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It IS very important to study the
power In a.c current
Also to calculate the power In
series circuits and in parallel
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 Definition power In a.c current \

* To calculate the power In series
and parallel cct.

.
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Aim of lecture
To make the student should be able to
calculate the power in A.C circuits in the
event that the load component of
resistance only, then inductance only, then
capacitance only and after load component
of inductance and capacitance on the series
and then parallel
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Custom: Active power , Reactive

AU

power, Balanced load, unbalanced load
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/Solution
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The cct contain resistance only
R=10Q

P=VIlcos ® (watt) , ®=0and Cos0=1
I=110/10=11A :. P=110x11x1= 1220 watt (o

V=110v, f=50 Hz

Q=Vlsin® (VA), ®=0and sin0=0
Q=110 x11 x0= zero

@ The cct contain inductance only
P=Vlcos ® (watt) , ®=90 and Cos 90 =0 een o
=110/10=11A :. P=110x11x0= 0 Jm/j

—c

Q=VIsin® (var) , ®=90and sin 90=1
Q=110 x11 x1=1220 var

v=210v , f= 50 HZ




The cct contain capacitance only
X=cl0 ohm
|/

P=VIcos ® (watt), =-90 and Cos- 90 =0 A
1=110/10=11A:. P=110x11x0=0
— "\

Q=VIsin® (V.A), ®=-90and sin-90=-1 v=clUv . f= o0 fA2
Q=110x11 x -1=-1220 var

i i X=20 ohm
Ex 4 The cct con’Fam regstance and N
inductance in series SN § § BE

Z=V100+400=22.361Q :. 1=210/22.361=9.391A ®=tan-! (X, /R)
=tan-1(20/10)=84.28 ° , P= VI cos ® (watt), m
:.P=210x9.391xc0s84.28= 196.554 watt @
Q=VIsin® (var) ,:. Q=210x9.391xsin84.28 =1962.290 var - i
v=Cl0v , f= a0 H/

- 4




resistance in series .

=tan-1(-20/5)=-75.9 ° , P=VI cos ® (watt),

:.P=200x9.7xcos-75.9 ° = 472.6 watt

Q= VI sin ® (var) ,:. Q=200x9.7xsin-75.9 °
;. Q=-1881.55 var

<Ex 6 The cct contain inductance
,capacitance and resistance in
series ,

Z=V25+(60-40) 2=20.6 Q :. 1=200/20.6 =9.7A
®=tan-1{(X_ - X.) /R)}

=tan-1(20/5)=75.9° , P=VIcos ® (watt)
:.P=200x9.7xc0s75.9 ° =472.6 watt
Q=VIsin® (var) , : Q=200x9.7xsin75.9°

. Q=1881.55 var

(Ex 5 The cct contain capacitance and

Z=V25+400=20.6 Q :. 1=200/20.6 =9.7A , ®=tan-1(X_/R)

K= ohm

K=ocohm |/

I

)
Qy

v=200v , £= 50 H/Z

X=60 om0 ohm

R=5aohm
(,NwwffflﬁE
(~0)

N

v=cl0v , f= 20 HZ




The cct contain resistance and
inductance in parallel v 10| are

.1,= 220 /10=22A , 1,=220/3=73.33 Q) ¢
1=v2272+73.332=76.559 A , O=tan-1(R/X,) R=3ohn
Or ®=tan-(I/l;) , ®=tan-1(0.3)=16.7°
;. P=220x76.559 cos 16.7° = 16132.6 watt v=EEDY 20U L
Q=VIsin ® (var) , :.Q=220x76.559sin 116.7°

;. Q=15047 var

The cct contain capacitance and =10/ ohm
resistance in parallel @) L

:.1.=220 /10=22A , 1.=220/3=73.33
|1=V22 2+ 73.332=76.559 A v=RROV , f= 50 HZ
®=tan-!(R/XC) Or ®=tan-1(I_/I;)

d=tan-1(3/10) = 16.7°
.. P=220x76.559 cos 16.7° .. Q= 220x76.559 sin
=16132.6 watt 16.7° = 15047 var

F=3ohm




Eolution

—
Ex 9 : For the cct shown find R
active and reactive power o
©)
X230/ ohm W R=Johm

v=cely , f= 3l HZ

:.1.=220/10=22A , 1.=220/3=73.33 A
|, =220/30=7.333 A
1=v73.33 2+ (22-7.333)2 =74.78A , d=tan-1{ R/( X - X)}
d=tan-1(3/20) =8.53 °
.. P=220x7.333co0s 8.53 ° =1595.415 watt
.. Q= 220x7.333sin 8.53 °=239.3 var

- /
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Aim of lecture

n

To make students able to learn to draw
a triangle ability and understanding of the
power factor and its effect on the electrical

circuits and how to improve it

4
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It IS very important to study the
Apparent power

Also to study power factor .
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 Definition Apparent power
* Definition.
 To learn power factor .

-




fPre test :

Write laws to find the

o

active power and reactive power

=\

-

&

Solution :
P=vV3VL.ILcos® ( watt)
Q=V3VL.ILsin® (VAR)

B

N,

7%
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Active an reactive and apparent power \

/Active component is that which is in phase with the applied voltage vi.e .Icosa
It is also known as watt ful component.
Reactive component is that which is in quadrature with vi.elsin @ . Itis also
known as watt less or idle component.
It should be noted that the product of volts and amperes in an a.c circuit gives
volt-ampers (v.A) Out of this, the actual power is VA cos®=W and reactive

\power is VAsSin® /
P(Watt) A lcosB v
\ g

Q=(var) Isin® ®

S(VA) | I

Power triangle Lf'; L Jaall (\)




e U Jan(2)

S(VA)
Q=(var)

® ®

@wer triangle P(Watt) lcos ®

Isin @

S = Apparent power ( 4 alall 3 )adl))
LSYP+ Q2 (VA)  ,  S=PHP(ES sl 50l dag) |

P =Vicos® (watt) actual power( Alxdll 3,58l i 5 a8l Jaws gia)
Q=Visin® (var) (4d=all ne 3 )

S-= “..;. s at &LJA e




Power factor : It may be defined as .
(1) The ratio (R/Z) =( resistance/impedance) .
(2) The ratio ( true power / volt- amperes )= (W/VA)
(:\,UALES 3_yaallf 5 jaal) .EMJSA)
(3) cosine of the angle of lead or lag .

o

J

Find the power triangle

EX(1) : If the impedance of the cct. Equal ( Z=3 +j4 ), the voltage on it (V=100<30°),

/ Solution : |T= V/Z = (100<30°)/(3+j4) =100<30°/5<35.1 =20<23.1°A
S=V.I=100x20=200VA , P=V.lI cos® =2000 cos53.1 =1200 W
Q= V.l sin 8 =200sin53.1 =1600 VAR ( Lagg) , P.f =cos 6 =cos 53.1=0.6

P=1200 W
Q=1600var

k S =2000VA

N




Power factor correction : 3 28l Julea (prad

el iy | deall (34 e alata Ll g Wia (3ale) Jaad) oS dalaall Glaladiny) 4 \
Ol e QW Ll | e 3l Bas g DA ade dldiasall Jaddl jlatay Jaadl J8 (e dSIgial) ddass gial)
S (el I8 GLS) Jana (8 | ine 2ga die Bl () 6 80le g (ael g SLS) iy gLl
Ao giall 30 (8 Jaih i ol b (5 gman Jan i g Alls 35 40 ¢ sanse i S Jlie Ll Wlle
e _\ngmjmwmsjs‘my

/sjﬁ\gggsﬁug)ﬁ\(awtu\sﬁsn)&;d@y\wousjﬁ\uzgg&ﬁ)mj \
Crpen Sy L aa )l e ity 3,080 Jalae ) (g A2 Jteall (e i Al 3l a6, Adal
el S Wy | Jaall ae g5l e daaiie Jua gty @lld g Uia Jaal) ()5S0 Ladie 550800 Jales
508l ¢ Ll ld ala 3 5 08l Jalaa o) Larg L Loanl 50t sadall 35080 6 Jaall Jea WGy
skl Lhaall 4 e LSy | Alle 318 (63 a5 ol e J geanll o elly g (8 4 jallal
‘ aUJiM\BJﬁ\Aﬂ

% £




1, :[':'




POSt test E?(. .: For the cct. Shown if the first load is inductive motor
Dissipated (1000 W) with (0.8 p.f ), and the second load

Improve the ability of device . Calculate the second load
impedance which make the total power factor equal(0.95)

/
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ﬁolution : \

P=S cosO , S1=P1/cosB =1000/0.8 V.A
S1=(1000/0.8).cos 10.8
.. $1=1000+j750 VA  to improve power factor up to (0.95)
to total cct. That S=P/cos6 =1000/0.95 VA
S=(1000/0.95). cos 1 0.95 =1000+j329VA
Then the taken power with the second load
S2=S-51=1000+j329-(1000+j750)=- j421=V.I2
12= (S2/v) —(-j421/200<0=-j2.105A
..[2=j2.105A, Z2=V/12=200<0/j2.105=-j94.9

@F Lgied Jaih dauiia & 7 Aladll o) o il Joy la BaaY /




ﬁolution : \

P=S cosO , S1=P1/cosB =1000/0.8 V.A
S1=(1000/0.8).cos 10.8
.. $1=1000+j750 VA  to improve power factor up to (0.95)
to total cct. That S=P/cos6 =1000/0.95 VA
S=(1000/0.95). cos 1 0.95 =1000+j329VA
Then the taken power with the second load
S2=S-51=1000+j329-(1000+j750)=- j421=V.I2
12= (S2/v) —(-j421/200<0=-j2.105A
..[2=j2.105A, Z2=V/12=200<0/j2.105=-j94.9
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Aim of lecture :-

To learn the student be able to analysis
the electric circuit in Ac. Circuit when
maximum power transfer in the cct.

- /




Post test Ex. For the cct shown find Thevinins equivalent

/ 6<0v E —
J
f//"’_‘\\ ><

[(Vth-6)/6] + (Vth/3)=2A :. Vth - 6+2Vth =12V
:.3Vth=18 :Vth= 18/3 =6v

j2
b @ Zu
I J3 oo
2L
y ()
E th
th=[(j6xj3)/(j6+j3)]+j2=(-18/j9) +j2=j2+j4=j4Q /




( Y ) Constant resistance but variable reactance

(a) (b)




In fig. (a) : two cct. Having constant resistance but variable
reactance XL Or XC which vary from zero to infinity . When XL=0,

current is maximum and equals (V/R) .
For other values, 1=V /VR2+XL?2

current becomes Zero when XL=a, As seen from fig. ( b ) the end
point of the current vector describes a semi — circle With radius
OC=V/2R and center lying in the reference i.e Voltage vector OV.
For R-C circuit ,the semi — circle lies to the left of OV. As before, it
may be proved that the As before, it may be proved that the
equation of the circle shown in ( b) is:

X2+[Y- (V/2R]?=V?/4R? - The co -ordinates of the center are X=0,
y=V/2R and radius=V/2R. As before, Power developed would be
maximum when current vector makes an angle of 45° with the
voltage vector OV. In that case ,currentis |_/V2 and

P_=V.l_/2




(W) Constant reactance but variable
resistance cct.

(C) (d)

WL v

L ﬁxjg |
s ]

L
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From the cct. In fig. ( C) it is seen that cct s. having a constant
reactance but variable resistance or Vice versa have the following
properties : (i) the current has a limiting value . (ii) the power
supplied to the cct, has a limiting value also. (iii) the power factor
corresponding to maximum power supply is 0.707(=cos45°).
Obviously. The maximum current in the cct. Is obtained when R=0

Im=V/X =V/w.L ..forR—Lcct. Im=V/X=V/w.c ...forR—c cct.

Now, power ( P ) taken by the cct. Is V.l cos® and if Vis constant,
then Pal.cos © . Hence, the ordinates of current semicircles are
proportional to l.cos 6 . The maximum ordinate Possible in the

semicircle represents the
maximum power taken by the cct. .




The maximum ordinate passes
through the center of semi- circle so

that current vector makes an angle P

of 45° with both the diameter and n

the voltage vector OV . KA
Obviously , power factor <

corresponding to maximum power e - 0

intake is cose45°=0.707 s e 4.‘ (e)

Maximum Power :
P.=VxAB=vx(l_/2)=(1/2).V. ] Now, for R- L cct. | _=V/X_
P.=(V3/2.X)=V?/2.w.L ForR-C cct. P_=(V?/2.X)=(V? w.C) /2

As said above , at maximum power, 6=45° ,hence vector triangle for voltage is
an isosceles triangle, which mean voltage drops across resistance and reactance
are each equal to 0.707 of supply voltage i.e. V/V2. As current is the same, for
maximum power, resistance equals reactance i.e. R=X (Or Xc). Hence, the
expression representing maximum power may be written as




(4!%) When R and X Constant

i
W
":o|
® L
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A
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With R and X constant, the maximum power that can be
transmitted by such a circuit occurs when the extremity of current
vector OA coincides with the point of tangency to the circle of a
straight line drawn parallel to OB. Obviously, v times AE under
these conditions represents the maximum power and power
factor at that time is cose 02




Example 1 : A circuit consists of a constant reactance of 50
in series with a variable resistance. A constant voltage of
100 v is applied to the cct. Show that the current locus is
circular. Determine (a) the maximum power in put to the
cct. (b) the corresponding Current, p.f. and value of the

resistance..

Solution:
(a) 1 =V/x=100/5=20A
P_=(1/2)V.I_=(1/2)x100x20=1000 w
(b) At maximum power in put current, is=0 A
.. OA=1_/v2=20/v2=14.14 A, P.f. =cose 45°=0.707
R=X=50Q




Ex.2: If a coil of un known resistance and reactance is connected
in series with a 100-v, 50 HZ supply, the current locus diagram is
found to have a diameter of 5A and when the value of series
resistor is 15 Q, the power dissipated is maximum. Calculate the
reactance and resistance of the coil and the value of the
maximum power in the cct. And the maximum current .

solution : Let the unknown resistance and reactance of the coil be R
and X respectively. Diameter (d)=V/X, : 5=100/X or X=20Q
Power is maximum when total resistance = reactance or
15+ R =20 :. R=5Q
P_= V2/2X =(100%)/2x20=250 watt ,
|_= 100/V(202+52)=4.85 A




N\

I Post test |

Ex .3: A constant alternating sinusoidal voltage at constant
frequency is applied across a cct. Consisting of an inductance
and a variable resistance in series. Show that the locus diagram of
the current vector is a semicircle hen the resistance is varied
between zero and infinity . If the inductance has a value of

0.6 Henry and the applied voltage is 100v at 25 Hz . Calculate :

( a ) the radius of the arc (in amperes) and (b )The value of
variable resistance for which . The power taken from the mains is

maximum and the power factor of the cct. At the value of the
resistance .

Solution :
X =w.L =0.6x2xTTx25=94.26 Q ,
(a ) Radius=(V/2). X=(100/2)x 94.26= 0.531A

(b) R=94.26 Q for maximum power factor=0.707.




EX(4): For the cct shown find (1) Thevinins equivalent (2) Find RL which
connected with the equivalent when it dissipation Maximum Power (3) Find Pmax.

010 W
=
5 o0
NGy S |
88&\ S0k 0 P
Zth=10Q)
Ri=10Q

Pmax.= 15.62 watt
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 To learn Resistance measurement
method
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Aim of lecture :
To let the student be able to learn how he was measuring
Qhe different resistances .

~

J

Pre test

Define : resistance

Ohms law

Solution: ohm's law: V=IxR

Resistance:

it may be defined as the property of a substance due to
which it opposes the flow of electricity through it .
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:.RP=R.Rv/(R+Rv)
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e Jeans Ll 5 0 Judas gl
| f.s= (ERp)/Rm(Rp+R1)
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Rx=[Rp+R1][(1-s)/s]




Ex 1:

Ampere meter we went to used it as ((series type
ohmmeter)) measured resistance with series. It have
(full scale defection F.S.D ) equal to(50uA) the voltage
with open case(a,b)is (6v) we change F.s.D to
Zero and connected (R,) unknown it make F.5.D=1/4

find (R,)

lliag A5l o daglaall (ulieS dalasinl ol yy HLd (ulie
el 5 Sie 50 W laia 7l ALl 5 il il
Oelall it g, (A 586) (o (o, N)al YT s st 4l sl
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V=hY T

/ [m=20u
O ot
L—} Rx
A

\_

Rh=V/Im =6/(50x10" )=120k
S=|m/|F.s.=1/4=O.25
Rx=(Rp+R1){(1-s)/s)}

. Rx=120{(1-0.25)/0.25)}=360k

Bo

™
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3- Shunt type ohmmeter

< x

:.S=Rx/(Rx+Rp)

’

When Rx is out from the cct. :

|Fs.0.= E/(R1+R2)
When Rx put in the cct.

Im=E/[(Rm+Rx)/(Rm+R1)]
S= Im/IF.s =[Rx.(R1+Rm)]/[(R1+(Rm+Rx)+RmRx] Ao el 308l Jalaa 5f Fsaucal

EHNAN g5 Aagliall Lulita
8 (15805 i i SLYH 355 Lasie
( Rx ) xic (Rx=0) sta=cnliall
adaguial (S Gl e jdisall G
Gaob o o) JalS 3 3l e J panll
gl dliaws (3} (R ) ) Awmlic 4ad 150
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Rp=R1Rm/(R1+Rm)
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Ex:- The Bridge shown in figer . There is Un balanced with it by
change (400Q)) equal to (xQ). Find the currents of the bridge and
the voltage and current of meter. We let (X=1Q) .Find:
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al gall 45 a9 Bac Eo=EN-Ep

En=E. (B/A+B)={1000/(400+100)}x4(4000/5000)
Also ;Ep=R/(R+X+x)=4x{100/(500+X)}

Eo= 4{(1000/500)-100/(500+x)}

:.E0=4.X/2500 =E =1600X (micro volt)
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R ae(X+x) 0l sis .. Ro=[B.A/(B+A)+{R(X+x)/(R+X +x)}]

Ro=(1000x4000)/5000+{100(400+x)/(500+x)}

:.Ro=880 Q
L Al o ¢ 880 8 LS 3l R0=880

Fo=1600¥ lo
E/(R+X+X) — |D(X+X)/(R+X+X) =IR Rg=100

Ix=(E/(R+X)+ID(R/R+x), also we can
found Ia,lB

Eo=1600x1=1600uv , lg=Eth/(Rth+G)=1600/(880+100)=1.63uA

5ealill = jlalixdauleall =1.63x0.1=16mm
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Post-Test

Ex2: D.c Amper meter F.s.0=1mA , Rm=240Q we found
% F.s. D.=2000Q (Rh) ,E=3v Find (Rp, R1).

gl 3= A el Al ) ol 2000 =z el 85adl Caiai da lae Gl a5 s
el JLaidy Legriad aaas sy Al s (Rp, R1) e sl

solution : Ix=3/2000=0.0015A |, IFs.0=1 mA
.. IR2=0.0015-0.001=0.0005A
R2.IR2=Rm.Im .. R2=(24x0.0010)/0.001=48Q)

Rp=(RmxR2)/(Rm+R2)= (24x48)/(24+48)=160Q

:.R1=2000- 16=1484 Q
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 Definition 3- phase circuits

 TO learn stare and delta
connection .

S 4




e D

Aim of lecture : To make students
able to how to generate alternating
current one phase and two stages and
three phases with the knowledge of
how to link the star and the triangle and
the characteristics of each link in the
case of preghancy balanced and
unbalanced

& 5




ﬁre test: Custom pregnancy \

balanced and unbalanced load

G)Iution: \

Balanced Load: means that the same amount of passes in
each branch currents loads have the same values You
attempt the same amount of power. and be here equal
powers in three phases.

The unbalanced load:

Is load harm pulls different streams in every phase of its
three phases imbalance loads values in each phase. Thus, the
Value or the amount of each phase is different according to

Qvalue of load . J




/< ?phase circuits >

T Y

/ Generator with more than one winding is which the induced
e.m.f. are of the same amplitude(4=~~+)and frequency but are shift in
phase are called poly phaser generator .

The most Common (&lil)used in practice (Lle) for generation
transmission ( Jaill)and distribution (x.54)of electrical power is the
3-® system .

We can Commends or adopted ( sl 25) to 3- & quantities
(©lwsS) as(1,2and3), (UVand W), (R,Sand T)

\




Waves form

V,=V,, .sinwt

: \ a \
/ \ / \
/ \ /

VA e \// ' \

V=V, .sin(wt- 120) V=V, .sin(wt- 240)




Star connection

( Y ) VAN= Vph
A 1=l @ A
k Vas=Vi
égr\w @ B
O
C _ Vec=V Une
IC‘IL C

3-® connection generation

3-® connection generation

VanVen and Vey =V,
Vyg, Vgcand V=V

Iy g and 1= 1= 1oy

Line




Vpig= 3 )¢VAN , =3 prh , IL=I|Oh
Power in star connection (in balance case)
P=P, +Pg + P_:. P =3P,
=l V= 33V,
..P=3 (V /¥3) xI, .cose (watt)= V3V, .l cose (watt)
[Active power ]

S=/3 V. (V.A) [ Apparent power]
Q=/3 V, .l sine (var) [ Reactive power]
Voo a—




Delta connection
(4)

ph _
= =50
v 17 g |
3-® A connected generator C | ©
VAB=VL=Vph
Vag » Vo and Vi, =V =V, 3-® connection
b ats and |, i S

L andl.=1,




Power in delta connection (in balance case)
P=P, +P,. + P, :. P =3P,,

P= 3, X1, xCose Butl=[3xl,, V=V,
. P=13 XV x I, X.cos (watt)

S=/3V, I, (VA)

KQ:@ V, .1 sine (var)




Ex 1: A balanced 3-® , -Y- connected Load has
( R=8 Q) and XL=6 Q for each phase supplied
from 3-® generation with (V=400v ) Find :

1) Line current 2) Total Power y
¢ P C
| X =6
o)
V,=40
Ov & Ohm

c 8 Ohm 6Q) som




/@n:
lon = Vor/Z, Vi= 3V, Vo =V, /¥ 3 =400/13=231 v

ph /

1Z |=VR? +X12= /82 + 62 = 100

O=tan ! X/ /R :. © =tan 16/8=36.8°
. Z=10<36.8 , |, =V, /2=231/10 < 36.8

. 1,=23.1<-36.8A =1,

p=/ 3V, I cos O 3x400x23.1xc0s-36.8

(HSOOwatt




p

( Ex2: A balance 3-®, (A) connected Load has
( R=15Q) and (Xc=20 Q) for each phase applied
from 3-® generator with (v=220v) find :

1) Line current 2)Total power dissipated in

Qhe cct.

™

/

L 200

g‘lﬁ Thim




L=

@tion:
ElS. (A i 13

1Z |5/152 + 202 =250, e=tan-l- 20/15=-53.1°
.. 2=25<-53.10Q

on= 220/25<-53.1=8.8<53.1 A

=) 31, = 3x8.8 <53.1=15.24<53.1A

P=/3V,. I, cose =/ 3 x220x15.24xcos 53.1

t3487 watt

2

g




L RN

ﬂEx3; For the cct. Shown the voltage of the
generator is (110v) calculate Line current value

1), Ig, I and sketch the phase diagram .
.

J

1 110<120 v
110<240v BJ/
110<0v B

4 ¢

\ 4







~

‘EX4: 3-® cct. With(4)line and voltage=280<10 v, The N
Points A,B and C are connected to N equal impedance
for star (20<-30 Q). Calculate :Line current value
And sketch the phaser diagram.

. >

Y

%
T 120<10=VAN

V,=V,=280v l

N
l Vg =120<130
v :

B o
V

=120<250 v 4
C ]
IA




mtion: V= 3 XV, L Vo=V 3
V,,=280/ 3= 120v

A= 120< 10/ 20< -30 = 6<40A
s=120<130/20<-30=6<160A
=120<250/20<-30=6<280A
n=latlgH-=6<40+6<160+6<280

. 1,=0 A

N

When we convert to J — operator we find:

\

\




" EX5: The cct. Of the stare(Y) Generator as shown in figer :- )
a) Find the magnitude of the Line voltage .

b) Find the Line current.

c) Verify (&) that since the Load is balanced, IN=0

120<0=EAN

Eca

120<120=
Ecn
120<-120=EBN




—_
(" )

a)E,=V3.Eph =1.73x120=208v=EAB=EBC=ECA

b)Vph=Eph :.Van=Ean ,Vbn=Een , Vcn=Ecn
\_

/ . {

|ph=|an=Van/Zan=120<0/3+J4=120<0/5<53.13=24<-53.13 A
Ibn=Vbn/Zbn=120<-120/5<53.13=24<-173.13 A

g |cn=Vcn/ch=120<120/5<53.13=24<66.87A P
|

(L=|ph A /|N=|Aa+|Bb+|cc \L

.. lAa=lan=24<-53.13 A lna=24<-53.13 A =14.4-j19.2
lbn=1bn=24<-173.13 A IBb=24<-173.13 A=-23.83-j2.87

\_len=len=24<66.87A )\ |cc=24<66.87A=9.43+j22.07

.. IN= 14.4-j19.2+-23.83-j2.87+ 9.43+j22.07 =0




Ex6: For the cct. Shown below Calculate lines currents,
Sketch the phasor diagram and find different powers .

|

@ I

Van=120<-90°
AN=120<-30 j 7=20<-30°Q

N @ l
— 0
* CII Ven=120<30 /éoqom

I3
Ven=120<150°

C




Solution
Ex6

.

li=loh  |a=Van/Zp=120<-90%20<-30°=6<-60° A
|8=V8n/ZP=120<30%20<-30°=6<60° A

|c=Ven/Zp=120<150%20<-30°=6<180° A

o

)

\v/ P=3xVplpcosd

DY

=3x120x6x0.866=1870 watt

S=P/cosp=3Vplp va
=3x120x6=2160 V.A
Q=Ssin$=Ssin30

\ =2160x0.5=1080 VAR )

_/

-~

VcN

Ven

N




" Ex7: For the unbalanced system shown calculate the
current at each phase and currents lines ,the dissipated
power at the load when the phases as (abc) .

\ —— _g—
V4 N
|cC

Vca

|ca

100v lbs Vab

|bc
4Q)

C b |ab
1 13 80 lan
Vbc

|L2




T .

Vab=100 < 0=100+j0 v , Vbc=100<-120=100cos(-120)+j100sin-120)

Vbc=-50-j86.6v , Vca=100<120=100c0s120+j100sin120
Vca=-50+j86.6 v

/lab=Vab/Zab=(100+j0)/(6+j8)=10<-53 A lbc=Vbc/Zbe=(-50-j86.6)/(8+j8)=9<15 A\
|ca=Vca/Zca=(-50+j86.6)/(4+j3)=20<156 A |L1=laa=lab+lac=lab-lca= 10<-53+ 20<156
|L2=lbB=lbc+1ba=lbc-lab= 9<15 - 10<-53 . 111=29.1<-33.2 A

.. lL2=16.73<165 A |L3=lcc=lca+lcb=lca-lbc= 20<156- 9<15
.. [13=14.94<52 A /-
Pab=(lab)” xRab=10 “x6=600 watt Pbe=(lbc)” xRbe=10 *x8=800 watt
Pea=(lca)” xRea=20 > x4=1600 watt :.P1=600+800+1600=3000 watt
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It IS very important to study
Three phase power measurement
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measurement
e TOo learnwattmeter's method.

A

/- Definition Three phase powelN

/




Aim of Lecture : To learn the student how he was measured single
and 3-phase power

4 )
Define : Active ,reactive

and apparent power
[ Solution ] AN J

- D
P=V.lcosB watt (Active power), Q=V.Isine 8 var (Reactive Power)

S=V.I (v.A) (apparent power)
- Y,




[ (1) Single wattmeter method : This cct. Is suitable only for

a balanced load

|

| o 45 il Jlaa Sl i 55 / 3 jie _yisalaly iy 5o

currait coll

rd :

SUDD[}" [of voltage col Lo
: |

P=3P1

seall Cal Lay y olas) BaaY

ia Jaall slaily Ll

DLl ulia aga JAaY
iatl gdl) 39\}@

I=

1

o ( o
11 -
Iz 11
§ HiGH
supply R e
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P=iA.Vaa +iB.VBs+ic.Vce (2) Two — wattmeter method

It is suitable for Y-cinnected or

A-connected [ O ialal g A8y 4l ]

Balanced or un balanced loads .
The load Power is sum of the Wi m a,
meter readings +- +,

IA = instantaneous current in
meter W1 &
VaN —=Ven= instantaneous voltage T

coil of W1 v en—V BN @
also | (r‘m - OC

+,-

lc = instantaneous current in W o c

meter W2 Load

Ven —Ven= instantaneous voltage
oil of W2

Most often used




There for:-

The instantaneous Powers measured by each
Of these instruments are :

P1=ia(VAa —VBb) , P2=ic(Vcc — VBb)

.. P1+P2 =P=1A(VAa —VBb) + ic(Vcc — VBb)...(1)

.. P =1AVAa - ia VBb + ic Ve - ic VBb

= AVAa + ic Veec — VBbX(iA + ic)....(2)

4 R

With balanced or Un balanced load, the
algebraic sum of the currents at the neutral
point of a Y- connected load must be Zero
(for a 3- wires supply )

. J




IA+iB+ic=0 Or; |A+1c=-IB....(3)Substituting u=: 53 from Eq ..(3) in Eq..(2)

P=lavaa +|cVec+|BVED ....(4) Eq..(4) is identical Bl Eq (1) showing that the sum

Of the instantaneous powers measured by the two watt meters is equal to the
total instantaneous power dissipated in the load .consequently the sum of the

two watt meters readings is the average power dissipated in the 3-phase load .
It can also be shown that for a A - connected load the two watt meters indicate

the total power dissipated . In this case the wattmeter current coils carry
instantaneous currents of iA-Ic and ic-iB . The voltage coil instantaneous potential

Differences are :- -Vaa and — VBb . The sum of the meter readings is :-
P=Vaa(lA-lc) - VBb(lc-1B) =VaalA+VeIB-lc(VAa+Vab)
For A - connected system, there is no circulating current and :-
Vaa+VBb+Vce=0  or: Vaa+VBb=-Vcc giving P=Vaala+VeblB+Vccle ....(5)
Eq ...(5) is once again the same as Eq ..(1) , showing that the sum of the meter
readings gives the total load power .




ﬁ)r Due to Different connections
a) Wattmeter reading =V1 cos

$.1
=(v.cosd+ Vx ).l
=V.Icoscl)+Vx.I=V.Icosc|)+I2.r
=Power inload +power in
current coil

b) wattmeter reading
=V/(lcosd +Ix)
=\.Icosd+V.Ix =V.Icosd +V°/R

= Power in load +power in
Pressure - coil circuit

supply

T

VI ood

|

(o)

L)

W

T

thad




Example (1):-

A dynamometer type wattmeter with its voltage coil connected
a cross the load side of the instrument reads 250w . If the load
voltage be 200v , what power is being taken by loads ? The
voltage coil branch has a resistance of 2kQ. Calculate reactive and
apparent power

Solution :-

Power consumed by Voltage

C0i|§V2/R= s 1
200° /2000=20 watt x

.. Power being taken by load

= 250 -20 =230 watt I c0Uv
Q=VIsin® o ‘




EX (2) -~ The current coil of a wattmeter is connected in series with an

ammeter and an Inductive load .
A voltmeter and the Voltage circuit of the wattmeter are connected

A cross a(400 Hz) supply . The a meter reading is 4- 5 A and voltmeter and
wattmeter reading are respectively (240v, 29 watt) . The inductance of the
voltage cct. Is (5mH)

and its resistance is (4k) . If the voltage drops across the a meter and and
current coil are negligible , What is the percentage error in wattmeter reading?

4010
Efz AL




Solution :

The reactance of the voltage coil cct. Is

Xp=2TTxfxL = 2TTX400x5x10" = 4T]Q

tan6=Xp/R=4 TT/4000=0.003/42 :.6=0.003142 radian
(angle is very small) :.0= 0.18 Or 8=0 11

cosd
cos6.cos(d — 0) xactual reading

True reading=

cos .
V.Icosd = — ¢ ‘ V- actualreading
cos@.cos(d — 8) xactual reading cos(d — 0)

Cos(¢p —© )=0 29/(240x4.5)=0.02685 :.p — 6 =88 28"
Or ¢$=88 39 . Percentage error= {(sinB)/(cotd +sinB)}x100
={(sin11™ )/(cot88 39~ +sin 11~ )}x100={(0.0032/ (0.0235+0.0032)}x100= 12%




/ (3) Three — Wattmeter methods
Gl yhaadal g DG 48y Hha

P1=VplpcosO

Y- connected load 4- wire
un balanced load .

.. PT=P1+ P2 +P3

( For a balanced load only

one meter is required .)

L

e s
Vp
1
gha)
SN
(f‘ﬂi’“:- +*_¢p

- T e~ T . . . . =



e

P1=Vp lpcosB

L

P3

A- connected load un balanced load
For a balanced load only one meter is required.




Post test>

Ex(3):-
The Load a balanced A- connected is supplied from

a Y- connected generator as shown. The load consists
of R1=R2=R3=33.3Q and L1=L2=L3=523mH .

The supply has a phases voltage of 115.5v and f=60Hz
. The power dissipation measured by

the two-wattmeter.
Calculate :-
the Load power and Power indicated by each wattmeter




Solution:
P=3Vp.lpcos d , P=V3 VL .IL .cos ¢
VL=200v Ip=1A, I1L=1.73 A $=80

VL= V3 Vp= V3 x 115.5 =200v i I
XL= 2TTf.L=2x60x523=197.2Q

[1=72=73=R+jxL=33+j197.2Q 2

. 1ZI=v33.3” + 197.2 > =200Q
lipl=11=12=13+VL/Z=200/200=1A :

1

IL=V3lp=V3x1=1.732A i Ic
at Load : Gererater

Vph=VL=200v :.P=3Vp lp

cosd=3x200x1xco0s80.4=100 watt

P=vV3 VL IL cosd=V3X200x1.73xcos80=100 watt
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/- Definition Three phase powelN
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Aim of Lecture : To learn the student how he was measured single
and 3-phase power

4 )
Define : Active ,reactive

and apparent power
[ Solution ] AN J

- D
P=V.lcosB watt (Active power), Q=V.Isine 8 var (Reactive Power)

S=V.I (v.A) (apparent power)
- Y,




[ (1) Single wattmeter method : This cct. Is suitable only for

a balanced load

|

| o 45 il Jlaa Sl i 55 / 3 jie _yisalaly iy 5o
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P=iA.Vaa +iB.VBs+ic.Vce (2) Two — wattmeter method

It is suitable for Y-cinnected or

A-connected [ O ialal g A8y 4l ]

Balanced or un balanced loads .
The load Power is sum of the Wi m a,
meter readings +- +,

IA = instantaneous current in
meter W1 &
VaN —=Ven= instantaneous voltage T

coil of W1 v en—V BN @
also | (r‘m - OC

+,-

lc = instantaneous current in W o c

meter W2 Load

Ven —Ven= instantaneous voltage
oil of W2

Most often used




There for:-

The instantaneous Powers measured by each
Of these instruments are :

P1=ia(VAa —VBb) , P2=ic(Vcc — VBb)

.. P1+P2 =P=1A(VAa —VBb) + ic(Vcc — VBb)...(1)

.. P =1AVAa - ia VBb + ic Ve - ic VBb

= AVAa + ic Veec — VBbX(iA + ic)....(2)

4 R

With balanced or Un balanced load, the
algebraic sum of the currents at the neutral
point of a Y- connected load must be Zero
(for a 3- wires supply )

. J




IA+iB+ic=0 Or; |A+1c=-IB....(3)Substituting u=: 53 from Eq ..(3) in Eq..(2)

P=lavaa +|cVec+|BVED ....(4) Eq..(4) is identical Bl Eq (1) showing that the sum

Of the instantaneous powers measured by the two watt meters is equal to the
total instantaneous power dissipated in the load .consequently the sum of the

two watt meters readings is the average power dissipated in the 3-phase load .
It can also be shown that for a A - connected load the two watt meters indicate

the total power dissipated . In this case the wattmeter current coils carry
instantaneous currents of iA-Ic and ic-iB . The voltage coil instantaneous potential

Differences are :- -Vaa and — VBb . The sum of the meter readings is :-
P=Vaa(lA-lc) - VBb(lc-1B) =VaalA+VeIB-lc(VAa+Vab)
For A - connected system, there is no circulating current and :-
Vaa+VBb+Vce=0  or: Vaa+VBb=-Vcc giving P=Vaala+VeblB+Vccle ....(5)
Eq ...(5) is once again the same as Eq ..(1) , showing that the sum of the meter
readings gives the total load power .




ﬁ)r Due to Different connections
a) Wattmeter reading =V1 cos

$.1
=(v.cosd+ Vx ).l
=V.Icoscl)+Vx.I=V.Icosc|)+I2.r
=Power inload +power in
current coil

b) wattmeter reading
=V/(lcosd +Ix)
=\.Icosd+V.Ix =V.Icosd +V°/R

= Power in load +power in
Pressure - coil circuit

supply

T

VI ood

|

(o)
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W
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Example (1):-

A dynamometer type wattmeter with its voltage coil connected
a cross the load side of the instrument reads 250w . If the load
voltage be 200v , what power is being taken by loads ? The
voltage coil branch has a resistance of 2kQ. Calculate reactive and
apparent power

Solution :-

Power consumed by Voltage

C0i|§V2/R= s 1
200° /2000=20 watt x

.. Power being taken by load

= 250 -20 =230 watt I c0Uv
Q=VIsin® o ‘




EX (2) -~ The current coil of a wattmeter is connected in series with an

ammeter and an Inductive load .
A voltmeter and the Voltage circuit of the wattmeter are connected

A cross a(400 Hz) supply . The a meter reading is 4- 5 A and voltmeter and
wattmeter reading are respectively (240v, 29 watt) . The inductance of the
voltage cct. Is (5mH)

and its resistance is (4k) . If the voltage drops across the a meter and and
current coil are negligible , What is the percentage error in wattmeter reading?

4010
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Solution :

The reactance of the voltage coil cct. Is

Xp=2TTxfxL = 2TTX400x5x10" = 4T]Q

tan6=Xp/R=4 TT/4000=0.003/42 :.6=0.003142 radian
(angle is very small) :.0= 0.18 Or 8=0 11

cosd
cos6.cos(d — 0) xactual reading

True reading=

cos .
V.Icosd = — ¢ ‘ V- actualreading
cos@.cos(d — 8) xactual reading cos(d — 0)

Cos(¢p —© )=0 29/(240x4.5)=0.02685 :.p — 6 =88 28"
Or ¢$=88 39 . Percentage error= {(sinB)/(cotd +sinB)}x100
={(sin11™ )/(cot88 39~ +sin 11~ )}x100={(0.0032/ (0.0235+0.0032)}x100= 12%




/ (3) Three — Wattmeter methods
Gl yhaadal g DG 48y Hha

P1=VplpcosO

Y- connected load 4- wire
un balanced load .

.. PT=P1+ P2 +P3

( For a balanced load only

one meter is required .)

L

e s
Vp
1
gha)
SN
(f‘ﬂi’“:- +*_¢p

- T e~ T . . . . =



e

P1=Vp lpcosB

L

P3

A- connected load un balanced load
For a balanced load only one meter is required.




Post test>

Ex(3):-
The Load a balanced A- connected is supplied from

a Y- connected generator as shown. The load consists
of R1=R2=R3=33.3Q and L1=L2=L3=523mH .

The supply has a phases voltage of 115.5v and f=60Hz
. The power dissipation measured by

the two-wattmeter.
Calculate :-
the Load power and Power indicated by each wattmeter




Solution:
P=3Vp.lpcos d , P=V3 VL .IL .cos ¢
VL=200v Ip=1A, I1L=1.73 A $=80

VL= V3 Vp= V3 x 115.5 =200v i I
XL= 2TTf.L=2x60x523=197.2Q

[1=72=73=R+jxL=33+j197.2Q 2

. 1ZI=v33.3” + 197.2 > =200Q
lipl=11=12=13+VL/Z=200/200=1A :

1

IL=V3lp=V3x1=1.732A i Ic
at Load : Gererater

Vph=VL=200v :.P=3Vp lp

cosd=3x200x1xco0s80.4=100 watt

P=vV3 VL IL cosd=V3X200x1.73xcos80=100 watt
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V. N
 Definition It Is very important to

study Electromagnetism

ZENTICIR DPRVINGG

any electric closed circuit .

 To study Magnetic field of solenoid
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Aim of lecture :

To let the student be able to
learn the magnetic field of
conductor carrying current
and another effects it .



Ex:(1) Find magnetic flux density when
A=0.02m’ , W=50uwb

|

{ B=W/A=(50x10"°)/0.02=25x10™ Tesla ]

-
When : W=magnetic flux (Weber) , B=magnetic flux

density (web/m?)= W/A (Tes)

.

~




The elements effects of the flux density \

oaadl) LU o 5 )igall Jal gali

Bal/A ,Bal/L ,BaW,Boap
GL....A\ phaie dalie ae LuSe i Galt
Dbl & gig il a3 e cauliti g 4l sha s
o=l 4 Ll
Ex.(2)Calculate magnetic flux witch

produce magnetic flux density
(0.03 Tes)

When the vertical Aria at the flux SN ﬁ:i\
equal (0.01 m?) (/f’ \ W/(/(/ES‘“\ V)

PR N\ / // W/ /)
Solution : \ \:& =2

@=O.O3x0.01=3x104 wb ool bl
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F=B.L.|
F= Force at conductor (Newton)
B=magnetic flux density (web/m2 ) or (Tesla)
L=length of the conductor (meter)
|I=current at conductor (A)
When the conductor containing (6) with the field
then:
F=B.L.I .sinB
0 = Angle between the conductor and magnetic field.




Ex.(3):

A conductor caring current (400A ) and make angle with
the magnetic (90°) If the flux density equal (0.5 Tes),
Calculate the force at the conductor if the length

Of the conductor equal (2m) .

Solution : F=BLI=0.5x2x400=400 Newton

KEX(4)Z \

conductor length (1m) the current flow it (200A)
,0=30° , B=0.25 Tes find F

Solution :
F= BL.1.sinB=0.25x1x200x0.5=25 Newton

\_ /




Permeability (n)  4plall
bl oy bl Gl Jua g e saldl AL (W8 a
(G) bl (A dda sal
iy =4TTx107 H/m {Air permeability} &80l 5l ) sl L0las ol

ST Lialas Al o gall e g (Apdalize Llall ) &1 8l 40305 (e 8 Ledlis 3l o) gall e
&1 Al 43l ) Al fas Adle Leipdlan Al o) gall Ll | (dpsdalinal Ll ) & all 4300 (e DL
(dnpaall ) e
u (& DAl 4308 45 jlaa salall 4,085 4 5) dpanll dy3la) ) (o skl 40)

1= & il Bl Ly 8 g i Goolls il ) (=1 g1l

C(EIA A (e 3y YT B2 N1100) e s i dalle 3 L clly oI g sl 5 S8l
salall sdalinall bl o adiad Lail 5 4 3alad Wl ) laie cand 433800 )
el (5 Lehan g5 Balall & (] AAUS da )

Ex.(5) :When (pr ) for aluminium equal( 1.00002 ) find (u) .

(L =n/1)

Solution : b= u/ VRN TEg VR

r o

.. u=4TTx107'x250=3.14x10" H/m




Reluctance[r] ( 4x<laal¥l)
Uandll baghad g sl dalisall o) gall Lgpani ill dca el 4

Dball ala g pdaitall dalisa g Jshall —; e aaiad g LA nlalizall

(R=L/mA  AT/web (sl 4l )

L= ( ie) bzl il Jsha
A= (e sie) Sl o 40 galall dalisall
U= ( )“-‘A/LSJJA) 3Ll 4\43\3.1
& yall YT sl




Ex.(6)
Calculate the reluctance of the cobalt if the reduce (0.001m) and

length (0.03m) .
'8 for cobalt =250, calculate reluctance of cylinder from cobalt its

radiance ( 0.001m)
And length (0.03m).

Solution :
eR= L/u .A = (3x102)/(3.14*x10)x(TTx10°®)
=30.39x10°(A.T/wb)

P=p 1 -4x]'[x107
X250 3 14x10™ H/m




Magneto motive force (AT) Fuuhlizall 4xdlall 5 5l

Al Sl dxdlall 58l Q&S a5l g e Calal] 448
Adl, il Lghas
m.m.f=N.I (A.T) N= caldi il aae
Magnetic field intensity (H)  ssbabizall Jlaall 305
Jiaall 328 o pua die conda Lisall o gagll alag) (S (pmnlalinall Jlaal) 3580 (il 4
Al il n gan Oy esslalinall Jagugll ) bl 3 30l eslalinall leaall J ghas
Al 5eSH 5 _alall 4 Ll

lefAdl ) Whan 55 alinall jlaas¥i ol daizaall 3 8l Llal wnblizall Jlal 308 o i(H)

H=N.I/L (AT/M ,  B=pH (Tes.)




Ex.(7):
Coil Ring has(100 turn) and length (6mm), (200A) current flows

through it.
Calculate magneto motive force (M.M.f.) . Magnetic field

intensity (H)
Solution: M.M.f.=N.I=100x20=2000 A.T

H=N.1/L=(2000/6x10°® )=33.3x103 AT/m

Ex. (8)
Coil Ring has(100 turn) and length (6mm), (200A) current flows

through it.
Calculate magneto motive force (M.M.f.) . Magnetic field

intensity (H)

Solution :
H=NI/L :.10=100xI/0.1:.1=10A , B.n_.H=4T]x107x10"
=12.56x10"> wb/m?




Magnetic field of toroid ~ ala cald bzl Jlali

Jase (R a3 o B ] AUS ;538 I
- olial A8Mally Jasy o
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Ex:(9)
A coil ring (500 turn ) Around on wood ring its radius (0.1m)
.Calculate flux density at point on arc of the ring when the current

flow through it equal(0.03A)

Solution :
B=p.n.I , Nn=500/2T7x0.05 , [3=(4]'[x10'7 x500x0.3)/2TTx0.05
=6x10% wb/m

Ex:(10)
o _yhad Caiai o sia 5 (500) daseail] 403l sapas (e (a5ila(500) 4l sae il Cile
<l 4 3wi(0,5)

solution :
W=l M =4]'[x10'7 x1500=1.885x10"> wb/A.m

B=w .n.I=N.I/2TT.R :. 1=(2BXTTxR)/w.N= (2]Tx0.5x0.1)/(1.885x10)> (500)
=0.333A




Magnetic circuits Apwhlizdl il sall

@simwis)zmiw@gmaﬂgubmsz:‘;wgwiuamamuu\
Opraie (e dgubalizall il oall ol | wdalinall oandll 4l o301 lusall Laly (o ys
Lo sl sl el Lagaili g dpdaline d8la ) 4y 5eSH A8Uall J ga all colilall Lagd o
g_u.u..ﬂj) 4.@-\\.&.&40 %h&d\ ‘).1\}&3\ U:u\jﬂ UJ ) L_MLJ\ UAG_\LJ\ ua...\sj\ ‘\:’Sﬂcfj\ Gm..gk\_\ad\
Al eIyl gall oyl g8 (A slosa

(A)axkiodalioa (L )4lsh oshline jlae dlliagy (1) S Jesy (N) 4ldl dee Cald( B (il 4858
B=p.N.I/L, H=N.I/L (AT/m) , :. B=p.H, W=B.A =(p.N.I/L).A= (N.I/L)xp . A

because, m.m.f=N.I (A.T) ,
: (R=L/n.A :. W=m.m.f x(1/(R)

| —— = - W=m.m.f/(R web.

T
it

s OB e Y sl and JasY
o ZEEPVIN|
plalinall il gall 5 Ak jeSI il gall (py aia Ll




Al (il Lgunghalinall il pall 8 Laiss | U Gy i S0 (o 585 il el i gl 3
R e ebin allbga ahea gis il R 5 E.mf e aaim S o gl e
OsSie Calall agle al Al ISl g 4y jUaill 5 jlalie mum.fdia cald) Gl dphalinall i) sall a Ll
O AN Gl jlid gaaali s mll R e < (R lliaissndll o Lay 40 58 8 g 4llai s (4
el mal y Jaal e e Qi 5 sl 5 2l eSO 350l 8 Jom sill IO yuim Ly (gpanli &
| el 5 sl Aalaa 5 Al oS 5 ilall 3l

(1) Dependent (E.m.f) ,(RT) so that( W) dependent (m.m.f) ,((R)
. W=m.m.f/(R web. |I=E.m.f/R

Ex.(11)For magnetic circuit shown Calculate [(R ,® ,B ]when L=(1x10?)m
A=(1x10")m? , p=0.22 H/m

Solution : (R=L/u .A =1x107%/(0.22)(1x10™)
.+ (R=4.55x10°> wb/AT

m.m.f=N.I1=4.5x2=9 AT
W=m.m.f/(R =9/4.55x10°=1.98x10°> wb

B=W.A=1.98x107/1x107
=198 wh/m?




Ex.(12): For the cct. Shown if Length=0.06m , nober of turns=200T, the current

flow in it (2A), find magnetic motive force, reluctance ,magnetic field intensity
, when p=0.2 H/m

Solution :

m.m.f=NI1=200x2=400 A.T
H=m.m.f/L=400/0.06=66.6x10°> A.T/m
B=p .H=0.02x66.6=133.2 wb/m?

Complex magnetic circuits
S ) dpdaliaall i) sall

A7

Oife e O sSH dplaling 3 il Gl i il
LS sy b iy A dipll | saall o
L, o8 A&l Johall i bl Joall &
N L, s b Auall Johll gy
b ahicdalusa, o A aimll ahic dali
Koo A el jidl @)
Laa Cprtiall Ualaa o 5Sa8 dalladll p 4l

R,=L /W3, R,=L, /W2,




ddalinall 3 yilall 40S) dpalaa¥l o | snoall Qlll e (el juail g A lll e calal) cal 13)
sl e dda g e LilS lialaall & sana (5 sl

(Rt=(L /na,) +{L/u .a,)

—p KU Gl ()
W=m.m.f/(Rt=N.I/(L,/ua )+(L /ua.)
Ex(13).

Ring its diameter (0.25m) and aria 10°m?, contain two Rings
,the first one made

From steel and the other one from iron.

Calculate : (m.m.f) to produce flux equal

(5x10™ wb) in the magnetic circuit. When (ur to steel=850)
(ur to iron=170).




el Circle=TJdiameter/2= TTx0.25/2=0.39 m
(Rt=(L/ua) +(L/ua,) , w=p /1,

.for steel p=p xp_, :. L =4TTx10'x850

.forironu =p xp, 1. 1 =4T1x107x170

..(Rt=[0.39/(4TTx107x850x103)]+ [0.39/(4TTx107x170x103)]=219x10 * AT/wb

W=m.m.f/(Rt :. 5x10%=m.m.f/219x10* :. m.m.f=1095 A.T




Magnetic circuits factors Amsdalizall 3 Al Jalza
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Ex: (14) For the cct. Shown find the current when ®a=1web
ur=400, A=1.2

Solution :
B =W/A =(1x103)/10> =1 Tes
H=N.I/L , :. N.I= H.L=B .L/u_
=[1/(4TTx107)]x0.001
=796 AT( 48 Jluall Jlaall 325 )

il Jalae x dsiall il = dpapaalf 28011 3 S il

W,=1.2x1=1.2mwb , p=(1.2x103)/103=1.2T
N.I=H.L=(BxL)/p, 1,=(1.2x0.6)/4TTx107x400 =1432 AT

_ 3 o) dadlal) 3 dll
Total (H)=N.I=796+1432=2228 , :.1=2228/400=5.558 A




I EX

(15)

Solution :
L=TTx0.2=0.628m , N.I=H.L

.. 1 =(500x0.628)/300=1.04 A

Ring from steel L=0.2m, a coil around the ring has (300T)
Calculate : the current which Produce flux density (0.6 Tes) .
And  Find p_ for steel .

1= (H.L)/N :. N.I=H=500 AT/m

u For steel= B/H=0.6/500=1.2x10" H/m

w=p /= (1.2x107 /4T1x1077)=955
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| Aim of lecture |

To let the student be able to identify the electromagnetic induction .

@e te@ Compare ohms law with magnetic flux

I=V/R Q

d=m.m.f/(R (Weber)




Selfinductance 31l &aall

Calall ol (5 sy (oA aie il Gl 8 Calall B Lall jlall s aie
Dl (Slad Gy olaily ()5S0 5 LD Aine 10 (3 48 1l g Lzl ity sl
e Y 255 Al Al dpalas o Bl () 018 Linda Ll adl

hdd pedl) Sl Dlaall ol Lay | (((alell 435080 sl )) lll 8 sl
Jiia Sy, alall Ll 8 et 3 ga g i Jadd Allad () oS0 Ailaall () pitig
1 il & 3

Ao g i (3,3 ) 8 Sl )5 e oo @l gl Ol L
e=N.dd/dt I ¥

ea (d¢/dt) a (di/dt)




bl 8 LRl et e S el s calalf 8 Ll Aol o (5 (s g
e=-L (di/dt) <¢mmmmm L =il dLad=

-L(di/dt)=-N(dd/dt) :. L=N(dd/di) :».L=N.AP/A i mp  Ailaall Lo i

e=AdN/At L=eL/(Ai/At) :. L=(AGN/AL)/(Ai/At) . L= Ad.N/Ai

®=B.A= (m.m.f/(R)=[(NI)/(L/pn A)] , B=pr.pn0. H=pr.p0 (IN/L) :.d=pr.p0 (IN.A/L)
Adb=pr.p0 (AIN.A/L) i L= pr.p0 (N °.A/L)(Henery)

Notes : L/pA=(R (web/AT )(Ad. sl us Amsdalinal dailaall ) dialaat)

ur=p/po(femsil) 4, 2aill) no=4TTx107 H/m (s)sel ),ur =1 (§)_41)




Magnetic reluctance [ (R]

d=m.m.f/(R (Weber)

1 EPRT

E . ; R I E%Eg i| st
[=E/F _
qD =R

®=flux , B=flux density




ﬂ. (1) \
A solenoid with 900 turns has a total flux of

(1.3?>x10'7 )wb through its air core where the coil
current is 100mA . If the flux takes 75ms to grow from
zero to its maximum level. Calculate the inductance of
the coil . Also, determine the counter e.m.f induced in
the coil during the flux growth.

solution A¢=1.33x10'7 wb , Ai=100mA , At=75ms

L= AdN/ Ai=1.33x10 * wbx900/100mA
=1.2mH
e = AON/ At= 1.33x10 "’

\ wbx900/75ms=1.6mv J




/ Mutual inductance Jaliall Eaall \

D Al Calall i s dain oY) Calall 8 Al 4 gl
e1=M(diz/dt)
Al Caldl e s dagin J oY) Calall 8 Al 41 gl

e2=M(dil/dt)

u.u‘\h\_u.d\ Al M t_u; /{’ (I)lm P12 (I)Z 3\
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el
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- Jsdll (S gl (58 s g
e2=kN2(ddp1/dt) skl cldl saeN dua
abanl) aiad o ilall ol BV A 3 Jiay 3 o BYT Jalea (k)
OAYT Calall clalall a3 sl O Jlasy elly g (1) s sk

K : coefficient of coupling

:.M=di2 /dt=kN1(d¢2/dt - M=kN1 . d¢2/d|2 also :.M=kN2.d¢1/di1

Criilaleall (o puzan o A5 o lusall DIKT MY ) K8 o da gy Lia
> lec (__LAAJ Lz & om.ci

2012 : : RS
M"=k N, (d(bl/d'1 ) - N, (d(bz/d'z) :.I\/I2=k2.L1L2 (H) =M=k VL L (H)

(08T Jalaa 5 cpalll 51N Alaall e aaiad sl Zladl) (o raiay)




Ex:(2) Two 100 turns end-to-end solenoids each have
L=20cm, and cross section area =3cm?® . Calculate their
coefficient of coupling when the mutual inductance (M)
between them is measured as 0.62uH

L= L2=u N’ (A/L) 1x4TTx10™ x100”
(3x10™* m 120x10 ‘m)

L =18.8mH , :.M= K\fl_—L :.K=M/\/I_TL2

= 0.62uH/V (18.8pH)

.. K=0.033




Effect of mutual inductance

Alalal] Bladll ¢l ,il L e L L
L1 /R /) /.
A B

(A) series-adding connections xald gk, | L=L +L +2M]
Becaouse ; e1=L1(di/dt) +M1(di/dt) , e2=L2(di/dt) +M2(di/dt)
e=e + e =L(di/dt) =L (di/dt) +M (di/dt) + L (di/dt) +M (di/dlt)

L=L+L +M +M_ Ifp constant for the cct. Then: M=M =M_ . [ L:L1+L2+2IVI]

L (di/dt) = JsY) Calall 3030 A3laal) (e a3l J4Y) Calall 8 Al 401 4al)
M (di/dt) = A i b Dkl s e Al J oY) Calal) 8 diaall 450 al)
e, =Y calall 8 diaal) 43 4




(B) series-oppesing connections =S ) 5k [L=L +L -2M]

Becaouse ; e1=L1(di/dt) -Ml(di/dt) , e2=L2(di/dt)-M2(di/dt)
e=e -e =L (di/dt) = Ll(di/dt) -Ml(di/dt) + Lz(di/dt) —Mz(di/dt)

L=L +L_-M_-M_ Ifu constant for the cct. Then: M=M =M .. [ L=L +L_-2M]
1 2 1 2 1 2 1 2

Ex. Two 500uH coils have a mutual inductance of 200 pH . Determine the total inductance
Of the two coils (a)When they are connected series-adding .
(b) When they are connected series-oppesing.

a) L=L +L +2M=500+500+2(200)=1.4 uH
b) L=L +L -2M=500+500-2(200)=600 pH




/ Ex.(3)

(a)W

o )

Two 500uH coils have a mutual inductance
of 200 puH Determine the total inductance
Of the two coils
hen they are connected series-adding .

(b) When they are connected series-opposing.

a) L=L +L +2M=500+500+2(200)=1.4 pH

\b) L=L1+L2-2I\/I=500+500-2(200)=600 uH J




the mutual inductance between two adjacent coil is not

Known.
It can be determined by measuring the total inductance

of the coils in
Series-adding and series-opposing connections. Then:

L =L +L +2M and
+'Lb=L1+L2-2I\/I
Subtracting L-L=4M :M=(L-L )/4

Recall that the Mutual inductance between two coils
is given by:

M=KVL L, :.|<=|\/|/\/?L2

The coefficient of coupling of the two coils



Ex:(4)
L =1.4mH , L = 600pH determine (M,K) for
the two coils

Solution :-

M=(L -L,)/4 =(1.4X1000pH-600uH)/4=200pH

K=M/VL.L, = (200puH)/V (500uHX500pH) = 0.4

o
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Qof lecture : To let the student be able to learn the

effect of the coil and the capacitor on the current and
voltage with d.c current .

Write the laws which used to find :
1): energy stored in the coil
2)inductive reactance 3) Capacitive reactance

Solution

\ S SR 5 -1 0
/




4 . . c s )
Growth and decay of current in inductive circuit

4.\.\:]\ o}\ﬂ\ L;ﬁ J\:\ﬂ\ dy\m\j gad
\_ J

In fig. Shown a resistance of R in series with a coil of
self- inductance (L) henery the two being put across a battery of
(v)volt . The R-L combination becomes connected to battery when
switch (S) is connected to terminal (a) and is short-circuited when
(s) is connected to (b) . The inductive coil is assumed to be
resistance less, its actual small resistance being included in (R) .

: /—® o
= |ﬂ_ . AJE— R
IR =L.Cdisdt

O.| Y.
1




When (S) is connected to (a) the R-L
combination is suddenly put across the voltage of
(V) volt .Let us take the instant of closing (s) as
the starting Zero time . It is found that current dos
not reach its maximum value instantaneously but
takes some finite time .

It is easily explained by recalling that the coil possesses
electrical inertia i.e self —inductance, due to the
production of the counter e.m.f of self-inductance,
delays the instantaneous Full establishment(uw3 ) of
current through it .




@vill now investigate (3 the growth of currem
through such an inductive circuit.

The applied voltage (V) must , at any instant, supply
not only the ohm drop (i.R) over the resistance

(R) But must also overcome the e.m.f of self-
inductance i.e Ldi/dt

V=iR+L .di/dt ...(1) OR (V-iR)=Ldi/dt

. [di/(v- i.R)=di/L]
Multiplying both sides by (-R) , we get (-R).{di/(v-i.R)}
= - (R/L).dt integrating both sides, we get:
[(-R)di/(v-i.R)= - (R/L)fdt , log, “"® =-(R/L)t+K




Where (e) is the Napier an logarithmic base =2.718 and (k) is
constant of integration
Whose value can be found from the initial known conditions.
To begin with , when t=0 , i= 0 ,hence putting these values
in(1) above, we get
log V"R =-(R/L).t+log " orlog “"® - log.=-(R/L).t or

log, VRNV = _(R/L).t=t/A where L/R=A .... Time constant.
(v-i.R)/v = e or i=(v/R)( 1- e ) :. Now V/R represents the

maximum steady value of current ( | ) that would eventually be
established through the R- L circuit

izl (1-e7YM).(2)




This is an exponential equation whose graph is shown .
It is seen from it that current rise is rapid at first and then
decreases until at t=a , it becomes zero.

Theoretically , current does not reach its maximum steady
value |  until infinite time .

However, it reaches

Im

practically this value in . | errnt ofovtep—
. . 0.8
a relatively short time . T 2
0.63 7
The rate of rise of 2 R T ek o
) Currern m=E /D
current di/dt at any 04 /
stage can be found by Tl
LR
differentiating (2) - r

closed Tirie

above w.r.t time.




However the initial rate of rise of current can be obtained by
putting t==0 and i=0 in ( 1)above
.. V=0xR+L.(di/dt) OR di/dt=v/L

The constant A=L/R is known as the time constant of the circuit. It can
be variously defined as :- (i) It is the time during which current would have
reached its maximum value of Im=V/R
had it maintained its initial rate of rise .

Time taken= Im/initial rate of rise = (V/R)/(V/L)=L/R

But actually the current takes more time because its rate of rise
decreases gradually. In actual practice, in a time equal to the time
constant, it merely reaches 0.632 of its maximum value as shown:
Putting t=L/R=A in(1) above ,we get

i= Im(1- e M ) =Im{1-(1/e )}=Im{1-(1/2.718)}=0.632Im

Hence , the time constant rise to 0.632 of its maximum steady
value for above . This delayed rise of current, in an inductive circuit
is utilized in providing time-lag in the operation of electric relays and
trip coils etc.




Decay of current in inductive circuit
Adall i all 8 Ll Paecl

When the switch ( S) is connected to point (b) the
R-L circuit is short circuited . It is found that the
current dose not cease immediately, as it would do
in @ non inductive circuit, but continues to flow and
is reduced to zero only after an appreciable time has
elapsed since the instant of short circuit :

The equation for decay of current with time is
found by putting V=0 in Eq. (1)
0= {i.R+L(di/dt) OR di/i= -(R/L).dt




Integrating both sides , we have :
[ difi= -(R/L)[dt : log, .i= -(R/L).t+K ....(3)
Now ,at the instant of switching off the current i=Im and
if time is counted from this instant ,then t=0 , log,
.Im= 0+K

Putting the value of K in Eq. (3) above we get:  log,
i=- (t/A) +log..™ . log, /'™ =-(t/A)
. i/|m=E't/)‘




It is a decaying exponential function and is plotted in fig.

It can be shown again that theoretically current should take
infinite time to reach zero value although practice it dose so a
relatively short time.

Again putting t=A in Eq. (4) iy

Im

we get 10
i= Im/e=Im/2.178= 0.37Im u.a\\
Hence ,time constant (A) \ t=0,=Jn
of an R-L 0 L
: : ) current slopefE/L
Circuit may also be defined 14 N
as the time during which 0.37 \
current falls to 0.37 of its ' —~ ~.Cufrent fecoy
maximum steady value T T

—_——

Tire

while decaying fig shown .




Example(1) :

with reference to the circuit shown calculate :
1) The current taken from the d.c supply at the instant of
closing the switch .
2) The rate of increase of current in the coil at the instant of
switching on
3) The supply and coil currents after the switch has been
closed for along time .
4) The maximum energy stored in the coil .
5) The e.m.f. induced in the coil when the switch is opened .




Solution
1) When switch (S) is closed the supply d.c voltage of 120v
s applied across both arms.
The current in R2 will immediately become 120/30=4A
However be no instantaneous flow of current in it . Hence, current
taken from the supply at the instant of switching on will be (4A) .

2) Since at the instant of switching, on, there is no current
through the inductor arm, no potential drop

Will develop across R1 . The whole of the supply voltage will be
applied across the inductor if di/dt

Is the rate of increase of current through the inductor at the
instant of switching on . Then the back e.m.f. produced in it is
L.(di/dt)

This e.m.f. is equal and opposite to the applied voltage

| 120/L.(di/dt) OR di/dt=120/2=60 A/s

N—




3) When switch has been closed for a sufficiently long time,

current through the inductor arm reaches a steady value=

120/R1=120/15=8A , Current through R2=120/30=4A
supply current = 8+4=12A

4) Maximum energy stored in the inductor arm =% (L.I1°)= %

(2x8%)=64 Joule

5) When switch is opened current through the inductor arm
can not change immediately

because of high self- inductance of the inductor . Hence,
inductance current remains at (8A)

But the current through R, can be changes immediately. After
the switch is opened, the inductor current path lies through
R; and R, . Hence e.m.f. Induced in the inductor at the
instant of switching off is = 8x (30- 15)=360 v




Example (2):

The two cct. In fig. have the same time constant of
0.005 second. With the same d.c voltage applied to
the two cct. It is found that the steady — state
current of cct. (a)is2000times the initial current of
cct. (b) Find R1,L1 and C.

F1 R

T o

L0

L0
vy Cho




Solution ;
The time constant of cct. (a) is
A=L1/R1 second and that of cct. (b)
A=C.R2 second :. L1/R1= 0.005
:.Cx2x10%=0.005 :. C= 0.0025x10°
.. C =0.0025 uF
steady state current of cct. (a) is=V/R1 =10/R1 A
Initial current of cct (b) = V/R2=10/2x10°
=5x10° A Now : 10/R1=2000x5x10°
:.R1=1000 Q
Also: L1/R1=0.005 :.L1=1000x0.005=5H




Charging of a capacitor &Sl (s

The fig. is shown an arrangement by
which a capacitor ( C ) may be charged
through ( a) high resistance (R ) from
a battery of (v) volts.

The voltage across (C ) can be measured
by a Suitable voltmeter . When switch (S )
is connected by a suitable voltmeter .
When switch (s) is connected to (a)

Then ( C) is churched , but when it is
connected to (b ), (C)is short circuited
through ( R ) and is thus discharged .
The voltage across ( C ) dose not rise to
( v) instantaneously but builds up slowly
.Charging current is maximum at the

Fig -2 -




start i.e when (c) is un charged, then it gradually decreases and
finally ceases when P.d.across capacitor plates becomes equal
and opposite to that of the battery. At any instant,
Let v=p.d across c , | =charging current, g= charge on
capacitor plates
The applied voltage ( v ) is always equal to the sum of (1)
resistive drop (i.R ) and

( 2 ) voltage across capacitor (v)

V=i.R+v , Now i=dq/dt=(d/dt)( CV)).

=C.(dv/dt) : V= v+ C.R (dv/dt) ...(4-b).

.. - (dv/V-v )= - (dt/C.R),

Integrating both sides, we get :
[ (-dv/V-v)=-(1/C.R)[dt , log, V-V)=-(1/C.R) +K .....(5)
, When K is a constant of integration whose value can be found
from initial known conditions . We know that at the start of
charging when t=0,v=0




Substituting these values in iii....(5 ) we get

log, Y=k , Hence (5) becomes

log, VY= (-1/C.R) + log, "

loge (V-v)/V=-(t/C.R)= - t/A where A=C.R=time constant
.. V=V(1- e}).....(6)

.. (V-v)/ V=

This gives variation with
time of voltage across the
Capacitor plates and is
shown in fig. (a)
Now v=g/c and V=Q/C
Eq. ..( 6 ) becomes
a/c=(Q/C)(1-e**) :. g=Q
(1-e-tr)....(7)

we find that increase of
charge, like growth of
potential, follows an
exponential law in which
the

S

_..}/f,--._

(

o

)




Steady value is reached after infinite time. Now i=dq/dt , from eq. (7)
differentiating both sides, we get dg/dt=i=Q{d/dt(1-e/*) =Q{+(1/A).e-
YA)}=(Q/N)e ' = (C.V/C.R)e"* But
Q=CVand A=C.R :.i=(V/R) .e?*» OR i=l _e¥* .. (8) where
|_=V/R

As charging continues, charging current decreases according to eq...( 8 )

as shown in fig. (b) Time constant

a) Just at the start, p.d. across capacitor is zero,
hence from eq..(4-b)
b) putting v=0 . We get V=(C.R)dv/dt

. Initial rate of rise of voltage across the capacitor is =dv/dt=V/(C.R)
volt/second

If this rate of rise were maintained, then time taken to reach voltage V would
have been

V/(V/C.R)=C.R This time is known as time constant (A) of the cct.




ﬂ) From eq..(6) , we find tatif t=A ,then: v=V(1-
A= V/(1- eM)=V(1-e)

=V{1-(1/e)}= V{1-(1/2.718)}=0.632 v

value .
1= /2.718=0.37I

which the charging current falls to 0.37 of its initial
maximum value .

&

Discharging of a capacitor

Hence, time constant may be defined as the time during
which capacitor voltage rises to 0.632 Of its final steady

C) From eq ....(8) ,by putting t=A , we get i=l_e™M=| e

Hence , time constant of a circuit is also the time during

N

J




In fig. (2) when S is shifted to ( b), then (C) is discharged

through R .

To begin with discharge current is maximum but then decreases
till it ceases when capacitor is fully discharged. As battery is cut
off the circuit, therefore, by putting V=0 in eq...( 4-b ),we get

0=C.R (dv/dt) +v , or v=- CR(dv/dt)
dv/v=-dt/(C.R) or [dv/v=-(1/C.R)[dt
.. log, v=-(1/C.R)+K , At the start of
discharge, when t=0, v=V
.. log V =0+K =K

putting this value above ,we get :
log.v=-t/A +log.V , ORlog v/V=-t/A
Or v/V=e/A Or v=V.e'A similarly,
q=Qe-t/7\

And i=-lm.et/A

Te fail of potential and discharging

current are shown in fig. (3) .

fig, <32




Ex.( 23)

A capacitor of (3uf) capacitance is connected through
a resistance of (1 mega ohm ) to a constant e.m.f.
Find how long will it take before the capacitor receives

99% of its final charge .

Solution :
q=Q(1- e**) Here A=C.R=3x10%x10°=3 second,
q/Q=0.99 , t=?

1- et/A =0.99 Or etA=0.01 ,et*=100 |,
or e/2=100

(t/3)log10 ®=log,,'° or (t/3)log,,*"13=2
:.t= 13,8 second




Ex:(24)

If a coil has resistance of (10Q) and an
inductance of ( 1 Henry, what is the
value of the current 0.1 second after
switching on a 100v d.c supply .

solution

The time of 0.1 second given in the question happens to be
equal to the time constant of the cct. A=L/R =1/10=0.1 second .
During 0.1second the current reaches a value of 63.2% of its
maximum steady value . In this case the steady current which
will eventually flow through the cct. Is: =VV//R=100/10=10A
i=0.632x10=6.32 A
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Aim of Lecture :
To let the student be able to

identify how measure

current, voltage, ohm with
(D.C and A.C)




solution | (1) Magnetic effect- for ammeters, voltmeters usually .

(2) Electrodynamics effect-for ammeters,
voltmeters and watt meters

(3) Electromagnetic effect-for ammeters, voltmeters , wattmeter's
and watt-hour meters.

(4) Thermal effect- for ammeters, voltmeters .




Classify secondary instruments divide

(A) Indicating instruments (C) Integrating instruments

N/
(B)Recording instrument

(A) Indicating instruments are those which indicate
the instantaneous value of the electrical quantity
being measured at the time at which it is being
measured. Their indications are given by pointers
moving over calibrated dials. Ordinary ammeters,
voltmeters and watt meters belong to this class .




(B)Recording instrument are those which instead of
indicating by means of a pointer and a scale the
instantaneous value of an electrical quantity, give a
continuous record of the variations of such a quantity
over a selected period of time . The moving system of
the instrument carries an inked pen which rests lightly
on a chart or graph that is moved at a uniform and low
speed, in a direction perpendicular to that of the
deflection of the pen.

The path traced out by the pen presents a
continuous record of the variations in the deflection
of the instruments




(C) Integrating instruments are those which measure
and register by a set of dials and pointers either the
total quantity of electricity(in amp-hours) or the total
amount of electrical energy(in watt-hours or kwh)
supplied to a circuit in a given time. Their summation
gives the product of time and the electrical quantity
but gives no direct indication as to the rat at which the
qguantity or energy is being supplied because their
registrations are independent of this rate provided the
current flowing through the instrument is sufficient to
operate it . Ampere-hour and watt-houre meters fall in
this class.










M/ing coil instruments (M.C.1. ) & aiall calall <l (bl Hlea

/ When current passed through
the coil , torque produced and
the pointer is moves.

Spring Produce a force that
returnee the coil currentis

7ero.
M;I j Rnln
Rs
R
Z
g Ammeter moving coil instrument
Can be used as ammeter as
\ / shown in figer where the resistor
\ rrieter with moving scale are connected in parallel with
(MCI).

N— e
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Ex(1)
Moving coil Instrument has a coil resistance of (5Q), given
full —scale deflection J«\S <l il for a current of (5 A) .Determine

the value of shunt resistance Required for scale-range
increased to (1A,5A,10A).

Solution: n

Vm=Rm.Ilm =5x5=25mv ity Reln

I=11+Im :. 11=I-Im=1000-5 .

- 11=995mA ~AN—
Fa

R1=Vm/I1 / e

:.R1=25/995=0.0250 NAA—

12=1-Im=5000-5=4995mA K
R2=Vm/I12=25/4995=0.0050Q /
|3:|_|m=10000_5:9995mA Arreter with moving scole
R3=vm/13=25/9995=0.002Q

~—




Voltmeter Instrument

Moving Coil instrument can be used as voltmeter as shown in
figer by connecting large resistance in series with coil.

Example(2) :

Moving coil instrument has a coil resistance
And given full- scall deflection for a current (5mA). Determine
required resistance for scale-Range for voltage (5v,10v).

Solution : o B
Vm=Rm.Im=5x5=25mv / Rz RmIn
V=Vi1+vm:.V1=v-Vm=5000- Y R

25=4975mv . ° "

R1=V1/Im=4975/5=995Q
V2=V-Vm=10000-25=9975mv
2=V2/Im=9975/5=1995Q




/ Ohmmeter instrument \
MCI can be used as ohmmeter as shown in figer

by connecting the coil to battery variable resistance.

Ex.(3):
MCI has (Rm=5Q) and
(Im=ImA) need
To be used as OHMMETER
to (100kQ) as shown.

\_




Solution :
For Maximum deflection:
(1) Im=1mA
Rx=0, Im=E/R+Rm :. 1x1000=9/R+5 :.R=89950)
(2) For % deflection: Im=0.5A = E/R+Rm+Rx
.. 0.5x1000=9/(8995+5+Rx) :.Rx=9000Q=9kQ

[n=0,5n4
(3): for % deflection : B

R =27k R=TR 1
Im=0.25MA=E/R+Rm+Rsx .
:.0.25x1000=9/8995+5+R«x
:.Rx=27000 :.Rx=27kQ




/ A.C Measuring instrument \
Measurement of A.C current by Mci((A.C Ammeter))

For M.c.I. to be used to measure A.C current then A.C current is
converted to D.c current by using (1) half wave rectifier
(2) Full-wave rectifier.

IEAY; R

Iz Ri

[n




Ex.(4):
M.C.I. has (Rm=5Q) and (Im=1mA) need to be used as
ammeter for A.c current (5A) by using (1)Hw.R (2) fw.R

Solution
(1) For H.W.R
(2) 1av=0.636x5=3.19A , Vm=ImXRm=1x5=5mv
lav=l1+Im . l1=lav-Im=3190-1=3189mA
R1=Vm/11=5/3189=0.0015Q

(2) For fw.R Iav=0.9x5=4.5A
2=Iav-Im=4500-1=449mA
R2=Vm/Im=5/4499=00.0011Q




/Measurement of A.C voltage by MCI ((A.C Voltmeter ))\

For M.C.l to be used to measure A.C voltage A.C voltage converted
to D.C voltage this don by (1) Hw.R (2) fw.R

Ex;(5)
M.C.l need to be used as voltmeter to measure A.c
voltage equal to (10v) if the coil resistance (Rm=10Q)),

and (Im=5mA)

L = @
\ WA m i IMW I”m In

—




Solution :
(1) For H.w.R

Vav=0.636x10=6.36 v=Im.Rm=5x10=50my
V1=va-Vm=6360-50=6310mv
Ri=V1/In=6310/5=12620

(2) For fw.R
Va=0.9x10=9 v
V2=Va-Vm=9000-50=8950mv
R2=V2/Im=8950/5=1790q




A

Ex.(6)

MCI has Rm=10Q and Im=1maA . Find the
Range of current we have if a resistance
(0.005Q) is connected in parallel with the coil.

Solution:

Vm=Im.Rm :.Vm=1x10=10mv
11=VVm/R=10mv/0.005=2000mA
.. =11+1m=2000+1=2001mA
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Aim of Lecture :

To make the student should be able
to find out the measuring device with
Moving iron instruments where
installation, and how to use it in
electrical measurements and know its
advantages and disadvantages .




.

2 \
Mention the advantages of the
measuring moving coil

_J

= O\

\t\hat caused by stray magnetic fields. /«

1) Dissipative capability and low 2) the proportion of \
high torque-to-weight 3) the possibility of large-scale
action and regular
4) can use a single device as voltmeter and as ampere
meter to cover a wide range of values of voltages and
currents and using atomiser resistors and multiplier.

5) use dwindling stream whirling 6)-free device
has magnetic hysteresis and beyond that the mistakes
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Aim of Lecture

To make students able to install
the wattmeter device and see
plugged into an electrical circuit
to measure the Power , as well as
to identify on Oslo scope device
and its uses.




4 )
Mention the advantages of the
measuring Moving iron instruments

. )

Solution

Features device

1): used for qualitative continuous AC

Because deviation proportional to the square of the current.
2): high durability. 3): he quit high torque.
4): fairly high accuracy.

5): bear disorders over loading.

6): a simple fixed parts. 7): cheap price.




Electro dynamometer construction and principle of operation
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T
.
MCI has Rm=10Q and Im=1mA . Find the
Range of current we have if a resistance

(0.005Q) is connected in parallel with the coil.

Solution:

Aarnmme ter wlth rmowing scole

Vm=Im.Rm :.Vm=1x10=10mv
11=Vm/R=10mv/0.005=2000mA

\ . 1=11+1m=2000+1=2001mA J




