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7.1 Admittance and Current Locus:
Electric circuit analysis could be implemented by using engineering locus
shapes for circle area, where: |I=VY ohm’s lows and constant voltage VY, so the
admittance locus “Y” represent the change in current “I” value with respect to
change in element value. So Locus curves are vector diagrams where onlythe
tip ofthe vector is shown dependent on some parameter{o, R, L & C}.
Admittance “Y”. [t’s reciprocal of impedance “Z” or vice versa (Z = 1/Y or ¥ =
1/Z,), that is a complex number consists of real and imaginary parts, its unit is
mho {u).
For series circuit:

Z=R+j{X -X.) consists of Cartesian coordinates: R=real part and X=imaginary par.

Y=G+jB=§ consists of Cartesian coordinates G=real part and B=imaginary part.
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Hint: XL—anL = X, «f and Xczz;fc =3 chc—

Where the admittance locus is a circle area as shown above depending on the

following equations:
Z:R+jX:$:GL_E 1)
And from real part (R is constant) of equation {1) and by using denominator

conjugate to eliminate it's complex vectorwe find:

R==— or 6°-24B%=0 A2
By added 1/4R” to both side of equation (2) to simplify it to:

1y2 132
(6-=) +872=() ~43)

By comparison between equation {3) and the general circle equation

(x-h)+(v-k¥=r" we find that the admittance locus is a circle with
{1/2R,0) center and 1/2R. radius as shown above. Each point in the impedance
locus is represented by another point in the admittance locus. By using Ohm's
lavy with constant source voltage we can compute the complex value of total
current supplied from the source to the total load.

Mote: Current loci is the same as admittance loci multiplied by the applied
voltage /" so there are three cases: {\/=1) current & admittance locus are the
same, (\>1}) current>admittance locus, & {\V<1) current<admittance locus.
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7.2 Admittance Locus for R&L Series Circuit with Variable “L”:

Fixing the resistance and change the reactance will give straight line parallel
to the imaginary axis in the Z-plane {Impedance Locus) while it will be half
loveer circle in the Y-plane {Admittance Locus). Also it will be half lower circle
in the curmrent Locus.

, 1 1 =R r— IR
Z:R+_}XL:—: . J-:zjz
¥ c+ig t—i8 te+8

From the real pant of the equation {constant element value):

chzisz = {GE__+32—|}}_|_ 213)2

z
(G —i) + B o (E) Circle equation with {1/2R,0) center and (1/2R)
radius.
From imaginary part of the equation {variable element): X, = #ﬁ;z
. B must be always negative to make {because) X always positive, so the
admittance lociis half lower circle.
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Example: 20V applied to series R&L circuit with variable 'L” and R=5<2. Draw
iB Y Locus Plane

the admittance and curmrent locus.

Solution:

Due to the above derived equations for the
admittance loci its half lower circle with:

1
Centered at (ﬁ ﬂ) = {0.1,0)
Radius=— = 0.1u
ZR

The current locus (I=VY Ohm's law) is half
lower circle too with:

Center=(%,ﬂ) = (2,0)
Radius=— = 24
2R

£
Mote: Y¢,Y>,Ys,....etc represents complex value Current Loci
of total admittance for the circuit. While
I .l,l5,...,etc represents complex value of total current in the circuit.
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7.3 Admittance Locus for R&L Seres Circuit with Varable “R”:
Fixing the reactance and change the resistance will give straight line parallel
to the real axis in the Z-plane (Impedance Locus) while it will be half right
circle in the Yplane (Admittance Locus). Also it will be half right circle in the
current Locus.

o e _ 1 1 G_fB _ G_jB

L=RFin, = ¥ G+jB  G-jB  G2+B2
From the imaginary part of the equation (constant element value):
—-B

_ 2o ERY
X = 18z {G + xL+ s ﬂ} + zxL)
132 i A - X
LG4 (B + ;) = (;) Circle equation with {0,-1/2X ) center and {1/2X,)
L L
radius.

From real part of the equation (variable element): R = sz-sz

.. G must be always posttive to give {because) R always positive, so the
admittance lociis half right circle.
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Example: 100V applied to series R&L circuit with vanable “R” and X =10¢.
Draw the admittance and current locus.

Solution:

Due to the above derived
equations for the admittance loci its
half right circle with:

=il
Centered at [GZ) = (0,—0.05]
Radius=— = 0.050
2X

L
The current locus {IFVY Ohm's

law} is half right circle too with:
— _V —
Center—(ﬂ,z—h) = (0, —-5)
Radius=— = 5A
2X

L
MNote: Y,,Y.,Y;,...etc represents complex value of total admittance for the
circuit. while k.,L,k,....etc represents complex value of total current in the
circuit.

¥ Locus Plane
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7.4 Admittance Locus for R&C Series Circuit with Variable “C”’:
Fixing the resistance and change the capacitance will give straight line parallel
to the imaginary axis in the Z-plane {Impedance Locus) while it will be half
upper circle in the Y-plane {Admittance Locus). Also it will be half upper circle
in the curmrent Locus.

_p_ v _1__1 G_jB _ G_jB
£ =R=iie ¥ G+jB  G—jB  G2+BZ
From the real pant of the equation {constant element value):

chzisz = {Gz_%+32:ﬂ}+ i)z

: LY 4 g2 = (L) cird tion with (1/2R,0 t d (1/2R
o (G_E) + B _(ﬁ) ircle equation with { ,0) center and ( )
radius.

From imaginary part of the equation {variahle element): X, =

B
ErE)
.. B must be always positive to make (because) X always positive, so the
admittance lociis half upper circle.
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Example: 50V applied to series R&C circuit with variable “C” and R=20¢2.

Draw the admittance and current locus.
Solution: iB ¥ Locus Plane

Due to above equations the admittance loci is
half upper circle with:

Centered at [ﬁ l}) = (0.025,0)

Cab bl ==t ™ ¥ increases

. 1 &
Radius=— = 0.025u >
2R : 0.05
The current locus {I=\VY Ohm's law) is half
upper circle too with: T
2 1t _ L S
Center—(ﬁ,ﬂ) = (1.25,0] 1:25
Radius=— = 1.254
ZR Fe
: -
Note: Y:,Y2,Ys,...etc represents complex 1.25 25
value of total admittance for the circuit. while Current Locl

I ,b,l5,...etc represents complex value of total current in the circuit.
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7.5 Admittance Locus for R&C Series Circuit with Variable “R”’:
Fixing the capacitance and change the resistance will give straight line parallel
to the real axis in the Z-plane (Impedance Locus) while it will be half right
circle in the Yplane (Admittance Locus). Also it will be half right circle in the
current Locus.
Z=R—jE =c=——x—t=—

B G—jB  6%+R
From the imaginary part of the equation (constant element value):

Xo=—ms O {Gz—xic—FBz:ﬂ}Jr i)g

142 pond : .
LG4 (B — —) = (—) Circle equation with {0,1/2X:) center and (1/2X;})

2Xr 2Xr
radius.
From real part of the equation (variable): R = ——

.. G must be always posttive to give {because) R always positive, so the
admittance lociis half right circle.
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Example: 30V applied to series R&C circuit with variable “R” and X.=8¢2.
Draw the admittance and current locus.
Solution:

Due to above equations the
admittance loci is half right circle 5]
with:

Centered at (ﬂ, i) = (0,0.0625)

Radius=2L= 006250

X

1.875

The current locus (I=VY Ohm's .;RE : ,G
lavy) is half right circle too with: 0.0625
i R Current Loci Y Locus Plane
Center={0, 2XE) — (0,1.875)
Radius=— = 1.375A
2Xp

Mote: Y;,Y.Ys,... etc represents complex value of total admittance for the
circuit. while k.L,k,....etc represents complex value of total current in the
circuit.
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7.6 Admittance Locus for Two Parallel Branch Electric Circuits with

One Variable Element:
The total admittance for the two parallel branch electric circuits equal to the

sum of the individual admittances for each branch as follows:

1 1 1
YT—Yl-i-YzDI' E—Z"‘E

S0 the total admittance is any line from the origin to that point on the half
circle. The resonance points for the locus could be found by intersecting the
locus with the real axis {G) {i.e. real part of ¥;), while, the maximum and
minimum points for the locus could be found by deriving the equation of ¥;
with respect to the vanable element in the circuit.

h_jB i
ax1/2F;
af---- MK - ; 7 5
Resr:uﬁance ! Eesonance Ty
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iB
=1/ a< 15 Er
W
Y (i - ] B Sr I TKC L
J Fesonance J W 4 Eesonance
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T
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Note: In the previous circuits the resonance could be happened when the
admittance locus intersect the real axis {G}, then the total current will be in-
phase with the total applied voltage. In the next circuits there are no
resonance case (the admittance locus does not intersect the real axis).
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7.7 Admittance Locus for Circuits with More Than Two Parallel

Branches:

The total admittance for these parallel electric circuits is equal to the sum of
the admittances of each hranch. Also, the resonance maybe happened or not
depend on the intersection ofthe locus with the real axis.

4B Y=y t¥tYs 4 4 B o Shiéay ST

E, Ey J_ k3
V1 E W1 ez
H1 T}’Im g
Y i A 1 Y1 Yz Ts
4B Yr=Y1+¥2t¥3 4 4B Tr=0itYatYs 4
,,—-—3—_,":"’ Ei1 Ea E3
. ioeac o Tl i KB Fs }\YL, j KB 1 K ]
" YIH"' = e
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Mote: The total impedance is the reciprocal of the total admittance for the
circuit, and the total current, power & power factor for the circuit could be
implemented.

Example: For the circuit shown: i

1. Derive an equation for suitable value of R that give Re FL
resonance at two points. Wy 502 )

2. Find the value of “L” that makes the circut in %
resonance? T

3. Find the value of total impedance at resonance for ':I?f“’Tm“F B
the values found in point “27? @o=5000 rad/sec

Mote: Explain the resonance using admittance locus.

Solution:

1. For two points at resonance the radius of the circle must be greaterthan the
imaginary part of admittance locus {Y:). B Resonance
skt By op «:‘:i[i-l-}{ )

Tz T RE+xE L5 Nt 4

2. Draw the admittance locus with the following
points:
Y. is a straight line with 0.04 real part and 0.03
imaginary part.
¥, is half down circle with 0.25 radius and {0.25,0) center. The Y_ locus is

drawn afterthe Y. locus end point as seen in the locus shown.

1 1
o E00x20%10° 8

_ £ S ot 97
Yr= Yot P v e 4+xf) L (125 4+xf)

At resonance the imaginary part equal to zero.

L0 Ay 2 I |
= ey = X — 125X +4=10

Or (X 0.33)(% -12.12)=0
AtX=033Q = Lo=0.33/5000=0.066mH
AtX=12120Q =  Loy=12.12/5000=2.43mH

3. AL X =0.330 Yoy = —+ 4+|:tf33:|2 = 0520 = Zy = iz 1920
ALX =12.120 ¥y, = %+4+[lz—mz —0.0530 = Zg, = iz 18.80

Mote: As shown there are two resonance points from the locus and by using
the equation oftotal admittance for the circuit seen by the source.
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Example: For the circuit shown: A
1. Find the value of “R,” that makes the circuit in
resonance at Ro=10C2. vy Re R
2. Find the value of “R_” that makes the circuit in e 5
Ty . L
resonance at R.=4c2. If not what changes == T-JSQ 1002
should be made in the circuit elements value?

Mote: Prove the resonance using admittance locus.
Solution: 4 1B

- —ifat RL) e 1“) D5 g
L¥p="Yeb¥, 125+Ri+1nn T\ R 4100 '

At resonance the imaginary part equal to zero.

& . i 3 -
= = s =) RE+100 =250

Eezonance

0.06]------- |

LRy = 122500 = Y = 0.1290 and Zr, = 7.7502 ¥ straight line & Yo is
_ e 13 G 10 Circle Radinse=123 =005
2.V, =Y +Y, = (Z+ REHUU) 7 (H_ Riﬂun) 4 jB Center 0,005

At resonance the imaginary part equal to zero. 0.12)---=--5
5 B 2 B > &

o = Riree O Ri+100=82 or Ri=-18

. The resonance cannot be happened, to solve
this problem the value of X, must be changed to 0.0

-
make the circuit work at resonance as follows: 0,057 G
14=012 = X =330
or X 8.3

Example: The circuit shown work at resonance: 1.

1. Find the values of “c”. RL Eo
2. Draw the admittance locus. i 502 402
3. Find the total current. mVY J
g 1 L
Solution: = A e
11,_1,+1,_(4 +i)+'(x—c—i) -
T T Vet 15_+x§ 34 M\ Terxg 34 W=5000 radisec
At resonance the imaginary part equal to zero.
X 3
16;5 == = XI-113X.+16=10 N Resonance
- X.=9.680 Eaue
and ¢=1/500x9 .68=20 6..F ," “.,
- Xe=1.650 SHES
and ¢=1/500x1.65=1211F T Y‘?
= nal------ -—'

3. at }(C—Q.Efﬁ i 0.09 0 125
yﬂl = lﬁ+|:9.58:|2 + E = ﬂ']'BU = I':'l R Vyﬂl = 1814 2. YL Stl"alght ].iﬂE & YG j.S
at X-=1 650 Circle Radius=1/2F~=0.125

Center (0,125,0
Vp= ———+ == 0360 = Iy, =V¥, =364 spter () Leo)

16471652 34
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Example: For the total admittance locus shown that
represent an electrical circuit with two parallel
hranches, find the value of each element in the circuit.
Mote: Use the angular frequency V=500 rad/sec.
Solution:

From the locus we find that:

Y= 005+ 1005 = 0.0707.245%

1 1
0¥Xe 50010

Again from the locus we find that:
Diameter=1/X=0.05v = X =200

z;c:i: 14,142 - 45° Q2= (10— j1IHE T
Te _ _ Eg EL
.. From real and imaginary parts we found that: WV
Rc=10C2 and X;=10C Ty %
= T i

= = 200uF

L=2Lo 2 Bl
@ 500
Example: For the total admittance locus shown that 4 B

represent an electrical circuit with two parallel
branches. The maximum value of real part of total
admittance is equal to {0.5), what is the value and
type of each element in the circuit.
Solution:
From the locus we find that:

1 1 1

X + =05
¥ tan30®  2¥- )
Solving this equation for X: we get: X.=4 464 & EL Ec
Again from the locus we find that: :
i
1 ] 1 ! He
YL = —J . O :D XL T
XC XC tann 30
1 : 1 1 :
VWere — representing the real part of ¥, and | —zx representin
Xe P : p 5 [XC taHBDOJ P d

the imaginary part of Y| .
Substituting the value of X- to get: ¥ =(0.22440.388)u

7= Yiz (1938 +i1.119)Q= R, + jX_

L
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Example: For the total current locus shown that .

represent an electrical circuit with twwo parallel 355%[‘3 250,/ 300

hranches, find the value of each element in the i

J

circuit.

MNote: Use the angular frequency V/=2000 5
rad/sec.
Solution:
v as030% o :
Zy = 1= geee = 10445°2= (7.07 + j7.07)02 5
.. From real and imaginary parts we found that:
R =7.07C and X =7.07Q2 i RL Eg
I
L5 0 g 4 3
)]
: ) 43X
From the admittance locus we find that: 5
Yoe - = = 0.12 - 45%0 = (0.0707 + j0.070T)v
Lo 10245
Radius=12R.=00707u. = R:=7.072
Example: For the total current locus shown 3
that represent an electrical circuit with three L=18/35" A ‘
parallel branches, find the value of each _ 7
element in the circuit. Il_lsm 150 2507
Mote: Use the angular frequency VWW=5000
rad/sec.
Solution:
o o JL_jB
- 15@4—21: 833159 Q2= (8.05+j216)2  0.072[ s s
I 18- 40 ol Ja
- - ‘s 1 '
. From real and imaginany parts we found that: T /0,16 (at Ria=0)
Ry 1=8.05L2 and X =2 .16 0.031)---4=
il s o Y P
@ 5000 —
Foood
Zz:E:W—%S:S.S/_’—6DOQ:(4.16—jT.22}Q Ru SRe ¥R
I, 18235 Vi
.. From real and imaginary parts we found that: Ty 2 -
Rc=4.16C2 and Xc=7.220) ) KMT ¢ 3
1 1 :
Cc= =9 SIVa T L Tz T3

oXo S000x7.22

From the admittance locus we find that:
Diameter=1/X_-=Im{Y-)-Im{Y,)=0.07 2u oy X =13.70
Using: ¥,=1/Z; and Y-=1/Z,

il BERl 0 E 2.74mH

] 5000
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. : : I

Example: Find the value of *R.” which result in TtI

: 2 ; ; 7 1 I
parallel for the circuit shown besides using the I- . Ee

Locus diagram. Also find the value of |, p £ Lo, 1240°Y RL

and P .. (maximum power dissipated).

Solution:

1,45 = lzf”g = 1.2.53.1% = 0.72 + j0.96 = OD + jAD

From the current locus we find that:
o
Radius=— = 2= = .64 = CB
2Xr 2% 10

And by using Pythagoras rule for triangle {CDB):
DB = .,/(CB)? — (CD)2 = /(0.6)% — (0.36)% = 0484
VWere: CD=AD-AC=0.96-0.6=0 36A

Again using Pythagoras rule for triangle {ADB):

Lol = (AD)Y? + (DB)? = J(0.96)% + (0.48)° = 1.14

0 = tan_lﬁz tcm_lﬁz —63.43°
Ka OAB_ .
Sho=1.0733.2-63 437 A (is the current in the second branch at resonance)
1z g o ¥ :
Zz RL+jlﬂ— z—m—ll.lgfﬁg.‘l{; = [5+}1ﬂ:lﬂ
" R =5Q2

2. IT Bk [(lUU RL+lUU) j(%_ Rii““)]

To get the maximum value condition the above equation must be derived
with respect to the variable element in the equation, and equating it with

Zero.

dly —-R?+100 . 208, | _ :
dr K (RZ+100)2 * }(Ri+lﬂﬂj2] i g
From real pat R =100 {maximum} and from imaginary part R =002

{minimum)

bppae = 1207 % [[EJF =)+ (= 2=)| = 1368.15.255%4
Irin = 1220° % [(=) 4 j{==— =] = 0.76 2~18.4%4

Pmax-VxleaxxcusB 121 363}{005(0 15.255)=15 .34 W/
OrPra= {hmax} xRe{Zyma)=(1 363} %8 463=15.84VY
p.f5.=C050..~cos0=1

Example: For the total current locus shown that |

represent an electrical circuit with two parallel 302605 ;

branches. VWhat is the change required in the 60| -

element value to make the locus ends at point B. B! L

Solution: Jmazuc’v
_ I 30-60° = .

= ™ 000 =036070=(0.15+ 025

From the admittance locus we find that:
Diameter=1/% =025 = X =422 at point “B”

Y
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