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Simple Resistive Circuits

Assessment Problems

AP 3.1

10 0o

Start from the right hand side of the circuit and make series and parallel
combinations of the resistors until one equivalent resistor remains. Begin by
combining the 6 € resistor and the 10 € resistor in series:

60Q4+10Q =160

Now combine this 16 (2 resistor in parallel with the 64 (2 resistor:

(16)(64) 1024

= =12.80Q
16 + 64 80 i

16 Q|64 Q =
This equivalent 12.8 € resistor is in series with the 7.2 () resistor:

12802+ 720 =200

Finally, this equivalent 20 (2 resistor is in parallel with the 30 €2 resistor:

(20(30) _ 600 _ .

209|130 = =
| 20 + 30 50

Thus, the simplified circuit is as shown:

5_;; 120
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[a] With the simplified circuit we can use Ohm’s law to find the voltage across both
the current source and the 12 €2 equivalent resistor:

v=(12Q)(5A) =60V

[b] Now that we know the value of the voltage drop across the current source, we
can use the formula p = —vs to find the power associated with the source:

p=—(60V)(5A)=-300W
Thus, the source delivers 300 W of power to the circuit.

[c] We now can return to the original circuit, shown in the first figure. In this circuit,
v = 60V, as calculated in part (a). This is also the voltage drop across the 30 (2
resistor, so we can use Ohm’s law to calculate the current through this resistor:

60V

T 300

Now write a KCL equation at the upper left node to find the current ¢ :

—5A+ia+ip=0 o ip=5A—-14=5A—-2A=3A

(n =2A

Next, write a KVL equation around the outer loop of the circuit, using Ohm’s
law to express the voltage drop across the resistors in terms of the current
through the resistors:

—U + 7.22'3 + 6ic + 10ic =0
So  16ic=v—T72ig =60V — (7.2)(3) =384V

38.4
Thus ic=——=24A
16

Now that we have the current through the 10 {2 resistor we can use the formula
p = Ri? to find the power:

pioa = (10)(2.4)* =57.6 W

AP 3.2

25k E

200V

+ &

75k0 2

&
ol
t

[a] We can use voltage division to calculate the voltage v, across the 75 k€2 resistor:

75.000
(no load) = ) 200 V) = 150 V
vo(no load) = - 25,000( )




Problems 3-3

[b] When we have a load resistance of 150 k2 then the voltage v, is across the
parallel combination of the 75 k(2 resistor and the 150 k€2 resistor. First,
calculate the equivalent resistance of the parallel combination:

(75,000)(150,000)
75,000 + 150,000
Now use voltage division to find v, across this equivalent resistance:
o 50,000
50,000 + 25,000

[c] If the load terminals are short-circuited, the 75 k(2 resistor is effectively
removed from the circuit, leaving only the voltage source and the 25 k{2
resistor. We can calculate the current in the resistor using Ohm’s law:

75 kQ||150 k€ = = 50,000 Q = 50 k2

(200 V) = 133.3 V

200V
= ——=8mA
Bk o
Now we can use the formula p = Ri? to find the power dissipated in the 25 k{2
resistor:

Pask = (25,000)(0.008)* = 1.6 W

[d] The power dissipated in the 75 k{2 resistor will be maximum at no load since v,
is maximum. In part (a) we determined that the no-load voltage is 150 V, so be
can use the formula p = v?/R to calculate the power:

(150)2
75,000

p75k(max) = =03W

AP 3.3 600
Ay

+ 4082
240 v LR

8002z 4~

[a] We will write a current division equation for the current throught the 8052
resistor and use this equation to solve for R:

R
w00 = 20A) = 4A 20R = 4(R + 12
0 =m0 rson 0 0 20R=4(R+120)

Thus 16R = 480 and R = 41%0 =300
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[b] With R = 302 we can calculate the current through R using current division,
and then use this current to find the power dissipated by R, using the formula
p = Ri%:

40 +80

40480+ 30

[c] Write a KVL equation around the outer loop to solve for the voltage v, and then
use the formula p = —uvs to calculate the power delivered by the current source:

—0+(609Q)(20A) + (30Q)(16 A) =0  so v =1200+ 480 = 1680 V

in (20A)=16A  so  pg=(30)(16)> = 7680 W

Thus,  Peource = — (1680 V)(20 A) = —33,600 W

Thus, the current source generates 33,600 W of power.

AP 3.4 400 500
Ay Ay
+ o -
60V () 20002 3002 1002 £
700
02 [
Reu)

[a] First we need to determine the equivalent resistance to the right of the 40 €2 and
70 €2 resistors:
1 1 1 1 1

Re 200 7300 TG00 100

Req =209|30€2|(50 2 + 10 Q) SO

Thus, Req =10Q

Now we can use voltage division to find the voltage v,:

40
Vo = ————r
40+ 10+ 70
[b] The current through the 40 €2 resistor can be found using Ohm’s law:

v, 20V
g0=-——=—==05A
MO0 T 100
This current flows from left to right through the 40 (2 resistor. To use current
division, we need to find the equivalent resistance of the two parallel branches

containing the 20 €2 resistor and the 50 €2 and 10 €2 resistors:

(60 V) =20V

(20)(60)
20Q(502+10Q) = ———~ =151
I€ + ) 20 + 60
Now we use current division to find the current in the 30 €2 branch:

15
15430

300 (0.5 A) = 0.16667 A = 166.67 mA
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[c] We can find the power dissipated by the 50 €2 resistor if we can find the current
in this resistor. We can use current division to find this current from the current
in the 40 €2 resistor, but first we need to calculate the equivalent resistance of
the 20 €2 branch and the 30 €2 branch:

(20)(30)
20Q|302 = ———+= =12Q
| 20 + 30
Current division gives:
12
500 = ———— (0.5 A) = 0.08333 A
00 = 550 110 00 A

Thus,  psoo = (50)(0.08333)2 = 0.34722 W = 347.22 mW

AP 3.5 [a]
—=1
1viE 10002
We can find the current ¢ using Ohm’s law:
1V
= ——=0.01A=10mA
"= 1000 0.0 Om
[b]
@ﬂg
Il
5.555Q ||,
1
1w 1000 £
R, =508||5.5550Q =50
We can use the meter resistance to find the current using Ohm’s law:
1V
meas = ———~———= = 0.009524 = 9.524 mA
' 10002 +50 .
AP 3.6 [a] 1510
A
+
60v{H) v £75k0
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Use voltage division to find the voltage v:

75.000
_ ) 60 V) = 50 V
YT 75,000 + 15,000< )
15k
M
N 149,95k
60V(E) v 275k0

- 5002

The meter resistance is a series combination of resistances:
R,, = 149,950 + 50 = 150,000 €2

We can use voltage division to find v, but first we must calculate the equivalent
resistance of the parallel combination of the 75 k(2 resistor and the voltmeter:

(75,000)(150,000)
75,000 + 150,000

50,000
Thus,  Umess = ’ 60 V) = 46.15 V
e 50,000 + 15,000 0 V)

75,000 ©/|150,000 Q2 = — 50 k(2

[a] Using the condition for a balanced bridge, the products of the opposite resistors

must be equal. Therefore,

1000)(1
100R, = (1000)(150)  so R, = (()()1()385()) = 15000 = 1.5k

[b] When the bridge is balanced, there is no current flowing through the meter, so

the meter acts like an open circuit. This places the following branches in
parallel: The branch with the voltage source, the branch with the series
combination R; and Rs and the branch with the series combination of R and
R,. We can find the current in the latter two branches using Ohm’s law:

5V 5V
TR T 1000+ 1500 e =000 + 1500
We can calculate the power dissipated by each resistor using the formula
p = Ri%:
prooa = (1002)(0.02 A)* = 40 mW

pisoe = (150€2)(0.02 A)?* = 60 mW

2 mA

Proooe = (1000€2)(0.002 A)? = 4 mW
P1sooa = (1500€2)(0.002 A)?* = 6 mW

Since none of the power dissipation values exceeds 250 mW, the bridge can be
left in the balanced state without exceeding the power-dissipating capacity of
the resistors.
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AP 3.8 Convert the three Y-connected resistors, 20 €2, 10 €2, and 5 €2 to three A-connected
resistors R, Ry, and R.. To assist you the figure below has both the Y-connected
resistors and the A-connected resistors

50
VC‘D Ry 105 o
2 A

(5)(10) + (5)(20) + (10)(20)

R, = 50 =17.50Q
ry = QU+ G0+ 1020 _ 5
= QU TOCO + 006 _ o,

The circuit with these new A-connected resistors is shown below:

280

W

17.50a
VC‘D 320 §105 Q
24

From this circuit we see that the 70 2 resistor is parallel to the 28 () resistor:

(70)(28)
Q280 = ——= =200
709j28 70 + 28 0

Also, the 17.5 (2 resistor is parallel to the 105 €2 resistor:

(17.5)(105)

17.5Q||105Q =
750105 17.5 4 105

=150

Once the parallel combinations are made, we can see that the equivalent 20 2
resistor is in series with the equivalent 15 € resistor, giving an equivalent resistance
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of 20 €2 + 152 = 35 ). Finally, this equivalent 35 € resistor is in parallel with the
other 35 (2 resistor:

(35)(35)

Q350 =
3535 35+ 35

=17.50Q

Thus, the resistance seen by the 2 A source is 17.5 €2, and the voltage can be
calculated using Ohm’s law:

v=(175Q)(2A) =35V
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Problems

P 3.1 [a] The 62 and 12 (2 resistors are in series, as are the 9 €2 and 7 2 resistors. The
simplified circuit is shown below:

18£2
Ay

10V & 40z  16Q2=

[b] The 3 k€2, 5 k€2, and 7 k2 resistors are in series. The simplified circuit is shown
below:

4k L3

3mA T 10k = 15k

[e] The 300 €2, 400 €2, and 500 €2 resistors are in series. The simplified circuit is
shown below:

1200£2

200mV (&) 60002 2 1.2k =
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P3.2 [a] The 10£2 and 40 {2 resistors are in parallel, as are the 100 €2 and 25 €2 resistors.
The simplified circuit is shown below:

1802 82

Ay Ay

5V 2002 22003

[b] The 9 k2, 18 kS2, and 6 k{2 resistors are in parallel. The simplified circuit is
shown below:

5k

Ay

kO E
50maA (F 10kQ =

3k £

[c] The 600 €2, 200 €2, and 300 €2 resistors are in series. The simplified circuit is
shown below:

25002

0.2A0 1000z 1500=

P 3.5  Always work from the side of the circuit furthest from the source. Remember that
the current in all series-connected circuits is the same, and that the voltage drop
across all parallel-connected resistors is the same.

[a] Req =6+ 12+ [4]|(9+T7)] = 18 + (4]/16) = 18 + 3.2 =21.2Q
[b] Req =4k +[10k||3k+5k+T7k)]=4k+ (10k[[15k) =4k + 6k = 10 k2
[c] Req = (300 + 400 + 500) + (600(|1200) = 1200 + 400 = 1600 2



P3.6

P3.13

Problems 3-11

Always work from the side of the circuit furthest from the source. Remember that
the current in all series-connected circuits is the same, and that the voltage drop
across all parallel-connected resistors is the same.

[a] R., = 18 + (100]|25][(22 + (10]]40))) = 18 4+ (20]|(22 4+ 8) = 18 + 12 =302

[b] Req =10k||(k+2k+ (9k[|18Kk|[6k)) = 10k[[(Tk +3k) = 10k[[10k = 5 k2
[c] Req = 600]1200(|300]|(250 + 150) = 600(|200]|300(|400 = 80 2

[a] We can calculate the no-load voltage using voltage division to determine the

voltage drop across the 500 €2 resistor:

500
(2000 + 500)

[b] We can calculate the power if we know the current in each of the resistors.
Under no-load conditions, the resistors are in series, so we can use Ohm’s law
to calculate the current they share:

™V
7 =
2000 €2 + 500 €2

Now use the formula p = Ri? to calculate the power dissipated by each
resistor:

Pr, = (2000)(0.03)* = 1.8 W = 1800 mW

(75V) =15V

Vo =

=0.03 A =30mA

Pr, = (500)(0.03)* = 0.45 W = 450 mW
[c] Since R; and R carry the same current and R; > R; to satisfy the no-load
voltage requirement, first pick /?; to meet the 1 W specification

7515
>

, 60\ 2
IRy ,  Therefore, <R> R; <1

1

602
Thus, R, > =B or Ry >36001

Now use the voltage specification:

Ry
Ry + 3600

Thus, Ry = 9002

(75) = 15

R; = 16002 and Ry = 400 € are the smallest values of resistors that satisfy
the 1 W specification.
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P 3.14

P3.21

CHAPTER 3. Simple Resistive Circuits

Use voltage division to determine R, from the no-load voltage specification:

Ry
6V=-——"-(18V); SO 18 Ry = 6(Ry + 40
(RQ+40)( ) 2 = 6(F; +40)
240
Thus, 12Ry = 240 SO RQ:E:%Q

Now use voltage division again, this time to determine the value of R., the parallel
combination of R, and R;. We use the loaded voltage specification:

R,
4V=——-—-(18V 18R, = 4(40 + R,
(40 + Re)( ) 50 (40 + Fe)
1
Thus, 14R, = 160 o) R, = 1640 =11.439)

Now use the definition R, to calculate the value of R, given that Ry = 20 €

20R;,
R.=——F—=1143 20R;, = 11.43(R 20
01 R, S0 L (Rr +20)
226.8
Therefore, 8.57TRr, = 228.6 and R = 5T = 26.67 €2

Begin by using the relationships among the branch currents to express all branch
currents in terms of 7,:

i1 = 21y = 2(10i3) = 2014
19 = 1013 = 1014
i3 = iy

Now use KCL at the top node to relate the branch currents to the current supplied by
the source.

i1+i2+i3+i4:8mA
Express the branch currents in terms of 74, and solve for 74:

0.008
8mA = 2014 + 100y + t4 + 14 = 3214y e 1y = T 0.00025 = 0.25 mA
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Since the resistors are in parallel, the same voltage, 4 V appears across each of them.
We know the current and the voltage for R4 so we can use Ohm’s law to calculate Ry:

Vg 4V
=9 —_— '  _16kQ
Fy is  0.25mA 6

Calculate i3 from 74 and use Ohm’s law as above to find R3:

Uy 4V

=i, =025mA .. Ra=29—_"YV _16kQ
8=t m 3T U, 0.25mA

Calculate i from 4 and use Ohm’s law as above to find R5:

v 4V

o = 1074 = 10(0.25 mA) = 2.5 mA S Ry=-4 = = 1.6 kQ
iz = 10i4 = 10(0-25 mA) m 2= % T 25mA
Calculate i; from 7, and use Ohm’s law as above to find R;:
4V
i =20, = 20025 mA) =5mA .. Ri=2=_"" —8000Q
11 5 mA

The resulting circuit is shown below:

+
g mAG>4V
- 800 & 16 ko 16 kg 16 ki

P3.22 [a] 120 3002
=K Ay Ly
+ +
40V=240 Via 2180
100
be A,

Using voltage division,
18

- m(40) = 15 V positive at the top

V180

[b]
1202 3002

Ay —
<—1an

240 2180
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[c]

[d]

CHAPTER 3. Simple Resistive Circuits

Using current division,

24

- m(60 x 107?) = 20 mA flowing from right to left

1300

1.2k0
ae Ay
—= Omp,

iSDk
24k £30k0Q E60kQ £7.2k0) £2.4k0

OmA
be =

20

The 9 mA current in the 1.2 k€2 resistor is also the current in the 2 k€2 resistor.
It then divides among the 4 k{2, 30 k€2, and 60 k¢ resistors.

4 kQ||60 kQ = 3.75 kQ

Using current division,

3.75 k

fa ko = m(Q x107)=1mA, flowing bottom to top

1.2k0
=5 My
+ +
50VE4k0)  =30k0Q TE0kQ 7.2kQE Ve E 2.4k0
2k 0
he Ay

The voltage drop across the 4 k) resistor is the same as the voltage drop across
the series combination of the 1.2 k€2, the (7.2 k||2.4 k)2 combined resistor,
and the 2 k2 resistor. Note that

7200)(24
7.2k[24k = M = 1.8 k2
9600
Using voltage division,
1800

o 50) = 18 V positive at the t
v 1200+1800+2000( ) positive at the top



P323 [a]

[b]

[c]

Problems 3-15

180
A
+ vy —
50 90)
2 e, A
+
300 20.1V £200 50
20 100
he Al Ay

First, note the following: 18||9 = 6 2; 20||5 = 4 2; and the voltage drop across
the 18 () resistor is the same as the voltage drop across the parallel combination
of the 18 €2 and 9 () resistors. Using voltage division,

6
v, = — (0.1 V) = 30 mV positive at the left
*=s3ar101V P
a0
A,
2 .50 gLl 5L
a e A, Ay Ay
+
200 + ile!
262 TSQ§EDV et v
3.40 11.250 100
b e Ay A, Ay

The equivalent resistance of the 5 €2, 15 €2, and 60 €2 resistors is
R. = (5+15)||60 = 152

Using voltage division to find the voltage across the equivalent resistance,
15

15410

Using voltage division again,
15

o+ 15

VR, (10) =6V

(6) = 4.5 V positive at the top

Vo =

302
Ay

60 1
v ke
1.50

it
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Find equivalent resistance on the right side

(12)(5+ 3)
(124 3+5)

Find voltage bottom to top across R,

(10)(3) =30V

R, =52+ =109

Find the equivalent resistance on the left side

(40)(45 + 15)
(40 + 45 + 15)
The current in the 6 €2 is

30
lg o = 3= 1 A left to right

R, = =300

Use current division to find 7,

40
=) (" ) =04A bottomtot
' (><40+15+45> erom o iop

P 3.31 [a] The model of the ammeter is an ideal ammeter in parallel with a resistor whose
resistance is given by

100 pV
Ry = = 10€.
10 nA
We can calculate the current through the real meter using current division:
10/99 10 1
iy = #(imeag - 7(imeas) - 77:meas
10 + (10/99) 990 + 10 100
100 uV
b] R, = =10€.
[b] 10 nA
(100/999,990) (o) 1 (imenc)
by = tmeas) = tmeas
10 + (100/999,990) 100,000
[e] Yes

P 3.34  For all full-scale readings the total resistance is

full-scale reading
103

RV + Rmovement -

We can calculate the resistance of the movement as follows:

20 mV
movement — =200
R * 1 mA 0

Therefore, Ry = 1000 (full-scale reading) — 20

[a] Ry = 1000(50) — 20 = 49,9802
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[b] Ry = 1000(5) — 20 = 4980
[e] Ry = 1000(0.25) — 20 = 230
[d] Ry = 1000(0.025) — 20 = 5

P349 [a] ]
— .
2000 775\009
Vo
a0 0 R,

The condition for a balanced bridge is that the product of the opposite resistors
must be equal:
(500)(800)
200
[b] The source current is the sum of the two branch currents. Each branch current
can be determined using Ohm’s law, since the resistors in each branch are in
series and the voltage drop across each branch is 6 V:
B 6V n 6V
© 2009248009 5002 + 2000
[c] We can use current division to find the current in each branch:
. 500 + 2000
Neft =
" 500 + 2000 + 200 + 800

lright = 8.4 MA — 6 mA = 2.4 mA

(200)(R,) = (500)(800)  so R, = = 2000

= 8.4 mA

is

(8.4 mA) = 6 mA

Now we can use the formula p = Ri? to find the power dissipated by each
resistor:

pa0oo = (200)(0.006)> =7.2mW  pggo = (800)(0.006)* = 28.8 mW
psoo = (500)(0.0024)% = 2.88 mW  paggo = (2000)(0.0024)* = 11.52 mW

Thus, the 800 €2 resistor absorbs the most power; it absorbs 28.8 mW of power.

[d] From the analysis in part (c), the 500 2 resistor absorbs the least power; it
absorbs 2.88 mW of power.
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P 3.53 Begin by transforming the Y-connected resistors (10 €2, 40 €2, 50 €2) to A-connected
resistors. Both the Y-connected and A-connected resistors are shown below to assist
in using Eqs. 3.44 — 3.46:

Now use Eqgs. 3.44 — 3.46 to calculate the values of the A-connected resistors:

(40)(10) . (50)(10)

_ _ 3 B (40)(50)
T 10440450 7 TP T 104+40+50

= —————=200Q
10 440 + 50

1

59, Rg

The transformed circuit is shown below:

15 0
— Wy

—
] +
+ 2
24 y 204
- ) 1 | ¥

The equivalent resistance seen by the 24 V source can be calculated by making
series and parallel combinations of the resistors to the right of the 24 V source:

Req=(1545)[[(4+1)+20=20]|5+20 =4+ 20 =24Q
Therefore, the current 7 in the 24 V source is given by

24V

— 1A
240

]
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Problems 3-19

Use current division to calculate the currents 7; and i,. Note that the current ¢; flows
in the branch containing the 15 (2 and 5 2 series connected resistors, while the
current 75 flows in the parallel branch that contains the series connection of the 1 €2
and 4 2 resistors:

1+4 , 5

_ _ 2 1A =02A d  i,—1A—02A=08A
TTari =514 o ane

i1

Now use KVL and Ohm’s law to calculate v;. Note that v, is the sum of the voltage
drop across the 4 € resistor, 415, and the voltage drop across the 20 €2 resistor, 20i:

vy = 4iy +20i = 4(0.8 A) +20(1 A) = 3.2+20 =232V

Finally, use KVL and Ohm’s law to calculate v,. Note that vs is the sum of the
voltage drop across the 5 €2 resistor, 5¢;, and the voltage drop across the 20 2
resistor, 201:

vg =5i1 +20i =5(0.2A)+20(1A)=1+20=21V
[a] Calculate the values of the Y-connected resistors that are equivalent to the

102,40 €2, and 502 A-connected resistors:

R = 10060 o __(409)(50)
X7 10440450 7 T 104+40+50

_ o) o
10 + 40 + 50

Ry 20 Q;

Ry

Replacing the Ro—R3— R, delta with its equivalent Y gives
130

W

Now calculate the equivalent resistance R,;, by making series and parallel
combinations of the resistors:

Rap = 13454 [(4+8)[(20 + 4)] + 7 = 330
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[b] Calculate the values of the A-connected resistors that are equivalent to the

8€2,10¢2, and 40 2 Y-connected resistors:
(10)(40) + (40)(8) + (8)(10) 800

Ry = g =5 =1000
S (10)(40) + (4?3(8) +(8)(10) _ 81000 200
_(10)(40) + (40)(8) + (8)(10) _ 800
iz = 40 = V¢

Replacing the Ry, Ry, R5 wye with its equivalent A gives

Make series and parallel combinations of the resistors to find the equivalent
resistance R,:

10095002 = 33.33Q;  80Q|4Q =3.810Q
100]|50 + 80||4 = 33.33 + 3.81 = 37.14Q

 (37.14)(20)
37.14[20 = = = = 130

Ryp=13+13+7=330Q

[c] Convert the delta connection ,—Rs;— R to its equivalent wye.
Convert the wye connection Rs—R,— g to its equivalent delta.

P 3.55 Replace the upper and lower deltas with the equivalent wyes:

(50)(10) . (50)(40) _ o0y, o (40)(10) _
Rag =~ 50 = 50 Roy = 57 = 209 Ryy = = 0= = 49

(60)(10) o (60)(30) oo 5 (30)(10)
Rup = 0= = 6Q; Ry, = —— 00 = 18Q; Ryr, =~ 5 = 30
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The resulting circuit is shown below:

3 /\\/\/\V 20

Ba
40 §3m

50
00

g @

Now make series and parallel combinations of the resistors:

(4+6)]/(20 + 32 4 20 + 18) = 10|90 = 9

Ry =33+54+9+3+40=900Q
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