.0 kQ)

1.0 mA =10 X 10° A

c. What is the voltage drop across each
resistor?

V = IR,
soV=30V,50V,and 40V

d. Find the total voltage drop across the three
resxstors
V=30V+50V+40V
120 V

7. A student makes a voltage divider from a 45-V
battery, a 475-kQ (475 X 10° Q) resistor, and a
235-kQ  resistor. The output voltage is
measured across the smaller resistor. What is
the voltage?

V, = VR/®R, + R
(45 V)(235 k.Q)/(475 kQ + 235 kQ)
15V
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8. A photoresistor is used in a voltage divider as
Rz. V=9.0Val'ldR1=500 Q.

a. What is the output voltage, V, across R,,
when a bright light strikes the photoresistor
and R, = 475 Q?

Vo, = VR,/(R, + Ry)

(9.0 V)(475 Q)/(500 Q + 475 Q)

44V

b. When the light is dim, R, = 4.0 kQ. What
is V,?
Vz VRz/(Rl + Rz)
(9.0 V)(4.0 kQ)/(0.50 kQ + 4.0 kQ)
=80V

c. When the photoresistor is in total darkness,
= 040 MQ (040 X 105 Q). What is
V?

V, = VR /R, + R)
_ (9.0 V)(4.0 X105 Q)
T (0.005 X 10°Q+4.0X 10°Q)
=90V
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9. Three 15-Q resistors are connected in parallel
and placed across a 30—V potential difference.
a. What is the equivalent resistance of the
parallel circuit?
1/R 1/R, + 1R, + 1/R,
3/15 Q,R =5.0Q

b. What is the current through the entire
circuit?

I'=VR = (30 V)/(50 Q) =60 A

c. What is the current thi'0ugh each branch of
the parallel circuit?

I'=V[R =30V)/(150Q) =20 A
10. A 12.0-Q resistor and a 15.0-Q resistor are

connected in parallel and placed across the
terminals of a 15.0-V battery.

a. What is fhe equivalent resistance of the
parallel circuit?

1/R = 1/15.0 Q + 1/12.0 Q, so
R =6.67 Q

b. What is the current through the entire
circuit?

I=V[R = (150 V)/(6.67 Q) = 2.25 A

c. What is the current through each branch of
the parallel circuit?

I = VIR = (15.0 V)/(15.0 Q)
= 1.00 A, (15.0 V)/(12.0 Q)
=125 A
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11. A 120.0-Q resistor, a 60.0-Q resistor, and a
40.0-Q resistor are connected in parallel and
placed across a potential difference of 12.0 V.

a. What is the equivalent resistance of the
parallel circuit?

1/R = 1/120.0 Q + 1/60.0 Q + 1/40.0 Q,
R =200 Q
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b. What is the current through the entire
circuit?

I = V/R
= (12.0 V)/(20.0 Q)
= 0.600 A

c. What is the current through each branch of
the parallel circuit?

I = VIR = (12.0 V)/(1200 Q)
= 0.100 A, (120 V)/(60.0 Q)

= 0.200 A, (12.0 V)/(40.0 Q)
= 0.300 A

Suppose the 12.0-Q resistor in Practice Problem
10 is replaced by a 10.0-Q resistor.

a. Does the equivalent resistance become
smaller, larger, or remain the same?

Smaller.

b. Does the amount of current through the‘

entire circuit change? in what way?
Gets larger.

c. Does the amount of current ﬂxrough the
15.0-Q resistor change? in what way?

No. It remains the same. Currents are
independent.

page 484

13.

242

Two 60-Q resistors are connected in parallel,
This parallel arrangement is connected in series
with a 30-Q resistor. The combination is then
placed across a 120-V potential difference.

a. Draw a diagram of the circuit.

60 Q
R |
R, 30Q
R, R,
60 Q

—] 1| —
S, 120¥
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b.

What is the equivalent resistance of the
parallel portion of the circuit?

TP RER LA
R oot o-"&o
R=6g—ﬂ=30(2

What single resistance could replace the
three original resistors?

Rg=30Q+30Q=60Q

What is the current in the circuit?

What is the voltage drop across the 30-Q
resistor?

Vi=1IR; = 20)30 Q) = 60 V

What is the voltage drop across the parallel
portion of the circuit?

V=1IR = (20 A)30 Q) = 60 V

What is the current in each branch of the
parallel portion of the circuit?

Three 15-Q resistors are connected in parallel.
This arrangement is connected in series with a
10-Q resistor. The entire combination is then
placed across a 45-V difference in potential.

a. Draw a diagram of the circuit.

15Q
AN, '
15Q 10Q
ANA- M
15Q
AN

it
45V




Practice Problems ".Chapter Review Problems

b. What is the equivalent resistance of the c. What is the voltage drop across each lamp?
parallel portion of the circuit? e

V=IR = (20 A)20.0 Q) = 40 V

b TENEAE | PR B il DR V=IR=Q20AG50Q =10V

R=15°Q 1500 150 - 15:-Q

150 d. What is the power dissipated in each lamp?

P=1IV=(20A)40V)=80W

c. What is the equivalent resistance of the PelV=@0A(0V)=20w

ntirc circuit? ; ; ; .
entre circuit 2. Three identical lamps are connected in series to

a 6.0-V battery. What is the voltage drop

Reg=5Q+10Q=15Q across each lamp?
d. What is the current in the entire circuit? Since each lamp is identical to the others, they
will each have the same voltage drop of
Vv 45V : :
e cmanitA 9(3’—V=2.ov.

e. What is the voltage drop across the 10-Q

. 3. The load across a 12-V battery consists of a
resistor?

series combination of three resistors of 15 Q,
V=1IR =30 A)10 Q) =30 V 20, w24 0,
2 ; 9

15. Suppose you are given three 68-Q resistors. a. What is the total resistance of the load!
You can use them in a series, parallel, or

series—parallel circuit. Find the three different R=Ro# R +R =150 + 21 0.4 0

resistances you can produce in the circuit. =60 Q"
- . Z o
Series: 68 Q + 68 Q + 68 Q = 204 O, b. What is the current in the circuit?
Parallel: 68 /3 = 23 Q, V. iy i
Series Parallel: 68 Q + 68 /2 = 102 Q I= Rerg ™ 020 A .,

4. The load across a battery consists of two
resistors connected in series with values - of
15 Q and 45 Q.

Chapter Review Problems a. What is the total resistance of the load?

page 488-489 : R=R +R,=15Q+45Q =60 Q |

. A 200-Q lamp and a 50-Q lamp are
connected in series and placed across a
. difference in potential of 50 V.

b. What is the voltage of the battery if the
current in the circuit is 0.10 A?

a. What is the effective resistance of the V=IR = (60 Q)0.10 A) = 6.0 V

St
SN 5. A lamp having a resistance of 10 Q s
2000 +50Q =250 O connected across a 15-V battery.

b. What is the current in the circuit? 2. What i the Curreat through ‘the larp?

V 15V !
V_ 50V V=II?’SOI=R=1_O—Q=1.5A 1
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b. What resistance must be connected in series
with the lamp to reduce the current to
0.50 A?

The total resistance is given by V = IR, so

%4 15V
s A U

And R = R, + R,, so

Ry=R-R, =30Q-10Q0=200Q

A string of eighteen identical Christmas tree
lights are connected in series to a 120-V
source. The string dissipates 64 W.

a. What is the equivalent resistance of the light
string?

P ]V,SO]="—/=W=O.53ARH(1
V 120V
V—IR SOR—T—m=2.3XIOZQ

b. What is the resistance of a single light?

R is sum of resistances of 18 lampé, )
each resistance is (230 Q)/18 = 13 Q.

c. What power is dissipated by each lamp?

(64 W)/18 = 3.6 W

One of the bulbs in the previous problem burns
out. The lamp has a wire that shorts out the
lamp filament when it burns out.
the resistance of the lamp to zero.

a. What is the resistance of the light string
now?

There are now 17 lamps in series instead of
18 lamps. The resistance is

%(2.3 X 107 Q) = 2.2 X 102 Q

b. Find the power dissipated by the string.

|4 120 V
LR ey

P =1V = (0.55 A)(120 V) = 66 W

c. Did the power go up or down when a bulb
burned’ out? - #

It increased!

Chapter 23

This drops

Series and Parallel Circuits

Chapter Review Problems

8.

10.

A 75.0-W bulb
source.

is connected to a 120-V

a. What is the current through the‘ bulb?

P 75.0W
P=W,SOI=‘7—W_O625A

b. What is the resistance of the bulb?

Vv 120 V

T=065 A~ 12¢Q

V=IR, soR =

Cc. A lamp dimmer puts a resistance in series
with' the bulb. What resistance would be
needed to reduce the current to 0.300 A?

R = R_1 + R,, so
R,=R-R, =400 Q-192 Q =208 Q

In the previous problem, you found the
resistance of a’ lamp and a dlmmer resistor.

a. Assuming the resistances are constant, find
the voltage drops across the lamp and the
resistor.

V = IR = (0.300 A)(192 V) = 57.6 V
V=IR= (0.3OQ A)(208 V) = 62.4 V

b. Find the power dissipated by the lamp.

P =1V = (0300 A)S7.6 V) =173 W
c. Fmd the power d1ss1pated by the dimmer
resistor.
P =1V = (0300 A)(62.4 V) = 18.7 W
Amy needs 5.0 V for some integrated circuit
experiments. She uses a 6.0-V battery and two
resistors to make a voltage divider. One
resistor is 330 Q. She decides to make the
other resistor smaller. -~ What " value should it
have? :
Vo= R, + R,
the voltage across R, is larger than that across
R,, so R, > R,.

Since V, is more than half V,

_(6.0V)(330Q)
£ 50V
= 66 Q

- 330.Q
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Pete is designing a voltage divider using a

- 12.0-V battery and a 100-Q resistor as R,.

What resistor should be used as R, if the output
voltage across R, is to be 4.00 V?

VR, VR,
V, = R—x R,orR1+Rz--—-R2,
_VR, (12.0 V) (100 Q)
R‘__Vz R, = 700V - 100 Q

=200 Q

A typical television dissipates 275 W when
connected to a 120-V outlet.

a. Find the resistance of the television.

2
P--IVandI-Z soP-VT,or

R’
2 oW, (190 ¥R
R = P -W—SZAQ

b. The television and connecting wires, with a
resistance of 2.5 Q, form a series circuit
that works like a voltage divider. Find the
voltage drop across the television.

VR, _ (120 V)(52.4 Q)
R +R, 524 Q+2.5 Q

115V

V1=

c. A 12-Q hair dryer is now plugged into the
same outlet. Find the equivalent resistance
of the two appliances.

d. Find the voltage drop across the television
and hair dryer combination. The lower
voltage explains why the television picture
sometimes shrinks when another appliance is
turned on.

VR, (120 V)(9.8 Q)

e TR " 93005 0"

=9V

Three identical lamps are connected in parallel
to each other and then connected to a 6.0-V
battery. What is the voltage drop across each
lamp?

In parallel circuits, the voltage drop across each
branch are the same, in this case 6.0 V.

Chapter Review Problems

14.

15.

Chapter 23

A 16.0-Q and a.20.0-Q resistor are connected
in parallel. A difference in potential of 40.0 V
is applied to the combination.

a. Compute the equivalent res1stance of the -

parallel cifcuit. e

L2, bl il ]

R™R, "R, 1600 ™ 20.0Q
1

X =dmma-tea

b. What is the current in the circuit?

c. How large is the current through the 16.0-Q
resistor?

During a laboratory exercise, you are supplied
with the following apparatus: a battery of
potential difference V, two heating elements of
low resistance that can be placed in water, an
ammeter of negligible resistance, a voltmeter of
extremely high resistance, wires of negligible
resistance, a beaker that is well-insulated and
has negligible heat capacity, 100.0 g of water
at 25°C,

a. By means of a diagram using standard
symbols, show how these components should
be connected to heat the water as rapidly as
possible. '
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b. If the voltmeter reading holds steady at
500V and the ammeter reading holds
steady at 5.0 A, estimate the time in
seconds required to completely vaporize the
water in the beaker. Use 4200.J/kg:C° as
the specific heat of water and
230 X 10° J/kg as the heat of vaporization
of water, '

AQ = mcAT = (100.0 g)(4.2 J/g-C°)(75 C°)
J

= 32 000
AQ = mL, = (100.0 g)(2300 J/g)
= 230 000 J
AQuw =32 000 J + 230 000 J
= 260 000 J

Energy is provided at the rate of
P =1V = (50 A)50.0 V) = 250 J/s

; gose 260000 7
The time required is ¢ = 2350 175

1.0 X 10® s

A circuit contains six 240-Q lamps, 60-W
bulbs, and a 10.0-Q heater connected in
parallel.  The voltage across the circuit is
120 V. What'is the current in the circuit

a. when four lamps are turned on?

Lo g Lol 1
R Ry Ri TRy R,

R CHETy ks ey |
T240Q7240Q 7200 T 200
_Lso

T20Q
R=202_o ¢

4

V 120V
I—k‘—m—z.OA

L6
R ™ 240Q
rR=208_ a0

6
SV 10N,
I'=g=20g =304
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c. if all six lamps and the heater are
operating?
1o alii oy g
RA0QT1000"2300
R=32_¢sg
5
V_ 120V
I=p®goa-154

17.

d. If the circuit has a fuse rated at 12 A, will
it melt if everything is on?

Yes.
fuse.

The 15-A current will melt the 12-A

Determine the reading of each ammeter and
each voltmeter in Figure 23-18.

l‘\NV‘-I

10Q Y/,

_—
300
300
300

450V

The three resistors in
resistance of

1 1 1 1

parallel have a total

BROEYR TR
e i O
3000 73000 3000
RB=10.0Q-

The total resistance of the circuit is
RT=R1 +RE= 10.09+ l0.0Q=20.0Q

_V _450vV

Vi=1R, = (225 A)X(100 Q) =225 V

Because the ammeter has an internal resistance
of almost zero,

V=Vy =450V -V, =450V - 225V

=225V
VSN ,
zz-R—z_m_o.jsOA



Chapter Review Problems

18. Determine the power used by each resistance
shown in Figure 23-18.

Some information is from the previous problem.
See figure from Problem 17.

In the 10-Q resistor,

Py =1V, = (225 A)(22.5 V) = 506 W

In each of the 30-Q resistors the power will be
equal to

P =1V = (0750 A)(22.5 V) = 169 W.

19. A typical home circuit is diagrammed in
Figure 23-19. Note that the lead lines to the
kitchen lamp each have very low resistances of
0.25 Q. The lamp has a resistance of 240.0 Q.
Although the circuit is a parallel circuit, the
lead lines are in series with each of the
components of the circuit.

Kitchen light
240 Q Power saw 14
T
0.25Q - -’V

Switch box 120 V Wall outlets

a. Compute the effective resistance of the
circuit consisting of just the light and the
lead lines to and from the light.

R=025Q+025Q+240 Q=240 Q

b. Find the current to the bulb.

¢. Find the power rating of the bulb.
P =1V = (0.50 A)(120 V) = 60 W

d. Since the current in the bulb is 0.50 A, the
current in the lead lines must also be
0.50 A. Calculate the voltage drop due to
the two leads.

V =1IR = (0.50 A)(0.50 Q) =025V

Chapter Review Problems

20. A power saw is operated by an electric motor.
When the electric motor is first turned on, it
has a very low resistance. Suppose that the
kitchen light discussed in the previous problem
is on and a power saw is suddenly turned on.
The saw plus the lead lines have an initial total
resistance of 6.0 Q.

a. Compute the effective resistance of the
light-saw parallel circuit.

SR SRR Ty

R=200 " 600

R=59Q

R =59Q+025Q+025Q=640

c. What is the total voltage drop across the
two leads to the light?

V=IR=(19 A0.50 Q) =9.5 V

d. What voltage remains to operate the light?
Will this voltage cause the light to dim
temporarily? ;

V=120V-95V=110V
Yes, this will cause a momentary dimming.

Supplementary Problems (Appendix B)
1. The load across a 50.0-V battery consists of a

series combination of two lamps with resistances -
of 125 Q and 225 Q.

a. Find the total resistance of the circuit.
Ri=R, +R,=125Q +225Q =350 Q
b. Find the current in the circuit.

V_50.0V _
V=IR,SOI=E=W—O.143A
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c. Find the potential difference across the
125-Q lamp.

V=IR = (0143 A)(125 Q) = 179 V

2. The load across a 12-V battery consists of a
series combination of three resistances that are
15 Q, 21 Q, and 24 Q respectively.

a. Draw the circuit diagram.v

15Q
12v— 21Q

24Q

b. What is the total resistance of the load?

=60 Q
c. What is the magnitude of the circuit
current?
Vv 12V :
V—IR, SOI—E—m—0.20A

3. The load across a 12-V battery consists of a
series combination of three resistances Ry, R,
and R;. R, is 210 Q, R, is 350 Q and R, is
120 Q.

a. Find the equivalent resistance of the circuit.
RT = Rl + Rz + R3
=210 Q2 +350 Q + 120 Q
= 680 Q

b. Find the current in the circuit.

V = IR, so
V.12V 2K
I-E—m-l.SXIO'A-IS‘mA

c. Find the potential difference across R,.

V=IR=(18 X102 A)(120 Q) = 22 V
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4. The load across a 40-V battery consists of a
series combination of three resistances, Ry, R,,
and Ry, R, is 240 Q, and R, is 120 Q. The
potential difference across R, is 24 V.

a. Find the current in the circuit.

V=IR,sol=01=2Y _010a

b. Find the equivalent resistance of the circuit.

= ' VM) N
V—IR,SOR—I—m—4(X)Q

c. Find the resistance of R,

Ry =R, + R, + R,, so

R, =Ry - R, - R,
=400 Q - 240 Q - 120 Q
=40 Q

5. Pete is designing a voltage divider using a
120-V battery and a 100-Q resistor as R,.
What resistor should be used as R, if the output
voltage is 4.75 V?

_ VR, -
V, = m, so (R, + RY)V, = VR, and

RV, = VR, — V,R,, s0

V=il o [120 =475

153 Q

6. Two resistances, one 12 Q and the other 18 Q,
are connected in parallel. What is the
equivalent  resistance  of  the parallel
combination? ~

1
12 Q

s SR SR | 1 *
E R—1+R-—2 +ﬁ,SOR—7.20

7. Three resistances of 12 Q each are connected

in parallel. What is the equivalent resistance?

L ligali B i ST

RRI "Ry 'Ry 120120 100
3 1

_——-129_4.00,50R—4.OQ



Supplemental Problems

10.

Two resistances, one 62 Q and the other 88 Q,
are connected in parallel. The resistors are
then connected to a 12 V battery.

a. What is the equivalent resistance of the
parallel combination?

LNR e W LT |
R R, "R, 62Q 88 Q’
SOR =36 Q

b. What is the current through each resistor?

V=IR,SOI=E=m=019A
V 12V
"E'M‘O'MA

A 35 Q, 55 Q and 85 Q resistor are connected
in parallel. The resistors are then connected to
a 35 V battery. ‘

a. What is the equivalent resistance of the
parallel combination?

LA S R SR R e
RO TR IR "Bt 8o
1

g5 o %

R=17Q

b. What is the current through each resistor?

V = IR, so IX_RK-;:‘?—X=IOA
1
V 35V
Iz—R—z—m-o.MA
V 35V
13—R—3 m—OAlA

A 110 V household circuit that contains a
1800 W microwave, a 1000 W toaster, and a
800 W coffee maker is connected to a 20 A
fuse. Will the fuse melt if the microwave and
the coffee maker are both on?

P =1V, so
P 1800 W . :

I= VETov = 164 A (mlcrqwave)
P800 W

I= V0OV = 727 A (coffee maker)

Total current of  23.7 A is greater than
20 A so the fuse will melt. ;

“ Supplemental Problems

11.

Chapter 23

Resistors R, R,, and R, have resistances of
15.0 ©, 9.0 Q, and 8.0 Q respectively. R, and
R, are connected in series and their combination
is in parallel with R; to form a load across a
6.0 Volt battery.

s

a. Draw the circuit diagram.

b. What is the total resistance of the load?

Ry +Ry=150 Q + 90 Q = 240 Q
R I L R
Ry "Ry, Ry 240Q 7 30Q
RT=6.0Q '

c. What is the magnitude of the circuit
current? ‘ v

V 60V
V—IR,SOI—E—m—l.OA

d. What is the current in R,?

e. What is the potential difference across R,?

IT = Iz + Ig, SO
L=L-I;=10A-075A

= 0.25 A and
Vo = LR, = (025 A)9.0 Q) = 23 V

Series and Parallel Circuits 249




~ Supplemental Problems Supplemental Problems

12. A 150 Q resistor is connected in series to a | 15. An ohmmeter is made by connecting a 6.0 V
120 Volt generator and two 10.0 Q resistors battery in series with an adjustable resistor and
that are connected in parallel to each other. an ideal ammeter, The ammeter deflects

full-scale with a current of 1.0 mA. The two
a. Draw the circuit diagram., £ leads are touched together and the resistance is

adjusted so 1.0 mA current flows.

a. What is the resistance of the adjustable

resistor?
120V
V = IR, so
Rulo OOV _ s iva

I " 10X10-3A

b. The leads are now connected to an unknown
resistance. What external resistance would
produce a reading of 0.50 mA, half

— ?
b. What is the total resistance of the load? full-scale?

4 6.0 V
G e e SO R=Z= o2l 1212 X 104 Q and
R, R 'R, 1000 * 000~ 500 I~ 050X 107A

Ry =R, + R, so

SO Ry, = 5.0 Q T e e 3
Ri=Ry+Ry,=150Q+ 50 Q=2000Q o S Rhr 2 Ry ;é-%(xwlgo‘ﬂﬂ 6.0 X 10° Q

C- What is the magnitude of the circuit c. What external resistance would produce a

Gurtent; reading of 0.25 mA, Quarter—scale?

V 120V
V=IR,s0l =—-=-"—"—=600 A o Ve 6.0V g

R 20.0Q R-T-m-ZAXIO‘Qand

d. What is the current in one of the 10.0 Q R,=Rr-R =24X100Q-60X10° Q

resistors? =18 X 10* Q
The current would divide equally, so d. What external resistance would produce a
3.00 A. reading of 075 'mA, three—quarter

full-scale?
€. What is the potential difference across

15.0 Q resistor? 6.0V

o = 3
R"I'O.75><10-3A_8'0xm Qanq
= R

V =1IR = (600 A)(15.0 Q) = 90.0 V

R, T—R[=8.OXI039—6.0><1039

13. How would you change the resistance of a =20x10°Q

voltmeter to allow the voltmeter to measure a
larger potential difference?

Increase the resistance.
14. How would you change the shunt in an
ammeter to allow the ammeter to measure a

larger current?

Decrease the resistance of the shunt.
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