Chapter 3

1. a.

0.2 in. = 200 mils
1 . . .
5 in. = 0.03152 in. = 31.52 mils

Lin =025, [000Mils | o5h it
4 Lif1.

10 mim = 10 x 16 1 [39i37 m} {1ooo_mns
w lin

M2i6.7 [10° mils | _ :
0.0 At |_1/ff } |_1,iﬁ. } 120 mils

} =393.7 mils

37.1in. . )
[393 : }=39.37|n.=39.37x 10% mils

Acm = (30 mils)®> = 900 CM

0.08 in. = 80 mils, Acy = (80 mils)* = 6.4 x 10° CM

1 . . .
{E] =0.0625 in. = 62.5 mils, Acy = (62.5 mils)? = 3.91 x 10° CM

l/ﬁl. II_OOO mllS . . 2 3
2 |_ =787.4 mils, Acm = (787.4 mils)” = 620 x 10° CM
A |2.54zfnj| | 1n. } om = ( )

002t |2 IIOOQ mils | _ 240 mils, Acy = (240 mils)’ = 57.60 x 10° CM
Lt || 1

410" m[39.37 m} {1000 mils

= 157.48 mils, Acy = (157.48 mils)? = 24.8 x 10° CM

3. Acm = (dmits )2 — Umits = 4 ACM

a.

b.

C.

Chapter 3

d = /1600 CM =40 mils = 0.04 in.
d = /640 CM = 25.3 mils = 25.3 x 10 in.

d = /40,000 CM =200 mils =0.2 in.
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d. d= /2400 CM = 48.99 mils = 48.99 x 102 in.

e. d=46.25CM =2.5mils=0.0025 in.

f.  d=4x10° CM =63.25 mils = 63.25 x 10~ in.

0.016” = 16 mils, Acy = (16 mils)® = 256 CM
(200")
256 CM

R= p;f = (10.37) =8.10Q

a. A= p—|:17 89 ) saacm
R 250

b.  d=+Acy = V544 CM = 2332 mils = 233 x 10 in.

1 . .
T = 0.03125" = 31.25 mils, Acy = (31.25 mils)® = 976.56 CM

| _RA (22Q)(976.56 CM)

R=p— =1 = 3.58 ft
A Q 600

1 _ (10.37)(300") _
A 330

d = 4/942.73 CM = 30.70 mils = 30.7 x 10~ in.

a.  Acm= 942.73CM

b. larger

c. smaller

_ RA_ (500 Q)(94 CM)
= 1000’

=47 = nickel

a. 1/32”7=0.03125” = 31.25 mils, Acy = (31.25 mils)* = 976.56 CM

oo Pl _RA_(3140)07656CM)
A 5 1037
o, 295710000 (B)@957) _ ) 4e s

X 5Ib 1000

c. —40°C: F= %C +32° = %(—40) + 32 = —40°

105°C: F= %C =32°= %(105) + 32 =221°
F°=-40° — 221°
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10.

11.

12.

13.

"

3 =0.375" =375 mils
8
4.8"= 4800 mils

4/ 7 CM
A = (375 mils)(4800 mils) = 1.8 x 10° sq. Ails =2.29 x 10°CM
(375 mils) (4800 mil ke

"

b. L =0.083 in. = 83 mils
12
Acv = = (83 mils)® = 6.89 x 10° CM

6
(12) 229210 CM _ o) 37 wires

6.89 x 10° CM

a. 3" =3000 mils, 1/2" = 0.5 in. = 500 mils
Area = (3 x 10° mils)(5 x 10% mils) = 15 x 10° sq. mils

15 x 10° sq ils 1/” Cl.\f }: 19.108 x 10° CM
S 1

R=pl = (10‘37)(?) =21.71 uQ
A 19.108x10° CM
b R=pl=—UDE)  _a55q,0

A4 19.108x10° CM
Aluminum bus-bar has almost 64% higher resistance.

C. —

I, =21, A, = Al/4, P2 = pP1
Paly

R, _ 4, _pbA _ 204
R ph phd, 474
AI
and R, =8R;=8(0.2 )= 1.6
AR=16 -02 =14

2 i 2
pz T g [ [H004inT) o7,
4 T T

dmits = 225.7 mils

Acw = (225.7 mils)? = 50,940.49 CM

/
Plfl

=8

R A [ A [ A
ke ll :/pll 2 _ 1772 (pl:pz)
Rz 22 pIZZZAI ZZAI
P>
Az
and R, = Rb4 _ (800 mQ)(300 f)(40,000CM) _ o1 oo
1,4, (200 £t)(50,940.49 CM)

Chapter 3

17



14.

15.

16.

17.

18.

18

#12 =6,529.9 CM, #14 = 4,106.8 CM
6,529.9 CM -4,106.8 CM
4,106.8 CM

x100% =59% larger

#12 _20A _ #12 6,5299CM _
#14 15A O #14 4,1068CM
Imax ratio = 1.33 vs Area ratio = 1.59
1.59-1.33
1.33

1.59

x100% = 19.55% higher ratio for area

#9 13,094CM _
#12 6,529.9CM

#0 105,530 CM
#12 6,529.9CM

=16.16 yes

#0 _IS0A _ o

#12 20A

#10 10,381 CM
#20 1,021.5CM

=10.16 =10 yes

#20 1,021.5 CM

#40  9.89 CM
yes = 100

=103.28

1 (1037)30) _311.1CM

A= “— =51,850 CM = #3
R 6 mQ 6x10
but 110 A = #2
pe ol J(03NG0) 3ILICM _ o000 o

R 3 mQ 3%107°

A/CM =230 A/211,600 CM = 1.09 mA/CM

1.09 mA [ oM | 000 ‘?((S] 00 mﬂﬂ: 1.39 KA/in.2

1 in.

9M Esqmils |_1in.

-2
5KA | LN | Z36in2
39 kx(
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2345+20 2345+100  _ (3345)2Q)

19. 2 =2.63Q
2Q R, 254.5
20 236+0 _ 236+100
' 0.02Q R,
R, = (0.02Q)(336) _  10e
236

21, C= §(°F—32) = 3(32—32) = 0° (=32°F)

C= 3(68 -32) =20° (=68°F)
234.5° +20° 234.5° +0°
12Q R,
n - (2345)(120Q) _
2 2545

111 Q

22. a °Cs= g(°F ~32°) = 2(700 — 32°) =21.11°

°C= §(6O° -32°) =15.56°

234.5+21.11 2345+ 1556
0.025Q R,
n, = (250.06)(0.025 Q)
255.61

=24.46 mQ

b. °C= 3(50° -32°)=10°
2345+21.11 2345+ 10

0025Q R,
R, = (2445)(0.0259Q) _ .00
255.61

C. Parta: 25 mQ — 24.46 mQ = 0.54 mQ
Part b: 24.45 mQ — 23.91 mQ = 0.55 mQ
Linear 40°F = 23.91 mQ — 0.55 mQ = 23.36 mQ

d. °C= g(—30° -32°) = —34.44°
2345+21.11 2345-34.44

25 mQ R,

R, = (5MQ)(200.06) _ o0
255.61

Yes, 25 mQ —19.57 mQ =5.43 mQ

Chapter 3
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23.

24,

25.

26.

20

e. °C= 3(120° -32°)=48.89°

234.5+21.11 234.5+48.89
25mQ R,
_ (25 mQ)(283.39)

255.61
Yes, 2.72 mQ

=27.72 mQ

2345+20 2345+t

10  11Q
2345420 2345+t

1Q 01Q

a 68°F = 20°C
2345+20 2345+T,
10 2Q

2(2‘?'5) ~2345=T,

T,=274.5°C

b. #10=0.9989 ©/1000

, 1,=4545°

, 1, =-209.05°

C. T

din =0.102 in= S
10

1 1 1

a. Ob

b. R = Ryo[1 + arao(t — 20°C)]
1Q =0.8Q[1+0.00393(t — 20°)]
1.25 =1+ 0.00393t — 0.0786
1.25 — 0.9214 = 0.00393t
0.3286 = 0.00393t

_0.3286
0.00393

R = Ryo[1 + aro(t — 20°C)]

T T[+20°C T 2345420 2545

=0.003929 = 0.00393

=83.61°C

= 0.4 Q[1 +0.00393(16 — 20)] = 0.4 Q [1 — 0.01572] = 0.39 Q@

Chapter 3



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Table: 1000’ of #12 copper wire =1.588 Q @ 20°C
Ce= S(F° -32)= 3(115 —32) =46.11°C
R = Ryo[1 + aro(t — 20°C)]
=1.588 Q [1 + 0.00393(46.11 — 20)]
=175Q

R 22Q
AR = TS%“' (PPM)(AT) = = (200)(65° -~ 20°) = 0.198 0

R = Rnomina| + AR = 22.198 Q

100 Q

10°

R .
AR = sl (PPM(AT) = (100)(50° — 20°) = 0.30

R = Rnominat + AR =100 Q + 0.30 Q = 100.30
a.  2times larger b. 4 times larger
10k —35k =6.5kQ

6.25 kQ and 18.75 kQ

820 Q +5%,820 Q2 +41 Q, 779 Q « 861 Q

220 Q +10%,220Q £22 Q, 198 Q « 242 Q

91 kQ £ 20%, 91 kQ £ 18.2 kQ), 77.8 kQ «> 109.2 kQ

9.1 kQ = 5%, 9100 Q + 455 Q, 8,645 Q « 9,555 kQ

3.9 MQ = 20%, 3.9 MQ £ 0.78 MQ, 3.12 MQ < 4.68 MQ

®PoooTe

68 Q = Blue, Gray, Black, Silver

0.33 Q = Orange, Orange, Silver, Silver
22 kQ = Red, Red, Orange, Silver

5.6 MQ = Green, Blue, Green, Silver

oo o

a 10Q0+20%=8Q-12Q no overlap, continuance
150+20% =12Q-18Q

b. 10Qx10%=9Q-11Q no overlap
150+10% = 135Q-165Q

470 Q2 +10% =470 Q 47 Q
=423 Q < 517 Q
Yes

No change
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39.

40.

41.

42.

o0 oW

621 =62 x 10' Q =620 Q = 0.62 kQ
333=33x10°Q =33 kQ
Q2=3.9x10°Q =390 Q
C6=12x10°Q=12MQ

1

G= iz— =8.33mS
R 1200

G= L =0.25mS
4kQ

G=— 1 =046uS
22MQ

Ga>Gp>Gevs.Rc>Ry >R,

Table 3.2, Q/1000" = 1.588 Q

iz ! =629.72 mS
R 1.588Q

A4 _ 6529.9 CM (Table 3.2)
ol (10.37)(1000")

orG=

G= 6529.9 CM

= =~ =384.11 mS (Al)
(17)(1000")

1 1

= 629.69 mS (Cu)

10 Q 20 Q 100 Q

b. G,:G;=50mS: 100 mS = 1:2 whereas R»:R; = 20 Q:10 Q = 2:1. The rate of change is
the same although one is increasing and the other decreasing.

43.

44,

45.

46.

22

inverse — linear

2 5 2 l
Ay = 15 A= 5 Ayl = [1——}1:—1,/)2:/31

3 3

G, =5G; = 5(100 S) =500 S
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47. -

1 .
48.  — in.=0.083n.
12 /m[

49, a.
b.
C.
d.
50. R =

51. R=Rs— =w=

52. a.

Chapter 3

254 cm
=0.21cm
Vin. j
2 2
A= nj _ (3.14)(04.‘21 cm) — 0.035 o’

RA_(2Q)(0.035 cm?)

| =
p 1.724x10°°

= 40,603 cm =406.03 m

1m gddem | s em 3t P22 | 760 em
2 Lo Lipr.
4% 12*‘(‘] p.54cm J =121.92 cm
Lt L .
-6
. pi (1.724x10°)(121.92cm) _ 2171 42
A (1.27 cm)(7.62 cm)
—6
. p£: (2.825x107°)(121.92 cm) _ 35,50 42
A (1.27 ecm)(7.62 cm)
increases
decreases
-6
P 100 d= P = 250x107 = 2.5 ucm
d 100 100
i R _(150Q)(1/2in) _ oo
w R 500Q
d=1in.=1000 mils
Acm = (10° mils)? = 10° CM
6
o= *_d mQ)(io M) _ 1 em-qiit
/ 10° ft
lin.=2.54cm
2 2
A= irz' _ 7(2.54 cm) = 5067 o’
|=1000 ft |2 P‘54. “M | = 30,480 cm
Ll ft L 1in.
2
Dy = R4_(Q mQ)(5.067 cm™) = 166 x 10”7 O-cm
/ 30,480 cm



53.

54.

55.

56.

57.

58.

59.

60.

24

K= P2 1.66x1077 Q-cm

= =1.66x 107’

p, 1CM-Q/ft

-50°C specific resistance = 10° Q-cm

50°C specific resistance = 500 Q-cm
200°C specific resistance = 7 Q-cm
negative

No

= AQ-cm _300-30_ 2700Q-cm

AT  125-50  75°C

Log scale: 10 fc = 3 kQ
100 fc = 0.4 kQ

no—Ilog scales imply linearity

@05mA,V = 195V
@1mA,V =200V
@5mA,V = 215V

AViota =215V =195V =20V
5mA:0.5 mA =10:1

compared to
215V: 200V =1.08:1

e 300 0-cm (50°C)
100 \
o-om
oC 100°C 150°C
=3.6 Q-cm/°C
b. negative
d. 1kQ = = 30fc
10kQ = = 2fc
[AR|_ 10kQ-1k _ . . Qlfc
lAfc|  30fc-2fc
and & =-321.43 Q/fc
Afc
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