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CHAPTER 1—PROBLEM
SOLUTIONS

. vV 1oV
1.1 (o) f =— =—— = 1} mA I
R 1k
B wet=l0Y 50
! 1 mA
() V=fR=10mA x 10 kil = 100 V I
{d) LS|4 = (.1 A

L
R 100 02

Note: Volis, milliamps, and kilo-ohms constitute a

consistent set of units

12 () P=PR=00x 10 x 12100 =00 W

Thus, & sheuld have o 1-W atng

' ) PePR=@OX 10 x 1 x107=16W
| Thus, the resistor should have a 2-W rating
| () PelPR=3% 1079 w10 % 10" = 0.00 W

Thus, the resistor should have a ' W orating,

| () PefRe{dx 0P x10x 100 =016 W
Thus, the resistor should bave o LW rating
(o) P= VYR =201 % 10" =04 W
Phis, the resistor should have a =W rating

() E= VR =113 = 10 = 0121 W




Thus, a rating of ! W should thecretically
though "1 W would be prodent o allow for cor

tolerances and measurcimen] errors.
1.3 {a) ||'—|'{l.'—-.'illr||,-‘-.‘f:kil— 10V
PeFR={10mA)" =% 1 kil= 100 mW

(b R=VA= 10V mA =10 kil
P=VI=10V 21 mA=10mW

ey fe PPVl WADY =01 A
R=WI=10VN0.1 A= 1000

(d V=PT7=01 W0 mA = 100 mW A0 mA = 10V
R=VA=10V10 mA =1 k2

et P=PR=1=JP/R
J= 1000 mW/1 kil =316 mA
Ve ff=3lomAx]l kii=316V

Note: V. omA, kL2, and mW constitule a consistent sel

ol umits
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Thus, there are 17 possible resistance values

1.5 Shunting the 10 kL2 by a resistor of value R resull
in the combination having a resistance K.,

o
Thus, for a 1% reduction,

0

R ]
K+ 10
“or 4 5% reduction,
,I'£ (3495
o410
For a 10% reduction,
K (.4H)
R+ 10

For a 50% reduction,
R
R+ 10

Shunting the 10 kL) by

bS50

(a) 1 MY result in
10 = FOHEY 10
VOO - 1 (h 1.0

(b 100 kL2 results in

Ll 10D |1

R.. = —=
0+ 10 |1

{ey 10 kL2 resultsin

10k
et

T AL U 49

s f= W k(2

» o= 9() kil

» K= 10 kil

0.8 kL, o 1% reduction;

= Q0 kLY, 09 1% reduction)

R, = o . DY k&3, n 50% reduction
%10+ 10
, R
Ig Vo=V p——
! TR+ R,

I'o find R, we short circuit Vg, and look back into

node X,

1.7 £q

4
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6.5 k0 %
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For £5% resistor tolerance the extreme values of V., are ) 3.1

A § 9
Vo= '-_l.._"".l_ Vioun = 9— __I'| +0.05) =
@ 334+ 68 2 1 +005) 6801 - (005}
=294V =314V
Ra=222k0)

I'ne extreme values of Ry, are

- 0,015 » G.8(1 -0.05)

@ LA 1 - 008+ 681 -0.05)
3301 ||f|'~| s ooy

J-1|'| 1I[ﬁ;uif-h[|:l1ll':

275V Rowe = 2.22(1 +0.05)

i low e e Tl

S R 0.051=2.11 ki3

233 k2

w W

10 ki1 oY
O =Y |
204 100

-—

; 0 k)
‘10 k1 6.7kl

- ANA

—3 5
O +1Y
Ro= 10k ff 20 k02 b §
6.67 %
10k kil |
— L 1710
= = 5 kil
{a) y
=] "l."
+0 Y
i
I -
1 kAl
f:"r}cﬂg g'_-.llu'i
+ R, ¥ 1010 Tt o t0.¥
3 'hk‘l )
10 .;_!'_|§
10 kLY 10k}
= R,=10410410
=4 =333 kN
[e) dj
Voltages generated:
+3 W {twr ways: {a)and {c) with (g} hav ing lower oulput resistance)
+H5Y (b
+0'¥ {two ways: {a) and (d) with (d) having a lower output resistance)
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To reduce Vig to 10,00 'V we shunt the 10-k{2 resistor

Iy resistor 8 whose value is such that IO R =2 < 4.7

FISY
i
|
%-4 7 kil
i 000 Y
[
g 101 ki)
Thius
] ] 1
i =
10 R 94
= F=156.7 =157 k(2
Now,
Ra=10KkQ IR 4.7 LD
=94 f47=22_313310
|

I'o make B, = 3.33 we add a senies resistance of approx-
imately 200 £, as shown,
ud FRY

157 ki

To obtain Vg = [0 Y and By = 3 k£ we have (o
shunt both the 4,7-k£2 and the 10-k2 resistors as shown.

To yield nn output voltage Vo = 1000V we must have

Ryl 10y =

2R N4.7)

[ R
R =1R] ()
F15 Y
4
+
||
1,7 k{1
a by
| |
| ifer—
H,; gmm
|
o+
|
= Kia

‘or Ky =3 k{2 we must have

RiWEY =3 (2]
asolving (1) and (2) yields
Ry =45k

Ri=90k{

which can be wsed to find £ and £, respectively,
R, =157 kQ
By =90k

1.10 i
|

1

1

-% “

V="IR IR
RR,




L11 Connect a resistor R in parallel with £, To make
f§i, = 021 (and thus the curremt through &, 0.8/, s0 a5 10 raise the resistance of the load branch by 105,
K should be such ring the current

{b) Connect a

thereby restor
02 x | kR2=0.8IR desired value. The added series
» H=253040 of Rie., 0IR

I "'--3-"+ ||_.-;,li_ ”__‘
! Ry 1 kI R -3 T.I.._il.
LY3

1,12 —o

division ratio to s
resistance must be [0%

Ty make the current through & equal to 173 we s int
E |

Ri= 110 1R
by i resistance Ry of value such that the current througt
it will be 2073: thus LLIR
3 . i
{H "f.’f_. » By = ‘f‘
] § 2 te., 105 higher than in case ()
The inpul resistance of the Iil\'IIlL';I, ﬂ'.__l. 1% LI3If R, = 10 KQ —
Hu. - H":'IHI 1= H'{IT\ x‘r"‘ then a '~|-Er.l':!r af O 1o
3
. ’ 10V may vielog
Neww iF Ry s 109 oo high, ie,, I iy, e 2 ®
» scross the source. To .
Ry=1.13 limit the voltage 1o the “*“tL
he problem ¢ oly o fpectiled. maxipm of = =
the problem can be solved in two ways | V. we have to shunt
(#) Connect a resistor R; across R, of value such that &, '.'a.:J". B resistor R whose value is such that the paral-
Kyl By = B2, thus combination of B and R is 51 k(2 Thus,
Ra( 1.1 R/ R RR,
T F -2
R+Hmr}_ R+R,
LRy = Ry 11X R<11I1 KO
- = R=1.1k{2
S 1 7. S
= K:\. = _'!l "_rh!f s T |
F |
(LIR , 11R
Hm F | —: |II : i, '.IJ i Rn R
0o !
=R ,1'."’_e - ‘i" O—>=1mA|
R | -
e . = E.-=
[~ T ] =Tk
:® k gLE SlR |
= [ = Ihe resulting circuit, utilizing only one additional
__J: ek =l A 2 resastor of value 1.1 kG2 creates a current divider across
= = P T e the source
Ry s

a resistor in series with the load resistor B
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10 k2
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615 kil
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Now, when o resistapce of L5 kQ is connecle
Between 4 and ground,
0.77
.h i-’:. i ] 5
' (L1 maA
116 (a) Node equation at the common node vields
fy=1+1:

Using the foct that the sum of the

fty nndd Ky equals 15V, we write

15=08) + L«
108 41+ 1= 2
121, + 21,
13V
FIOY
"
R, 10 k£)
Sk

/'

. |
-

AMA— =

Hy
2 kil

M—

That 15,
12+ 21, =15
19V, thus
0= 1R, + I
=5L+{L+ =2
which yiells

oy
| )

2y # Ths= 10
Equations {1) and (2) can be solved together by multi-
plying (2} by &,

127, + 425, = 60

volitage drops ncross

{1)

Similarly, the voltage drops across &, and &, add up to

MNow, subtracting (1) from (3) yields

40, =45
> fi=1.125mA
Subsiituting in (2) gives
2y =10=Tx 1,125 mA
f 1.0G25 mA
=1+l
! = 1.0625 + 11250
LIRS mA
V=L2R,
11875 x 2= 23750V
To summuanie
J'l == | .0 mA .|'_. 13 mA
5 1.19 mA V=3138Y
by A node equation at the common node can be writlen
in terms of V as
5=V _10=-V¥ v
b
R K, Ry
TiE
§ =1 0~V Vv
10 5 !
= I 8V=15
s V= 2315V
MNow, Iy, I, and [/, can be easily found as
15—V 15-137% e !
=2 =" = L0625 mA == | mA
11 10
j -V 0=2375 N
ly=——= ——— = |12 mA=1.13mA
b} b}
Vv A :
Ji= — === mA =1 1% mA
|['-I. -

Method (b) 15 much preferred; faster, more insightful
in general, attempts to
identify the least possible number of varables and write

the come ‘ponding minimum number of 2quations,

and less prong (0 érrors one

1.17 See diagram
g1z i e 3 BB
— AN & Ay — Wy
LSS ki R .L'?:}_-,I]k
) k)
—af = B
. 4925 - 4,909
fo=—— ——— = | B8 uA
‘ OB+ 3+ 0,545
Vi= 188 pA x 3 ki¥ =564 mV

33 - 3BB--3-33BB
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