VoLtqt]e across e component: | Power: werk /unt of Hime Ohm's Law : applies 10 o
+ _l'> = Passive s"ﬁ" convention: Powes | across comPoma-k : rcs'\s'&w vl R -
A'_D_‘B V = V.-V L P >0 consume .TWI—_.
v v AB T A 8 P- v V - IR
2 ? P <o, qenerate —?L
Ry . ‘ . ' . |

Ry | R, Series Resistors in Series: Resistors in parailel

R. R, R Ii 5
© RO LTI AT .

parallel Ri Rz Ry Req‘ 1
1 i i
Req: Ri+ RL+I25+"' +RN 2—1+EZ+ +EN ;

Kicchhott s Current Law (KCL) : Applies to  nodes
A

Kicchhot4's  \oltage Law (K\IL\ i Appy fo mesh
> Rq drop

. . . 4 — o
alln [She - S | = vrse = S vdup
fii 7 rse v drop
l kcL at A: 4'.1-\-%_-*{.5-15 = 0O I—_’W\/ Vg= Yy =V, " vy =0
B < By
AroP
Vo l+= division: Ser_'le_s only Current division:  Parmllel only
Ry =S A
R =20 Q= Ri X i}‘l i. | = Req .
100 z [ Req Source [ Ry Fa R_l, Source
R =45
3
L—) 2 SN iov= By b

1 =

Nodal \o ltage Method :

1. Tdentify number of nodes and name them.

2. Selectr ground node = choose one with most branches

3. Idem‘n{-ﬂ known node vo| tages.

4. Assume current direction = Apply KCL on known
5.

Colve A4Sing Ohm's Law. nodes

Example: Solve  for vquﬂQQ at each npode

A Re R c

1/ Se lect ground node  at node P.

= vy = OV 3 Vo= 20V (20U Vehage Fise)
2/ KCL on nodes B and c:
4'.1—1..2- i.5=° (i) 5 (‘.s'l' l\s- LQ =0 \2)
i _ Va _VA-Vg _20-vg ., ; _ Vp _ Vp-vp _ Vg
-04_ == = 4'1" < = = | 2
Ry s S Ra S Y
i= V3 Ve-ve _ Yy Ve -Vp Ve
443- = = —_— ) 4“ = . = - >~ = _=
R3 40 R, 5 [y
Bluj into | (1) (2) to solve.

Mesh  wrrent method

1. Tdenify and name meshes

2. Tdentify Known current (Lurrent part of 1 mesh)

3. Assign flow in
and assign  Signg (4-/—) 4o registors ‘Fo”owi:\j

passive  Sign  convention. ( RSC)

Clock- wise Current mesh

4 Solve Msing KvL ia
H
Current  as  combination of meshes: ._/MK_.
A+ .- B
'‘R=ig - tp (RSC) ‘8
Example:
A
4
ll$=2°V ;bg =05
+
Mesh A: Vg = vy — v, =0 = 90~ S'i1 —§CLA- O.

Mesh B: Vyg = Vg3 T v =e = 912&—10L3 —Ec“=o

Open tirwit: No charge Shors cireuit: Same Voltage
Tlowing = No current A
A ® de
AR rp_[:Iac.e
b by Short B
= e arautt




SM&N\OC\@- Only exists when doing Node voltage .
Non ‘jl‘oul\ded lefﬁﬂe, source.
No+ know Current +|’\fol\jh vol-rnse. Source, =>

Remove voltage Source .

C' 'VT)/\/ A C-_'_\Iou. LIV Fa. Auﬁ“urﬂ equation:
\_/
s VA -V = 40ov
J/ xlv Assmme  Source Short Cirwit
D E Do kCL on Super node

Supermesh:  Current source hetween 2 adjacent meshes
Do Not know V(‘ll'\'ﬂ.ge

Remove bronch | with chared | current Source .

acrodé +the current Source

AN

rL°°P @ Auxiliary eq - iA - is = 2A
@

’ LA @: KNL on +he whole Supermesi
’VV\,ILL

Principle of superposition.

+ Colwnlate | contribution (Vi) of each source = Solue {'or equivdmt& reS\G fance (RTH or RN)

e Turn oH all sowrees § leave 4 on
¢ -gource: Short L - soutte - open
Define 4 or ¢ 4o be found and cole for contribution of each Source: é_®_.3 A._@_aB
. . 3 =
4totq_| = L""-SOurce + LL—CO\HCQ /-’—__.'> A..—é =0 A .B
/
THEVENIN | CIRCMIT: NORTON  CIRCMUTT

e Thevenin ec[.u}ualen'\' feSistance R, :
1. Remove load (open circS and turn off all sources .
2. Solve for equiva ent [esisthnce

e Thevenin equivale nt vo\’haﬁo.:

° Nor'\-or\/ ec[.u'u/o.len'\‘ fesistance R
1. Remove load [open cict) and +urn off all sources.
2. Solve for equivalent fesistance

e Norton equivalent LUl fent:

4. Remove the load , leaving the load terminals open. 1. Replace load with shert cir cuit.
2. Detine ¥, acfoss dhe open terminals 2. DPefine the Short cirwit’s current as
3. Solve for oy Norton's equi valent Currentc 4:‘4
3. Solve +or 4y
rd
* The Venin equivalent circuit:
Volfqge Soufte + feSistors in series. - Neorton's ec‘u'\w.lent cirault:
Ru 7
I,= Jin - |
v N R i R Joad Vo = Iy’ R
TH Rioad N “
EXQN\Plei 1k retittor 18 dhe load , find Nort on and The Venin- No ¢ 4on
r . Lk
2kQ The venin :
W LkSu Gk
LAY 6 kQ ¥ Solue umsing nodal Uolfage sv
@ VWA 3V) 6 kS j
o) Watdn out for the kv
i+ SkQ 4 4k 0
1kQ 3V, 4kQ A Sk q.upunoc\e g
- 10V 4k 1ov
) p3 A, = 4384V
L () 1ov +
'0'8 = oV =
1/ Find  eciui valent resisiance: .I__ tp = 1384V Solve  using noda! \"’Hqﬂe
ks 1 - isksn A = 5.23 xloHp
144 I 2. 619k
FANNS
A bk 4.5k +aks= 5.5kn > | ag) 0,
i akn. 4 = 269 ks v tkn O (M) 1ksL
BY 1.4
sk 5.5k




CAPACITORS. Mnit: Capaciance [C] —]f— INDUCTORS:  Mnir o Henry [ H]  —N—
Stofes energy bLtween electric field between L plates Store energy in  Magnetic field in cotl [eop.
2sc PscC
C=R/V L= &g /1
t, = £ (dv/de) Steady State : 4 = L(ii.l_/clt) Steady State
Vo = ci! () dt + v, Open cireult ':L = % l'\rl_(ﬂc\t +i, short | circuit
In parallel i Cop= Cu4lys Gyrodly Tn Series:  Loo= Lo+bL, +. ..+l
T Series . C = 4'— T (Xl'q_ud H L = 1
) s B APRAPY T T TZLi..4
Cy Cy CN iy LZ. Ln
At Order ciraut:  conteing 4 energy Storaqe device : RL or RC  circait = Rc
Tirme  Conltant 7T controls  exponential fate O{- de,co:j T=R/L
RC cireuit: TranSient reSpone L Cireuit: drangiem feSponse

4. (Calculate 4, (0) 110 R 4. Calewlate i-l_ o)
2. (alwlate steady State A, (o2)

b (D

+ | 2. Calaulate steady “'L(‘”\
- | 3. Solve for ransient response

3. Solve 'for +r anSient response

b\, 'f'u\c\'u\g The’\lu\iv\ equiuodu\-k = bﬂ solving Notdon cirarit with
Cirewit  with  Capatitor o8 the [oced. L as o  load.
- _ . ) . —Ry /L)t
o () = v () + (wc(o)-oc(eo“ &( LR C)t by ($)= 4 (w)+ (4,L(o)— (.L(oc)) e.( N
SINUSoIpAL STGMNAL: A Amplitude . Phqse, (oMRLEX NMMBER. ‘\Re[zj = a
w: Sh' . 4 2 = b
/U'Ac= ACOS (Wt + ‘e) ‘Ffezq-u'eﬂ‘ﬂ‘ l-}'\. R Z= at b\‘ ‘J:'“[- ]
‘:f 0: shif+ mc?m ecrangular = Magnivude [2] = m
w= 2rf| | - L e hif ledt 2= mZL6= me Phase [2] = ©
Ay T. pe,t'lod "-{: ‘Ffet{‘u(’,n(‘,ﬂ Polar -
¥ Sine 4o CoSine Signal: (‘Hi)
R}\ . © b Ash\ (WV— 5-00) Re(. -> .Eolaf . m = 'Jq.l_‘-k?. ') 9 = ‘tan"' (b/"b)
ase SI‘PF‘\' JO° 4o 4he r-|3ht : =Acos(w‘b§ Polar > Rec: q = mecos® 3 b= msin®
PHACOR DOMAIN. transform from +ime domainto phasor | AC cireuit Analysis
domain 1o avoid Sine and ODE 4. Write cowrces in cSine dorm.
©: 2. Convert +to phaser domain
Ar(-l:\ = A(_os(w'l; + ‘P) = v(w\ﬂ: Ae y 3.  Mse source —Fre,c‘uemﬁ to write impedences -fﬂ‘
Components redraw in phasor feem.
Impedence: Ratio between Phasor \loHRﬂe and phasof current 4. Mse DC cirsuit mernods => conver+ back 4o dime domain
Z=V
I
Phasor domain equivalent Cirwiit:
. Zk = R /
Resistors Find Nofton  and  Thevenin e,quiuq,lem adreMits (n
4 phaser domatin,
Zc_ I PR

Ca pacitors

Thductors 2




AC Power: Given: A)-(-{:\: T cos(w'{‘ + "e)
(k) = 4y cOs(wt + @)

To V.1
_ , _ Ymim _ _ VU 1.
pP= 7). v(®i() dt = —=cos(@y — ;) = = o (2, )

= AUemge amoupt of  work done or e,nucdﬁ
-t-rqns{e_rrecl per unit time

Auwge Power for Gmponents: Polar Form onLﬁL

(OMPLEX POWER: (omplex

Real P 4+ reactive P

~ X%+ indicates

§= VI™_ 2+)Q complex conjugate

S T* . a —b)

Given: V= \_e u I=1I ebd
nlen. = Vm ) = om
I ) B .
> S :Vne— v Ime Azl _ VinIm e(ﬁ\’ 751)‘)
2 2.
S= o8 (@) +Spin( Bs)] = \‘w\;_.m ws (B - Bx)

R D\" _Bkz \)Mlm Ve
Resistors:  Z,= Re ° = 2 + Inde i (g - &)
CaP&c.Ho E (o] Redl /—\uerm\»,e Rower - 2 { ! I)J
e el=
Inductors: [P =0 Poo= Rel8T= Vmie cor (of-a5.)

Ohm’s Law in phaser form:

V= Tz N = Vme¢v'| Re attive Power - Q= Im[Sl = VLT'ZE S'm(qév— 9‘1)
N lmepﬂ 2| :_,,\ (By-B)i Apparent power: | Nl szm

(1)
V / 4 Py
th IL ¢2:¢\1—¢1 P ower '{'q(,'(or', P{'—‘—S = CoQ{QSv— ¢t)
mn
. complex Conjugate TRANSFER  FUNCTION:  describes output fesponse to an (nput
m:  magnitude Hoooutput as function of angular frequency w
* . input

Aoxi= Xg Transfer impedance; H; = V°_‘“

)‘"\ L 6.7( * Km £ _eX \lol'tuge 3(!.'"1 : H- \C"_M Current Sa'ln: H2= :Li* Tin
n I'n
- 40 :
Transfer Admittance: Hy= I\‘,’j"‘

Vi, and T, are independent voltage [ current sowrce

Vot + Lin 2re {’fee[\j chosen .

Frequency response : measure how Circuit responds o  Sinusoidal inputs of arbitrary frequency.

Low pass Filter Signals with high w fikered out.

Zp
L Lhasor
(& —>
() o Ve (jw) Z,
Ve (u)
\Jc(jw)= 4 s Ve (jw) = voltage division
1+jwlR
Ve (j
H - \:(J.) J '1.- M(w) = 1
e (jw) 41+jwlR N1+ (wiRd)
M (w) | As w> 0, M(wl >4
t \ w> o, Mw)>0
l
: Lut“ OH : w= i
1 w CR

HIGH PASS FILTER: S'\gmls with Jow w Hiltered out
c Zc
Yt Va (s Vg (jw) Zp
Vi (jw)
Ve (jw)= LI Vg (jw) = R— Vg (jw)
Zp+Ze R+ 1/jwC
Valio -
Ne(jw) 41+jwlR N1+ (wid)
M (w)
1 5 As w> 0, M(w > O

w

> a0 | Mw > 4




BODE PLOTS:  Frequenty response plot dicplayed in |ogarithmic Scale.  Herizontal axis: freque ney
Mnit . decade 40N . Vertical axis: amplitude or phase  univ : dB. 20 log, 4 (M(w))
H(o) = SHPM o M(w) 2 ¢ (w)
in put Vour (4 Pout 20 [og,, ( Veut
V'm < ,\I—E .Eu\ d B ?1" Vin
Cut -off frequency: | Py & %_ Pin
4
4 - - = 4 i 1 . \ _ T
20 log,,, (Ti) = —3dB = filtering hegins Pole :  values make densminator = O 7 TrjeR
Zero:  Values make numerator =0
Table 9-2: Bode straight-line approximations for magnitude and phase.
. .1
Factor Bode Magnitude Bode Phase RCQ\ ole: H (g) - m”
Constant 20 log K £180° if K <0
K 0dB o O 0"ifK>0 © = L s - arctan ( i)
L (90N)"* ""11- w)w 2 Wo
Ze@Origin ﬂpe = 20N dB/decade - ( o)
(jw)V 0dB /i > 0 o
- of1: = - 2 critical 1
TR - v - (ub-off: = w, > critical § eq
1 [}
Gy ™N slope = —20N dB/decade (~90N)*= W, °/l0 e |0wo
(90N)"*
Simple Zero / -4§
slope = 20N dB/decade -204p
(1 + jolo )V 0dB : . " /Aec -90
wc
Simple Pole o o w - Jw
( 1 )N slope = —20N dB/decade Rea.\ Tefo . H (5) =41+ e
1+ jowlo, —_— \
SSOMdeatk Zare slope = 40N dB/decade
) 204dB / 30
(1 + 2ol + (jolo)PV dec
0dB + ® ; t + @ 45
(2N 0lw. @ 10w,
0dB—% SV Dol GO o | Yo v | 2w I,
Quadratic Pole [
1 slope = —40N dB/decade
[1 +j2¢wlw, + (jolo )Y

ORERATIONAL AMRLIFIERS.

MC:
“p
o v, = Ao,
0ﬁ(’.e
Properties: Tee

High Gain: A = 105 — 10°
Differential input:
Linear operating range:

Saturated by +v,.and - v,,

Usually =-v,

Ol'{tput = Input - Grain
= (\/E— \/h)~Gain

Negaﬁu«. feed back

/

AMBLLFIER

Figure out g Sieor
drom given A

. /Un

o

= 2 cirewids  are pot  ctonnected .

dependent- Wlage Source

TDEAL MODEL: ;
/U;n = RL v
[ g Rin +Rs
— U.aw\ = A)'gz RL
” R+ Rous

1. iy =iy = 04

2. Vp

’\S‘SumPhons- of ideal models

=

=2 Open cirwil

= v, (voltage is the same, different node).




Table 4-3: Summary of op-amp circuits. . .
Op-Amp Circuit I Block Diagram DIODE: P -n \)\M\ ction
@ v P= holes 3 n= electrons
s —O0U, Ry +Ry
e T, ™ An_t\a_de Cathode.
B G_| 1§
Noninverting Amp v
= (v, independent of Ry) D i > )
®) i)
PG X : Break E Reverse Forwafd
Dg = G=_R_f — 0, = Gvg dDW'\ ! bla.s B\AS
L—0 v, s |
e ! |
e Inverting Amp ! T Vq« vy
(c) R Re V] —> ; «—
vy O—vWWA VWA | [ | + [ ‘ -
Ry Uy — v, = Gy + Gavy + Gaog 'l + i
v O—AMA = o | —_
v“
UJO_,\R}?/_ _r i 03— G3 . _Rf/R3
= Inverting Summing Amp S \ D' d M d ‘
5 imple Liode ode|:
( )Dl O—AW VWA Ry
Ry Ry o1—>| G = - 7R
Rs = o ‘ ; }—> 0, = Gvg + G0y L} Fo(wa,l‘d Mode : rep|ace.c| with
g Ry +R R . ,
R R £ 02— Gy = ( IRI 2)(R3+4R4) 0.3V source l{ by >0 .
! ip>0 p>0
= Subtracting Amp — —
() + -
0.3V
Ry . .
& Voltage Follower / Buffer ZI RC\I@T@Q Mode : repla.ced WIH\
- (v, independent of Rg and Ry ) ) { A
L 0, indepen L open Grewit it Vaak { vy {0.7
Ry +R R, L
v —> Gl=( le 2)(Rs,+-Ry.) ' \,D {0 "D:O
' S
R,
B e (M50 ()
_% —_— Soluing problems: Assume all diodes
Ry . .
17 Lo o= Gror + Goos in Reverse mode firet. Check
Noninverting Summing Amp Concliions . Ckm\ae %CCOI'C“I\j\ﬂ

RECTLFIER DIODE: AC sourte| Mixed AC/DC Sijl\al: Bipolar Junction Transistor (BITS._ NI
‘/quwﬂ rectifier 2 Ou‘tPu‘t" Prp C nen C Active mode ™ 0V A
Check each mode, — :

DC is vertical | B B c et
e Vae(t) e . PNP T A ¢ L i
tondision > plot shife | same e E

T“c —
() Vout (1) e -{lrequw ¢y.

. "’b
UDC .
: EBI : Vcg >, 0.3V
. th \ N > 0.3
Zener Diode- Cut off mode- EC ~ &
ND '\?,SG.’(\\JQ 3 main States: NEN ENE
c C

R

tg >0 /

. . ) ° ° \ 0.}

1.For v, = v,,: conventional forward-biased diode. => é? o.7|-B VpE 403V =1 EB .
. < . VeR ] ‘ °
B”de U_:IA,“WMG RP,(’,’(IF\QI. 2. For@< Kvn < v,y Open circuit. TJ Vp £ 0.3V + : E 8 + E
3.For v, < v,: Zener breakdown, voltage across diode is —v, SM““‘H‘O“ W\Ode, :
00¢ : | Le
Break down Mode: Ny = Vppy LTy ‘
" ‘ ‘ —
—5 2 Jo Griven like this- j 5 0 - O
¥, = 5V 4mA : 03\ E
Verk S) 2 2?_‘1 e i ig 30
- a2 =

(¢ L Pie
(at-of > Active > Secturation




