


Un V
V ·Az

g

At node-V
Va-An

·At nodein-V
=
-)
Va=R



&- .
=Re-R-

=RRVT
Vo =

( +)



-

-RL

For
=50nV

↓
Ca

when a practical voltage source is connected to

the load then
-
>=f)"

Placetni ona

#



Ro = load resistance is as it consume power

output from the Circuit

-
May power deliver to the load when Mo = R

+H

cas find PTH-
>

Close all independent source
,
and open circuit load

0 -1 = V
n =

-1
resitance which is Ro

↳
#Analysis. at Suparmesh Valve-PH
-OV =Oss

also va-Up
= 18410+14 ;

also Up = 1 - 0

#Analysis at 1->
0

-Ix+ = 0- (3)

Ex=+ -> (2)



also If=-Tox

Solve for If- Yet RiH
X

Pin= 27.52

(6)

LindVit or Voc

!
u V18V -On

V = Voc - 780



vots from the Capacitor

-
I in the oposite ways

V v= of the current in hence
-> Ein - sohopposite

to intendeaaerection
I

Edt = di
+

icts = -ESvdt

(a) for each inductor-> Windows ELi2 = 1516)
= Ex5x36
= 905

Winstor of solt=Liz:-312

(b
.)
2T

W = W
,

+ V
=- All energy will be transfer to the black box

V
= > W = WitW = 90+ 90

= 1805
#



1 vIt = negative
(2. ) V= L = Udt-Ldi Inductor-> Supplying

power -> so its needed
for inductor =5 Yat=di to be negative for

rots as. or inst &ict =judt p = vots
↓ t

V = -Ldin
10= 6 X = 1(502 -100 + TCO)

It
-I(eot-e-10010))
= + (e-10

+1)
V

I vot) =Mr

jCH = 100-Be
-

- 1) + 6
-

(d = icts-its + inst sits solve the some way as ight)



↓
V

# When to : 5t = 15 RC circuit with step invot

what = J

findis
=213=

no current flow
wheno

↑ throw
- zit

· "etTororit
5V 6 i m Va

I i
i cot) = 1 10) = 0
· also ix = in

# at it 2017 + zix + Sin - 5 = 0

10ix +zix + 3ix-5 = 0

15ix= 5



iv = 1A - u)

↓at Va Supernode Va andUn

-
aso Vy-ry + 2x = V -Va+= -> (3)

also j= 10-11)=

Vi= 1

rcot =10==
+o o

-Di -
-

↓



same LIn also in : Ix

10i, + 2ix + 3 in - 15 : 0

10 ix + zix + 3ix - 15
= 0

1 5ix = 15

ix= 1. A

·
S

also Ij= Vc
- 0

3

1 x 3 = V

3 =Vid
/

Response for De Circuit with step in put -> r(x)+ [vcot -Vide
->o

TERC-in
& I !



Mesh analysis
-

1017 + 2ix + 3 (in-ic) = 0

I = in

10 Ext 2 x + Six-3iz= 0

131531c = 0 -> ()

#mes2-lin + 10 + 3C12-[x) = 0

so in= -To

fig-3Iv= -1V -> (2)

Iz= jo = E

T= BC= (2)=
= 0 .
025



rots = 3 (1 - 37e
-4t

= 3 - ze

ict) =c = E(see
+

]

=



wha +o = vcot) = VCO) =

E
#m

1.25uS-



it

itSuperman
Lis

]
Supermesh between is is

.

A#CL at < - ig-is + in =

in = 12- is . - -()
-

Emermesh -> in = ig ; in = + : is = -2

5 ciz-in) + 30 liz-in) + & is + 16 13 + 1512 -100 = 0

Fig +30is-Sig +is +16 is+i = 100
- 3517 + 2012+ 5013 = 100 ->12)

Mesh1 Min + 10in + 30(n-is) + 5(in-12) + Yin =0

in = -if = c2) = 2 Y(3)



sub i, to (3)

22 + 20 + 60
-

30is+10
- 51 z+18=0

-

3013 -5i= -130- (4)

- 3517 + 2012+ 5013 = 100 ->12)
↓

in = 2 - 20 i + 50ig = 170 -> (5)

Combine/solve (t) (5)

=> in=4 ; 1z = 5

ij = iz = -+

ig = ic- is = -P- 5 = - 9A
#



↓mesh is 5C-in) +Vg + 1512-100 = 0

5 ic- Sin + Vg + 112 -100
= 0

-20-10 + Vg -60 -100 = 0

V = 190 V



C
&

i
Ba

it 0u

E

eshinfis -> Superman
also in = in pic = is

11 at i
,

-&Sig + ic = 0

↓
- ig-13ig+ 1 = 0

ic = int ? sid -> (1)
v

for supermesh in /is or is = int &3id

100 iz + 50cis
- is) + 25 (in -ic) + 101 = 0

100 is + 50 i3 - Joi < +25i -25 iz + 10in =0

35i1 -751 + 150i = 0 ->2)

v



&eniz 25(ic- 1)) + 50cic - is) +102 - 200 =0

25ic - 251y +501-50i , HOi -200
= 0

- 251
,
+8512 - 5013 = 200 - (3

AkcLate ip= latid El ijistid-> (8)

#LatP-ig + &3 in + ie = 0 ->

3 .3 in = - ie
in = -Dies

&atA - ie-istiz= 0

ic = le + is
Siz = -3 .3id

ic = -3. 31p + is

in = Ini 1



Sob(os to ( i in + &. 3(i)
= is = in+
O =

1 - it is-

Solve (2) (3) (7) give

in = 5
.Aji54 . 6 A ; iz = 0

.
97 A

Hence in = 5 . 7 A ; in => 0
.97A

T
also is in + 9.3 id

Evin-in-in= T . /A,

also ie = -3
. 3id => 3 .

63 A

ip= in + id =
5 .7-7 .

/



ij=8 . 6 A

6) Kirchoff power law .

Power dissipated

V A

total power generated= total power consumed

↓ V
by the independent source by All resistors

Voltage Source/Current Source

check Power dissipated

#wer dissipated -> [Pdis => [IRL
t

[ Come all current
with their correspond

Resistance R2 - from independent
sorpol

A

&wer generated -> Supply : I : Pollage + Burrent

Prolase Vis = -(200)6

= -920W

cnegative a its supply



Purren = Korrent (4.3 In)

burrent from loopin = 82
.
5 (8-377 . 1))

=
- 199

.

65W

Proba 1
=2 -731%605 > Poiso
V

Negative as its med

supply power



Max power transfer to the load when PTH = Ro

Ca
.
) Hence Ro = RTH

15 52 1 1

shart mutmigerSho. va↑
Ry -> Apply 1V = 1

To

t



O 15chUn 511
~

1

fugershort circu Sho. van
Ry -> Apply 1V = 1

To

LindI
Atnode Un

25 (0-0 .1 =
V-1 . 5 Vg + 3V,- 3 = 0

↑ - 3 - 1
.

5V
g

= 0 -> C

also
O-Un =VIM
↑ Up -3

,
+1 . 5 Vy = 0

5.5V, - 3 =0-> (1)



=
↓ so is = En=

SundersVi
also Us-7 =

Sis g
V = 3 (t) + 1 =
solve

(2)-

io = f

Have= = = Ro



6
.)
-

Pray Need VTHO

110 vo
10I
↳

SercodeandVs
20(V =

8Vc- 8Vy + 5Vz = 0 -> (1)



also -> ig = Voc-Ve ig = 105118 +Vs

51 52

&/so -- v3 - Voc = Sig

G
-

+NodeVe [0=0
-110 + 3Vy-3Voc-1 .5Vg = 0

↑Vy
- 3Voc-1 . 5Vg = 110 -> (2)

also 110 -V1 = Va

V = 110 - Va

Yob to (D/2

8Von - 8(110 -Vs) + 5Vz = 0 -> (3)

↑ (110 -Vy) - 3Voc-1 . 5Vy = 110 + (9)



2001 - 888 + 8Ug + 5V =0 Vz = Voutis

&Voct8Ve+5 =Vocts(
(5)

- 38c - 5.5Vy
= - 338 : /
E
= Up ,+Vot3

from 153-> 88c + 8Vg +5 (VoctPoc +27= 800

c+ 81g+or+1
- 330 + 3Vg = 000

16Voc + 19Vy = 1210 -> (7)

Voc =55V Vy = 30

Phar== 789 .
0625W



Vin Vin

Upo
un

vo
&! Va =

Arrow downmean ; connected to the ground.

At node Up for inverting amplifier.

#Vin
+V+hi

-(R)= -(
ACL at node V , forhow inverting amplifier.

-0xVioT

also

( +( = ) (PE(R)



&

= UCRICR+AR) + V+ (Re) (R+&B)+ UCRACR) -VinCRCR) = 0

V / (R2+ ROR) + v (RfR + RAR) + Rom = Vin(Re) (M)

= (R + RAR + CRAB + RAR) = VinCRA)R

=R+RR
I
Plug to (1)

Win
Vin

-
↓



Win tic- WinRAR+R + RJR)NBCR+ RAR +2RR + RAR(

VininR2-VinRAR-inBR-VinRAR
RLR2-RAR + 2BAR + PAR)

VRSe
R+ RE) IR so fast sook that two terminalareaeed

HenceVERCERn



(9 .] FindRTH Close all independ + source

a
# O

# at 1
- [Pis +10)

-Poij + 5 -100 +2 = 0

↑Ok is +100 = 7 -> (1)



also ig=0

=-
Plue is to (17 -> + 10 =7

1 (100 = 7 -6)
10 = 1

=
- 1x10-h

10k

io o #

onS

-

Rokin + 5Voc + 10.0.= 16Vz
= 0

15 - V10Vz =Rokis->



#Datin

-SA =0

↑ v - froctV= 20

- No
,
+5V=

= 28 -> (2)

also is =>B sodc

15Vos-1

Vz=Vo

815%= 20V2

- +5 (oc) = 28

~Noc +

1 = 20 - Voc= 2



VorVH = -80V

* The renin envirulentCircuit.

- 10kR

In-son
6) Capacitor Voltage ->

when <o orwha = 0 v cot = 1
,
101

↓

Capacitor behave like a short

Circuit
.

vion-ou -> Hence

L Ucot = V, cot

when +-xx : Capacitor act as a open
circuit.

·Tri-vor) uso



T= RC =
- 10000 x ( . 6x10-1) = -t6MS

Vcc) ? Vol + [Vcot-uc)e
62 .
57

= 80 + 002

↳ Max Voltage rulting = 74
.
9 KV

= 14400

62 .

5t

Hence 19400 +80 = 80e

62 .
5t

181 = e

62
.
5t = In 1181)

+ = 83
.
06m)



->

Vz

Vy Un g
Vo

O

00

Lestat Us ->V +2) = 0

Vini = Cdu is the
It

lict at 0 M Voltage across the
- 0-V1 + (do-V) capacitor from positive

R T
= 0 terminal,

Positive farminal ↳o negative

% not the same asnode analysis

#atty-

↑VRS



from (3) -> IN2d-

-Un
do =2It

avo-2
↓

!
fromc2)

-=
&

alsodis-
=

↓

-(IR)



2RCN="
= 2BCNYT

v



#+o. Vol = Or

startonso
-
ico = ico- 2A

-on t

↓Kry v= Ld/

↑t

teniii
↑ icdt = duL+i +Ut=

↓ =Set



= Las lodi
&
v

Sure response as BLC Serio self

=is Edini
= 3 + Es + 1 = 0

-

> (1)

62 (ac = (E) 9(1)(1)=
Y

as> 0 -> Over damped

=
N==x

response : Age Anest
from1) T



SpF -1 ; Sz=2

ists = A
,
e E

+
+ Aze-2t

from+in Y
t =410 = 0

Li = -20

-
ict) =

-[

g

ich-Itet-2Aet-
icon =

- LA1-2A = -J

i =2 -> AntAz= 2
Ay = - 3jt-8



ict=- et+ e-2t

its => (d

cat
v = E Sist at
-e)
-E



RC Source free circuit
↑

Open Circuit

#toTit
Volot=volot =< (36=V
+>0 j=d

int
Response -> Serie RC circuit ->

T= 3k(20x10) v =ve = get to
= 7008 (20010/20 =get



as VCO)= ↑

3 =de
-+

↳ - e
-

In1) =- +

+ = 65 .92m)



-

⑳

from current division.

hi icts-> its =t + iCo
inct) = > its (o)
·ei

Lig => 201160 + 25 j inct) = Eicts
I(-r-i H(0)= Gico)

· free+ ) +i - COMA = &So

it -

EMAFICO0135Y

A
(a) ic(0) = ict)[ ) = (110)

=+1 - 0 .0133)

= 3 -3 . 33x103A

Y



(6) /() -> as 1,0) = zicos
< insist

=
-

- 0 .
0753+ 0 .

075 + Sico)

=
- 0 . 075es + 0 . 065

.

Use superpositions Vo = V
,
+ Vs

= -(o()
act]

m = (1 = 2 (Oct<3)

k = ((7) =
-2(3(+ (6)

↓ -

i
, Ct) .co -3)

= inset
tor octch

Pa = Lal = ↑loc+<2)

= It ↳ = 401 : 0 Last11)

int for eata = (12) =
-↑L+c +26]

= ) -2



graph U. -> M

-

2-

=

et
% Topp

both+ 6
2 -

!
-

& o
-2-

- of



Super position

1 u
T ↓ in ↓i

V

- Hence read to find Un andV2

U we know

redrawn

-
T

Vot =Ld
v

The totalCurrantie is i = i
,+is -> (2)

&ply Kre at loop 1
Y
ic = i - in

V = V +V2- 2 ()

also U=&j h =3
=

from (1)
-> V=CVe -> (3)



#loops 2 + -V = 0

Vz = I dis
from- iii

=2+-
"r =7-d alsod

=7-5

~
%

Sub to (3) -> V=did

=
↓

Hence from Vote-Len



Le=

Leg 10/20=

lict)= (set) =+

iCt)= pet =2

6) V = Leg= x(setMA



=

2010 - 3 (-3e+
+ 103)

w = 1 (2001) Let)
2 =

=20e-NV

Twhent

shertseA

icot) = i10) = - 6 A

& isnou = -b
who to is o

·Step response

↑
ict

=> icon + (iv)-ico)e
T= E=

ist( 3 + (6 -39e
-87

= -



icts = 3 - ge
-8

1) whatso VeL
Koi 0.5 (72e-00)) = &(72)

= 36V
(1) : Twen rette inductor become short circuit

Lance V=8
-

"its - jui - if
when

totpoint
Vot =Vot = 0



van

to
V ->

-> V = R= 5167 = 38

vcts =30 + (0-30)e
T= RC=

↓
R = RTH-2

. Ta
R- Case independent source -> Currents become open circuit

Volture become short somit

R =Ri+=8 +> F= RC = 8X 0 .
25 = 2

Vot 1 = 30-30eE



given UCOS -> Suct-1)-> When1 = 0

when > = 3
wran +<0 -> V(0) = 0

on V=IR
whe octan us Fd

& VI(*) -
225 * 24V

Capacitor =sOpen
Circuitund VIDI = 24V

is Vote = 24+ 10-20E

= RC= RTH = 10 -> ↑= 10(0 .1)
= 1

rufi =2e-zeetv t octal
↓ Val = 20-24e* => 75

. 171



Now when t> I

VCos = 15
.
17 v↑

vsd--ne
I

no Durrant the unit

↳e
Gr

↓
Vid = sor

↑= Rc = 10(0 . 1) = 1

- voti => 30 + (15 .17-301et



30-19 .83>
when +>1

A

·
V

1 -+0

& ->> 0
open

circuits No
current

Fansome nin

·onTo
-I
Viol = 10V

Vo



·
T= Rs-> = 30 (0 .%)

=35
vot) = 0 + 110 -

01

vs)
= 10-Es

ists=E = 0
. 1 (e-)

ich =
-

le



wato
r(pt) =Vot=V = 0

Watso

Sure ,

↳Dit
↓



v(d =

(2)30= = 15V

T= Ryp 2
-> Rpt

Close all internment sorry

↑

min
: It/2

-

↑ =1 keX0 . 25 MF =7 0 .25s

Uct) = 1st (0-15) e-4t Paranelly hang

Fox--wh
V



30 = ixtir
b

in = 30 - ix

in = ic + iL
↓
ic=+!

= 0 . 25x -

colve thin EX
=30-iB



-

> first step is to find

the whole vote or

ick first

#+0 -> Inductor Jone short circuit

ict

↳
"takyl== = 3

ich = 3

10) = 3

current division find i
,
Co) /iz (0)

in(o) =

(2) = 3
.
+ ; ig(0) = 30 -

6



tors
Pararull Hochout circuit never

us

160;
10 ; illa =O



r
i

cas
.

When to

·
rcot) =vot = O

>
AsI70

Ecot) =[<0 ) = 0 i V=0

U ·our#

to procriv
↓



i= AchatVc

- -

PrtIntAs-1d
1 u

di lar
=&I VO O

#at loop 2. V=
+V = 0 Sittin
0 + V +1 =0 - Ent

V =- -d





or
↓ ipot = ipot=0

!
60//48

s + vo= = nou

Vol =v
,10) = 16V



S
to /160

#O

.TML
.

=29

i = (du

↳Source free RLC circuit

&
itd
S2+ 105 + 9 =0

use 62fac -> 102-411(1)

100 -3670

Overdamped.

·trito
↓



S = -514

3=1jSz= -

9
response -> iss => Age+ Ace

+

from -> Langid30i
2

+ Un +
so
+1

L

dis
ico=0 -> A

,
+A=0

iP(0)=-A

i'cos--1-Ap-It =-



A=- ; A+
icts =

-Get be-9t

v =L = 3 (Get - Je
- a+]

voty = zet-18
-+

A



⑪
Th


