E-Eng. Fundamentals

Continue = The Effect of Temperature
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Example: The resistance of material is 300 © at 10C", and 400 Q at 60C". Find
its resistance at 50 C*?
Solution:

R R 400-300 Lo,
,—-T,  60—10

R—R,  R-300 R-300
r-17  50-10 40
R—300=80= R =80+300= R =380Q

Also from the above figure we can sea

R—0 R-0
,-1, T-T,
R, R
L-1, T,-T,
¢
R, T,—T P T T, T
s —==—=—21 hence f: j_>p‘—_"-’ .
RI TI_ 2 } T;_J!] 2 T;_Tn
A
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Example: Aluminum conductor with length of 75 cm and 1.5 mm?® cross

section area. Find its resistance at 90 C” ?

Solution:
et _ (283x107)<(75x107)
A4 1.5<10 ¢

=2.83x50x10 * =141.5x10 % =14.15m2

R, T,-T,

R; Tl - Tﬂ

R, = 14.15[90 — (- 236 )}
] 20 — (- 236 )

g "
_ 14.15[90 + 236 = 18mQ.
20 + 236 !
Another method
p, T,-T, 00 + 236"
= = Pog = P ]
A Tl_ 0 20+ 236,
\' A
,_. p20(90+236|><(?5><10‘2j
R: prmJ: _ 20_236)}
A 1.5%107°

Py = 2.83%107"

S Poe = 14.15m
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Deriving the temperature coefficient

It can be started by using the previous relationship of the resistance and temperature

R, T,-T,
RI T__To
™
T, -T
R, = R| 2—=2
T1_To

‘Tl_TU
T, —T
R, — R|1+=2 l]
TI_TU,

l ™
(e -m)

temperature coefficient of resistance at a temperature T,

- R, = Rl[l +ffl[7;_?1]]

Where T for copper = =234.5

In some resource, T, take an absolute value, which means || = 234.5, hence

WC can sca

1 Rg _ |T(I|+ TQ
a'_\r\mq & R, |T,|+ T,
Example:

a) Find the value of «, at (T, = 40 C°) for copper wire.

b) Using the result of (a), find the resistance of a copper wire at 75 C” if its

resistance is 30 Q at 40 C° ?
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Solution:
1 I 1 _

a) a, = = = = 0.00364 1/K

T-T, 40-(-234.5) 2745

1 1 1
Or a-= = = =0.00364 1/K

T|+7, 2345+40 2745

b) R, :Rl[l—l_al(Tz_?I)]

= 30[1+0.00364(75 - 40)] = 33.802

Exercise/ A coil has a resistance of 18 Ohm when its mean temperature is 20°C and of 20
Ohm temperature is 50°C. Find its mean temperature rise when its resistance is 21 Ohm
and the surrounding temperature is 15° C.

OHM’S LAW
Consider the following relationship: Effect =

cause

opposition

Every conversion of energy from one form to anotner can be related to this equation. In
electric circuits, the effect we are trying to establish is the flow of charge, or current. The
potential difference, or voltage, between two points is the cause (“pressure”), and the
opposition is the resistance encountered.

when its mean Current — porentm_l difference
resistance
- £ 16V
I=— amperes, A AN
Il R (amp ) : A
+ 4
e R3T —— v e
— (volts. V) R 2x10°0
E -
= R=— (ohms. {2) I=15A
I +
E=IR=(15A)800) =120V E R %EUH




E-Eng. Fundamentals

PLOTTING OHM’S LAW

iI{amperes]
. . ) 6
If we write Ohm’s law in the following manner
and relate it to the basic straight-line equation S i It i R R .
1 4 i
I=2-E+0 :
3 |
[ R=5Q |
y=m-x+5b il e :
we find that the slope is equal to 1 divided by A
the resistance value, as indicated by the following: | |
| -
Ay Al 1 0 5 10 15 20 25 307
m=csloppe = ——=— = — 4 IG )] {:'.'d-lt'::]
P*=Ax AV R . am“;:es
5
R=10
N
4
AF 3 f
R=— ohms
Al (ohms) i //
: R=100)
0 510 15 20 25 0¥
(volts)
4 I (amper=3)
ﬁ
3 //
. Fd e —
Feauling Al=4A4 -3 4 I .
=”‘+.a.. [y i v
] ]
? I
[} 1
I —
I |
! ] .
0 s 10 1% o0 3% a0 Tl
Clusen AT — 0V—15V - 5V
EXAMPLE 4.5 Determune the resistance associated with the curve of .
Fiz. 4.9 using Egs. (4.3) and [¢.7) and compare 1esulls. T'm#)
Solutior: At ¥ =6V.J =3 mA. and d
r e Al — Imd
S - Y S S
1 Ima I
2k I
For the inrerval betwezn 6 WV and 3 V. L !
R—g_ 2-"— _-lk"l 1 1 Ilu—’&L=zTI‘I
TOAT T 1ma T 0 I 4 46 8 10 FW
‘The results are equivalent. FIG. 4.9
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Semiconductor diode characteristic

AtF=+1V,
n . = K = 1 T\," = 1-‘;
dode T 7 S0mA S0k 10 °A
— 2010
(a relatively low value for most applications)

AtF=-1V.
P y_ 1V

soke = 7 = T A

= 1M1

(which 15 often represented by an open-circuit equivalent)

POWER

Power is an indication of how much work (the conversion of energy from one form to
another) can be done in a specified amount of time, that is, a rate of doing work.

1 watt (W) = 1 joule/zecond (I/3)

In equation form, power is determined by

(watts, W, or joules/second, J/s)

1 horsepower = 746 watts

The power delivered to, or absorbed by, an electrical device or system can be found in

terms of the current and voltage by first substituting Eq.
o Q

f t t

But I=

~ |

so that (watts)

P=VI= I’f%]

VZ
d P= atts
an R (watts)
or P=VI=(IRA

and P=TFR {(watts)
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EXAMPLE 4.6 Find the power delivered to the de motor of Fig. 4 14,

. Solution:
Mechanical P=PI=(120V)(5A) = 600 W = 0.6 kW
horsepower
S A developed
Electrical TO-o . . . .
power 120V f'f EXAMPLE 4.7 What 1s the power dissipated by a 5-{) resistor if the
applied - current is 4 A?
FIG. 4.14 Solution:

Example 4.6. P=IR=4A7°50)=830W

Sometimes the power 15 given and the current or voltage must be
determined. Through algebraic manipulations, an equation for each
variable 1s derived as follows:

, P
P=I'R=I="
—% TR
[P
and I= 'lIE (amperes) (4.14)

-

P=—=TF*=PR
R

and VF=“PR (volts) (4.15)

EXAMPLE Determine the current through a 5-k resistor when the power dissipated by
the element is 20 mW.

Solution
P Jxittw L ——— s
I= VB \."—Sxm}ﬂ =Vax10%=2x103%A
= 1mA
EFFICIENCY

Conservation of energy requires that

Energy input(W;,) = energy output (W,,) + energy lost or stored in the system
Dividing both sides of the relationship by # gives

Fin Mo N Tost o stored by the ystem
t f f
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Energy flow through a system.

Since P = Tt we have the following:

P,= P, + P v sored (W) System
Energy oufput
v,
The efficiency (1) of the system is then EE;.HEY mput
determined by the following equation: ! —
. power output e N ITne
Effictency =———— -~ -
= power input y stored.
\,.{Energ}'
lost
P
n = Fﬂ (decimal number) Miastorstorsd
i
PI'?
1% = - X 100% (percent)
i
W,
n% = Hf‘ X 100% (percent)
i

EXAMPLE A 2-hp motor operates at an efficiency of 75%. What is the power input in
watts? If the applied voltage is 220 V, what is the input current?

¥,
% = —= % 100% 2 W
TP, ’ and P, = 1‘?;;“' = 1989.33 W
(2 hp)(746 W/hp) T
0.75 = 5 o P 198933W
i P,‘—.EI or I—E—W—g.ﬂ-‘:’ﬁ

EXAMPLE 4.11 What 1s the output 1n horsepower of a motor with an
efficiency of 80% and an mnput current of 8 A at 120 V?

Solution:
P,
1% = —- X 100%
ﬁ 80 — L
T (120V)i(8 A)
and P, = (0.80)(120 V)(8 A) = 768 W
. " 1hp
rith 768 W =1.029h
wi ( ?46W) P
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Efficiency for Cascade Systems

P, P, P,.

m = M2 = N3 = =
Py Py, P

— | - Th =

M

Mr

If we form the product of these three efficiencies.

_ P, P, P,
nEE TR, Py P

-
i

and substitute the fact that P;, = P,, and P;; = P,, we find that the
quantities indicated above will cancel, resulting mn P,./P;. which 1s a
measure of the efficiency of the entire system. In general, for the repre-

sentative cascaded system of Fig. 4.20.

Meotal — M1 " M2 N3 * " N

Transmissien sysicm

FIG. 419
Busic vomponenls ol a gemeraiing sysler.

EXAMPLE 4.13 Find the overall efficiency of the system of Fig. 4.19
if 9, = 90%. n, = 85%, and 7; = 95%.

Solution:

Nr= 11 12 53 = (0.90)(0.85)(0.95) = 0.727. or 72.7%

(4.20)
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Energy

Energy (Wh) = power (W) x time (h)

power (W) * time (h)

Energy (KWh) = e

EXAMPLE 4.16 How much energy (in kilowatthours) 1s required to
light a 60-W bulb continuously for 1 yvear (365 days)?

Solution:

gr— Pt _ (60 W)(24 h/day)(365 days) _ 525.600 Wh
1000 1000 1000
— 525.60 KWh

EXAMPLE 4.17 How long can a 205-W television set be on before
using more than 4 kWh of energy?

10

Solution:
Pt (1000
= =i {]J.DUIS:I = L
1000 P
4 KWh)(1000 =
— GEWh1000) _ 95y
205W
TABLE 4.1
Tvpical wattage raiimgs of some common household ftems.
Appliance Warttage Rating Appliance Wartage Rating
Air conditioner 860 Lap-top computer:
Blow dryer 1,300 Sleep << 1 W (Typically 0.3 W to 0.5 W)
Cassette player/recorder 5 Normal 1020 W
Cellular phone: High 25-35W
Standby = 35 mW Microwave oven 1.200
Talk =43W Pager 12 mW
Clock 2 Phonograph 75
Clothes dryer (electric) 4.800 Projector 1.200
Coffee maker 200 Radio 70
Dishwasher 1,200 Range (self-cleaning) 12,200
Fan: Refrigerator (automatic defrost) 1.800
Portable a0 Shaver 15
Window 200 Stereo equipment 110
Heater 1322 Sun lamp 280
Heating equupment: Toaster 1.200
Fumace fan 320 Trash compactor 400
Oil-burner motor 230 TV (color) 200
Iron, dry or steam 1.100 Videocassette recorder 110
Washing machine 500
Water heater 4,500

Cowrtesy of General Electric Co.

Problems in pages 125-----

126 =>» the reference is Boylestad
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SERIES CIRCUITS

Two elements are in series if

11

1. They have only one terminal in common (i.e., one lead of one is connected to only

one lead of the other).

2. The common point between the two elements is not connected to another current-

carrying element.

The total resistance of a series circuit is the sum of the resistance levels.

RT=RI+R2+RE+"'+R:J | {Ghﬂl'::, ilj
I = £ (amperes, A)
Ry

Vl = IR]_, Vz = Iﬂz, F; = IR3, -

--. Fx=1IRy | (volts, V)

P, =WV, =IiR,

_r

= ratts, W
R, (watts, W)

The power delivered by the source 1is

Pd.el = EI

(watts, W)

-
§Rr= Ry + R,

1)

Lk

Circuit equivalent

The total power delivered to a resistive circuit is equal to the total power dissipated by

the resistive elements.
That is,

PM=P1+P2+P3+"‘+PN
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EXAMPLE 5.1

a. Find the total resistance for the series circuat of Fig. 5.7.

Calculate the source current I

Determine the voltages V., F,. and 3.

Calculate the power dissipated by R,. R,. and R;.

Determine the power delivered by the source, and compare 1t to the
sum of the power levels of part (d).

PoRN S

Solutions:
da. .R.T=R1+Rz +R3=2I1+ 1-{!+5I1=n
+ N -
E _ 20V _ AN

.= — = #, R
b I Ry 8Q 77 A (1 R=20

C. V]_ = IR]_ = (2 5 ﬂ_‘_}('} ﬂ-} =3V E—V I-
V,=IR, = (2.5A)1 Q) = 2.5V “T 5 BE10 &
V3 =IR; = (2.5A)(5 ﬂ)=1251. " R-sa Il

d P =VL=(V)QSA) =125W Wy —
Py =Dk, = (253}(1{1}—1&-5“7 = -+
Ps=F3iRs = (125V)/5 Q= 3125 W FIG. 5.7

e Pgq=EI=(20V)25A) =50W Example 5.1.
Py, = P, + P, + P;
SOW =125W + 625W + 3125 W
50 W =50W (checks)

EXAMPLE 5.2 Determins Ry I and ¥, for the circuit of Fiz. 5.8. —Wy A

Solution: XNote the current direction as established by the battery
and the polarity of the voltage drops across R, as determined by the cur- . -

E==_50V B0
rent direction. Since B, = R; — Ra, + I =

Rr=NR, + B =701 +40=210+40=250 I Ry !
=2 =30V 5, S Wy )
Rr 2510 - '
Vo =18 = (LAN4Q) =8V FIG. 5.8
Example 5.2.

EXAMPLE 5.3 Given Ry and I, calculate R; and E for the circuit of
Fig. 5.9.

Ry=R, + Ry + Ry -Jg-:\f ‘v;-}
12ki} = R, + 4Kk + 6 k) Rr= 12k0

Ry =12k(} — 10k} = 2kQ2

E=IR,=(6x 10 7AN12 x 10° () = T2V 1= 6ma

FIG. 5.9
Exampie 5.3.
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VOLTAGE SOURCES IN SERIES

E, E, Eg Erg
Er=E +E+E=10V+6V+2V=18V —_||r| T _||_ _||_
1wy &v 2V 1BV

KIRCHHOFF’S VOLTAGE LAW

Kirchhoff’s voltage law (KV'L) states that the algebraic sum of the potential rises and

drops around a closed loop (or path) is zero. + 7 - )
a
S.pr—0 (Kirchhoff™s voltage law p— M —
< in symbolic form) I R’y I J
. +
+E-V,—V>=0 - E KVL R:g 7
£E= F]_ + F.l X
g
revealing that d c
the applied voltage of a series circuit equals the =

sum of the voltage drops across the series elements.

3g Vises = 2 Viarops

Example/ Determine the unknown voltages for
the networks

+ 12V - +6V-
2 _ 4% —
R R " + 43y
™ o R, R,
- My W
E—== 32V I R3§1w
- Ey—== 16V Ey==09V

+E—V1—V,=0
— T — T, — —
Ve=E—V,=32V—-12V TR oo EREE0
=20V Vi=E — V2 —E; =16V —42V -9V
=28V

Example: For the following circuit diagram, Find I using:-
a) Ohm's law.

b) K.V.L.



E-Eng. Fundamentals

_ 40V
Solution: /st
| — ‘ |
a ) By applying ohm's law :- 602 m
102
_ L, 20+40-10-10 —E—IA
R 10+7+6+17 40 1wy | — 20V
— |
||
b ) By applying K.V.L. :- 17 10V

10 + 61+ 71-40+ 101—20+ 10+ 171 =0
10-40—20+10+1(6+7+10+17)=0

-40—-](4[]):;-!=ﬂ=|r4
40

EXAMPLE 5.6 Using Kirchhoff's voltage law, determine the unknown
voltages for the network of Fig. 5.16.

- 40V -

— 60V T,

= + 30V —
(a)

OV — 40V — K+ 30NV =0 —6V - 14V -TF, +2V=10

F,=60V+30V-—40V=90V—40V V.= —20V+2V
=SV = —18V

Example :- For the following circuit diagram , find the current 7

Take the loop FABCDEF A B
B+ V-15=0=+V-T7=0= V=+7volt 1N l
VIR = I =1 =354 m 20 20
T 22 15V
o ) I o
gV 20 0 0
T L

}m

T
e sl
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15

Example :- For the following circuit diagram , find ; Ry, 1, V,, V2, Pyq, Pen

, P, verify by KV.L. ?

Solution :=

RT_R1+R2_4+6_]0

E 20

[=—=—=24

R, 10

V= IR =2x4=8V

V= IR, =3x6=12V

P

403

P, =IE =2x20 =400

To verify results by using K. V.L. ; then

i‘rr;. =0
i=1

E—Vl—Vj_:{]

E=V,+V,
20=8+12
20=20

=I'R, =(2f x4 =16W

P, =I"R, =(2) x6=24W

checks

L

R, R,
: ATAVAY AN
I' -;42 E’E
oy V! V2
VEo(8) .
or P, =— (—T—lﬁums
RI 4
v: o 12V
R 6

ar

P, =P, +P, =16+24 =400
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VOLTAGE DIVIDER RULE

In a series circuit,

16

the voltage across the resistive elements will divide as the magnitude of the resistance

levels.
and I= Rir
Applying Ohm’s law:
v, =1IR, = (i}ﬁl = fE
Rr Ry

with ¥V, = IR,

_(E N\, _ RE
Rr/ ° Ry

Note that the format for Iy and V; 1s

(voltage divider rule)

EXAMPLE 5.10 Determine the voltage ¥} for the network of Fig.
5.27.

Solution: Eq. (5.10):

_’RE . RE
RT Rl + Rz

_ (200)(64V) _ 1280V
20 ) + 60 Q) 80

=16V

¥

EXAMPLE 5.11 TUsiag the voltage drvider rule, determine the veltages
Fy and 15 for the senies circudt of Fig, 528

Solution:
yo = R _ (7 k)45 V) (O kES V)
7 Rr 2K+ 550 - 83k0 15kQ
(2% 107 QIE5 V) 90V -
- — 3 ——— 61
15 % 10° 0 3
g _ Hak _ (BR)ESV) _ (8 10° [0)(45 V)
- 15 k01 152 1° 0
360V
= — gV
s 245

7 .
Fr, BT,

E === -
-+
BT

=
+ 7 -
00 600

"\‘J‘N '*'I‘AF"?
E I 64V

Fifs. 5.27
Example 5.0

FIG. 5.28
Exeample 5.11.
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—
|-1r_1_5'|.

- EXAMPLE 5.13 Design th= voltage divider of Fig. 530 such that
B2 Fa, — 4V,
F MV n Solutiorn: The total resistance 15 defin=d by
Fy Fa. X 3
= re=L =20V _ <o
T
Since Vg = 4V,
FIG. 5.30 eI T
Hample 5.3, Ry = 4R,
Thus Ry = FR1+ Rz = 4R> + R> = 5Ra>
anid AR, = Sk
R-j =1Ek{l
and R] = "1'Rj =4k}
Voltage Sources and Ground
4]
Rl
Ay B R
Fam o wh
o — § Ry
R B
- = = =
Y] 1] (3]
FIG. 5.32
Theeoways to shetch the samme sevies de cirouit
--- -5V e w1
B, B
R - R, V==
[ [
[ ! -
[ [ -
(@ (®)
FIG. 5.34
Replacing the notation for a negative de supply with the standard notation.

17
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EXAMPLE 5.20 For the network of Fig. 5.50:

R,
Ay
3N

E =1V F 50

CR
52
g
-
- + opo
=]
o
lll—\:;‘—"ﬁll"'lli'lv—

z

FIG. 5.50
Example 5.20.

a. Calculate 7,
b. Determune F.
c. Calculate F_.

Solutions:
a. Voltage divider rule:

_RE . (24)(10V)

V= = 42V

Ry 20+30+50
b. Voltage divider rule:

B R4 RIE 3O+ s5M10V) .
Vo=V, + Vi, = FR o0 =81

or Vy=V,—Vp=E —Fp=10V—-—2V=8YV

c. ¥, = ground potential = 0V

E=+24V
EXAMPLE 5.19 Using the voltage divider rule, determine the volt-
ages ] and 7, of Fig. 548
Solution: Redrawing the network with the standard battery symbol i_ R S40

will result in the network of Fig. 549 Applying the voltage divider
rule, 7

+
_ RE _ (4Mav) 7 RS 20
FI_R1+R3_4H+EH_16‘ -
_ RE _@O@v) _ L
T Ri+R 40+20
FIG. 5.48

FIG. 5.49
Circuir of Fig. 5.48 redrawn.



