SINGLE LOOP CIRCUITS

BACKGROUND: USING KVL AND KCL WE CAN
WRITE ENOUGH EQUATIONS TO ANALYZE ANY

VOLTAGE DIVISION: THE SIMPLEST CASE

i(1)

LINEAR CIRCUIT. WE NOW START THE STUDY *
OF SYSTEMATIC, AND EFFICIENT, WAYS OF Rlévnl
USING THE FUNDAMENTAL CIRCUIT LAWS KVL ON _
+
. 2 b 3 ©  WRITE 5 KCL EQS vﬁ)(_) ULiEes
~  OR DETERMINE THE Hoels ¥
ONLY CURRENT Rz%"“
I 4 FLOWING
4 —_
o
kv =o(t) + vg, + vg, =0
ALL ELEMENTS IN SERIES ?
ONLY ONE CURRENT
: )
OHM'S LAW .
THE PLAN UV = R I(I)
« BEGIN WITH THE SIMPLEST ONE LOOP CIRCUIT Ry l
« EXTEND RESULTS TO MULTIPLE SOURCE Vo = R f(f)
e AND MULTIPLE RESISTORS CIRCUITS Ry 2
SUBSTITUTION v(t) = Ryi(t) + Ryi(1)
o V0 on = R R
i(t) = ———— . _
R] + R2 _ R![ l (I) :l URE = R] ¥ Rz U(I)
R, + R,

IMPORTANT VOLTAGE
DIVIDER EQUATIONS

>

R,
R+ R




_ SUMMARY OF BASIC VOLTAGE DIVIDER _
i)

+

m3v VR T p +R

—— V()

()

+ R2
W3 | U R0

EXAMPLE: V, =9V, R, =90kQ, R, = 30kQ,

V_-L}V
~ 2= R+ &)

=225V
kg- C) T g
— +

Rz% v, | VOLUME
" | CONTROL?
. o
v = |: 30k ]9
R =15kQ = 7 |30k + 15k
=6V

[ 30k
ng = [socs )

A “PRACTICAL” POWER APPLICATION
Line resistance is 0.04229 O/mile

2 kA ©

400 kV Load

Perfect conductor

o
L= J

400-mile transmission line

2kA
16.92 ()

+Q

400KV Vi 3133.5 Q

Q!

183.5
Vi =[ }mk Posa = I’ Rigaq

183.5 + 16.92
= 366.24 kV = 734 MW

Hinc = P‘m — Plnad = Ileine
= 66 MW  L0SSES!!!

HOW CAN ONE REDUCE THE LOSSES?
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GEAUX »



THE CONCEPT OF EQUIVALENT CIRCUITl

THIS CONCEPT WILL OFTEN BE USED TO SIMPLFY

THE ANALYSIS OF CIRCUITS. WE INTRODUCE IT
HERE WITH A VERY SIMPLE VOLTAGE DIVIDER

i %R1 ;

R +R

AS FAR AS THE CURRENT IS CONCERNED BOTH
CIRCUITS ARE EQUIVALENT. THE ONE ON THE
RIGHT HAS ONLY ONE RESISTOR

SERIES COMBINATION OF RESISTORS
R R, R +R

AAAA AAAA — AAAA
VVVY VVVY VVVY

THE DIFFERENCE BETWEEN ELECTRIC
CONNECTION AND PHYSICAL LAYOUT

SOMETIMES, FOR PRACTICAL CONSTRUCTION
REASONS, COMPONENTS THAT ARE ELECTRICALLY
CONNECTED MAY BE PHYSICALLY QUITE APART

AN
VVVY

AAANA

O VWV

O O\

O—\—

N
AN

IN ALL CASES THE RESISTORS ARE
CONNECTED IN SERIES
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GEAUX »




CONNECTOR SIDE

ILLUSTRATING THE DIFFERENCE
BETWEEN PHYSICAL LAYOUT AND
ELECTRICAL CONNECTIONS

PHYSICAL NODE

PHYSICAL NODE

SECTION OF 14.4 KB VOICE/DATA MODEM

CORRESPONDING POINTS

COMPONENT SIDE
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‘ FIRST GENERALIZATION: MULTIPLE SOURCES

+v,— . .
V- - Voltage sources in series can be
M algebraically added to form an
+ R ~ | equivalent source.
., :

We select the reference direction to

_ i + move along the path.
’ <+> v, Voltage drops are subtracted from rises
+ . —
KVL ya
— —v. =0 R
Ve TV, =V vV, +V, + V. —V, 1

Collect all sources on one side

(Vl_V2+V3_V4_V5):VR1+VR2 /+> R,

(veq ) = VRI + VR2 " \
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SECOND GENERALIZATION: MULTIPLE RESISTORS \

+WVL_ +J\N‘ :W_ FIND 1,V,,, P(30k)
R, R, R,
. * a 10kQQ »p 20k ¢
1 RS, W
o() APPLY KVL - -
TO THIS LOOP i 6V ?gP_II__\H{Ig Keop | 12V
RSyp
B %RS I W‘ LODP FOR V.,
—~MA » d
URN
v(t) = vy, + vg, + o + vg, 10k + 20kI + 12 + 30kl — 6 =0
I =-01mA
AND OHM'S LAW
= Ryi(t) + Ryi(t) + - + Ryi(t) Voa—12=20[kQ]I =0 (KVL) =V, =10V
R¢=R; + R, + - + Ry POWER ON 30k Q RESISTOR
v(t) P=I'R=(-10"A4)’(30*10°Q) =30mW
i(t) = —
0 =&

R;
V, = Ri— Vr = RTSU(I)

VOLTAGE DIVISION FOR MULTIPLE RESISTORS
I< I >I GEAUX »




THE “INVERSE” VOLTAGE DIVIDER Find I and V,, in the circuit

R , 12V
. AAAA . i C
VVVY = W ° \{ | ___J T
80 k(2 7§
VS R2 Vo APPLY K
_ 6V TO THIS LQOP 40 k()
VOLTAGE DIVIDER "INVERSE" DIVIDER <
R, R +R, ' °
VO:R+R Vs V= Vo —6+80klI +12+ 40kl =0= I =—-0.05mA
L2 2 V. =—40kI —12V =0=V,, =10V
COMPUTE ¥ In the network in Fig. E2.11,if V,;is 3V, find V.
I, R
g, line o a b 25kQ ¢
20 Q) + + ( ) oy
‘[/3.

Vi Roaa$2200  V, =4583KkV 3V 320 kQ % 15k

= - d

3 &

INVERSE DIVIDER PROBLEM
"INVERSE" DIVIDER PS50
V.= 3=9V

. =229%20 458 3 5000 ’ 20

g 220
<1 [ [GrAT >




| ‘7 TkVL HERE
EXAMP

| 3V,
k- A

+ Vx —

. TkAPPLY KVL VX Vab —

| TO THIS LOOP —

° « — I)(3Vx) _

V¢ =12V OR KVL HERE

Py, 1s the power absorbed or
supplied by the dependent source
KVL: —12+4+443Vy +Vy =0= Vy =2V
KVL: Vp +4+3Vy =0= V,p=—10V
KVL: V,, +Vg—Vx =0
Pay ) =3VxI (PASSIVE SIGN CONVENTION)

OHMS' LAW : 1=j—:=1mA

Py =2[V1*1[mA]=2mW

EXAMPLE

206 g

\ I
C-i'- 3 DE INE I
VL FOR Vi, SING

[ TV >

E 10k D
Vba =
Vep = 30k*1=1.5v
I, = 005m4

30k

KVL: -12+20k*I+9+30k*I+10k*I=0

_ W
60kQ

KVL: Vp +12—-10k*I =0
Vpy=—11.5V

=0.05mA




