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v, = &) || +Z ?&)

V& — EQ’ ?] -'—ifaara
% Vv, and Vp @ve dependent vavipbles
* §, and 1p ove independent Yovigbles

¥ 2 TR, Ze), AR WC E-pavameters
Find 2, = i =0

+he.n
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-V
ZQ] = R
M
Wheye tll|:o
Z2i1p = \? J
Y,
Q
1y, =0 /‘
2R = i@’_}
i)

Y - pavameteys: —
VY o VVW S AN e AN

h =Y +Y5vp

R =Yg Vi + Yoo V¥a

Wherve V& =D

AN h@,Y(_ V' =0

9
Y;‘Q - ..2_
)
Wheye Va =0
Ya = 13
Vl
Wheve V. =
fa‘
Yaa = —
VQ_
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| .
payameteys! —
0 0 /\/\/V\

H -
2% NN

Vv, = h”.’l—, 4—"),-&\%)
Ta = ha) T +hEJ&VD
* Vi and Tp ave dependent vaviobles

Q ’
* 1\, and vp ave independent Vaviables

* hu o ha, ha), hag ave called h- paYometeys

considey V3 =0

() V, :hll I| +0
hy st Y
I

¥ Resistanece =h) rbecavse ¥
NPV impedance . .

Y . Then hit 13 called

.

F hin IS 1npu+ impedance  wi-th OUHPUt Voltape i< zey,

_ ' (0%)
Lnput impedance  widh oydput pov+ 1S shovd civeided

-

Foo
L

hat =

=[5

¥ hpy is ovutput cuvvendt by INPU+  CuTYend
+hen 1+ 15 called evyyent 00\;0 (_07) Foywayd current 70\"0

*h&\ 15 -P-O‘(W&Yd cvyyend- ‘amiﬂ with oUHpoF 1
shov+ civevited. :

:sfmilow\y I =0

Vl = 0+ hlav&
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* hip is input Voltape by ouvtput voltape +hen it is
—f—ealted— Reveyse NOoHAJE Jain.

¥ ha is Reverse vortap gain with input+ Wwivent is
ZeXYD

(o)
Reverse ' voldape qain with input povt is open
civevided .

6imilmlg -

(=0

(9 =o0+hpaVy "

°
|

2
Vo

E '-_\1/-' = impcdomcé]
[

T - admij+ance)
= |

haa =

¥ haa 15 OUpUT addmi+ance  with 'inpu-}- povt IS openg)
civevited.

Wheve
v, = hyT +hiaVy
v, = he I +heVy

Tp = ho G Hhea'a

Ty = }‘\.P-Il 4+ hoVQ

[ hn = hi . hi@a=hv, hat = ht Jhaazhﬂ
A paetle ) (_\\Lq




ht = Inpud+ impedance

]

hy = Yeveyse voHage gain
hp = Fovwavd cusrent pain
hp = Ov+pud admitdance

B, CRATATIAEo: -
v, = hib 1 +Hhyb Vg
Tp = hdp i +hobVy

iguyaHon.' —
P g cantipwalion

V, = hje ) +hve ¥p
— hde || +hoe Vp
S . SNt -
v, = hic i1 +hve VR
Ta = hdct +hoe Vo

O HYBRID MODeL (oY) H - PARAMETER MoDeL ' —

NV e AWVVVWWVY ¢ AN~ oAy @ AV @ AV LAV
v, = h; I +hy¥p —>Voitoje equa-Hon
— h;};I;+hoVa —> cu¥Yend eauahon
R e .
< =
he T
+

Y, O Ohn g4, "+
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APPIYy  wvL 40 input civeid

-—V, +I, h? "’I"\‘(VQ =0

v, = hi T +hxv&[

APPI) kel 0 outpot Gveit

Mygﬁeg}, +HYANJis+ oy MhJ‘IQT c.ﬂrwl+ Asing h pavamele.!

&= X .
Rs — <«
N TWO povt \LIL
i v, NeHwoyk v z,
{'—tﬂa Dﬁfs—}w) |
7
I
v, 5 @

Find 1 covrent ain (%) cuwvent ampjidicatio Jactovir)

Q- 1nput impedance () 3. Vortage gain (AV) (o%) Vol+age
amplidi cation Jactoy A. OWpUE admittance (1)

A cvuyvent pam!—
VVVYY e TV
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Considey T, =_71, )'_ Becavse T and Ty O¥e Same
wyrents but opposide N dimc—Hun_g]

APPly kel the ovtput civevi4-
Tp = h1T +hovg —>@
Vp = TuZL =-IgZ
Vg = -Tp2, —6
substitute equation @ in equation @
To = hp T +hp (- Ty )
T =h)T —hoITpz,
Ip +hoIg2L =h}pT,

T (Ut hoto) = hiI:

T (I+hoz) = h I,

T2 _
I| H—,’loﬁ_
-In _ -hy
I | +ho?L
AT = —ht
| +hoZl
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T,
T R3 3 -
——WW — AW, 2y
+ 4
©

. J )h, %fm 2R,

S <
(

APPlY  XVL h input civevid Q

V) +hiT; +hyy, y\fa =T R
Ya=-I,. R,

v, :h,’I, -H'WYL ._%
svbstitute equation B in equation ()

er= DMLY ot v
I 4
=hi+hy ~Ta R g
L

[ R = zg

zf = h?-J-h}r AT -

svbsttute At valve

I+hoz,

2"? = hf — h\"‘l')— )
W
(CHho)2

i L\ ! %[lq



@

O

2 = h? _ th.‘,L
(-L—a_H\o)

voltape ain (ox) Volape aplicaton jﬁm (AV) |-
o P 0 AN

e VN @

= YR
Ay ~ —>(1)

Va =3 I’_-?:L_
Va -—-—IL.:Z‘_L

svbstHiute vy valve in equation ()

- 7T
Ay = JZEL

A\( = AI-TI%L. 4

v, E'IQ = Axd,
— AT - Ye T I
Ay /%f L%; = I;:I
AV = AT €L - .I_' ::‘—'-';']
Z v '
OUt+put  admid+ance (Yo) ! -
ANYVVVYY 8 AN 0 VYV 0 AN
xI
V3

APply kel +o Jhe outpvt aivevit
Ia =h_];:rg +h|)v©

Divide With Vg  both sides
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APPly WL + Hhe input dvwit

Yo = hd - TL thy —>(@
va

r Rs hy

- )
~

+_
hyY,

I, Rs +hid +hyvg =0

T (Rs+hi) = —hyvg

T
va

- m/RsH\? —> @

Svbstitute equaHon (F) in equaton (1)

PROBLEM ! —
VYV ¢ vy

Yo = b () +he

YD — "\D — thhY
Rs4+h!

A ce amplitiey as be h pavametey given by

hie =lop , hye =8X10% Ky =50, hoe = asua

'l +he both sSovyce and

load Yesistance gve AL ka

deteymine o) wyvent Umin (AT) b) Yol+age gain (AY)

C.) i(\P\H— \mptdﬂﬂce. (&f) d) 0U+PU+ ad mi+ance (Yo).
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O

301y Hon ! —
N s AN
Given FHhav) —
hie = 100
hye = amo"‘
hte = SO
hDQ = as_ﬂﬂ_
EL = ..1_)(—0_
f —
R, JRl0, (D)
At = —hie
"H‘IOQZ[_
AT = —=° -
| H2sxi0°) () x16°)
AT = —48. 18

Q. Vvoltape join (AY) -
VYW o VYV

AL . 2L
£

Ay =

, = (=48 98) Uxip®)
0. 243

Ay = —54-R.F56
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Fovy CE r_oni,gum—Hon exact mode)! —

A e Y o MNe AN 8 AV o AAAAN
| +hoe
Ay = AI=zL
Zje

2z} = hije — hvehle
I/%L“H'lol_

Yo = hoe - _____h-f—ahye,
Rs +hie
Fov LB CROHINON, Mgt Model-

AT = =h¥b
I+hobz;

Av = AT 2,
FEib

20 = hijb — hvbhip
Ver+hok

Rs+hip

ce condiauyaHo eXAct Node): =
me AAAN «Vn;{?\‘./v\ﬁt ANV 5 AN
—hle

AT = —————
I +hocz,

Ay = —é_j:_ﬂ‘_
Zic .

Zy = h;(‘_— hUﬁhJ—c
l/a_'H’\D(_

Utk =Yy '?/o?q




No = hoe — M hre
Rs+hic

HARABREAN L ARRSARNS Ro2

YV I,
T
_\9 \\[’ hw/i‘% %thlb é}“’a %RL I
AT = zhie )
[+hoez
AT = —hie Y_ o >>>R’;\
I+ 0
LJ_ >>> hpe ©;

2l =hie+hve ATz (Where hye =0)

Z! = hie] @
AY — Al ¢ ' na
AV = —h)e 2L
hie |

Yo = hoe — _h_l_e_lw_e, S hye =0
Rs+4-hie [ ]
_ hoe = 0

\(o =0

iy 8 [el2g |
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PROBL(‘:N\ —

e VIV
A ce omplitiey i+ given by a voltoge Souvce of-
intexnal YesisHince Rs = 8000 and +he 10ad impedance
RL =10006- ,The h-pavameteYs ove hie = Lka , hye =axid
hie =50 , hpe =_ES‘XIFG AmpeYe. peX ohm . calcylade
covvent  gain (AT) , NPVt Yesistance (rT) ,Vol4age gain

(AY) and oviput Yesistance (Ro) U5|rV

exact analysis
and appYOXimadte analyss.

S0lU-Hon! —
Yy O (Yvn
cuYYLN+ Uain AT = —I‘\-ﬁé’_,
I'+hoeR,

AT = S
(RN {0°) 1000

AT =-48 3804

input impedance RY = hie +AT hve R,

3 —
Rl = LNO (48 -3204) (anpt) (1000)

[Ri’ = 0-99 kSL (0Y)99p .4

VOH—O\VG_ ?min AY = AT - Re
RT

AY = - 48 . 7gp4 1000
49 4

.

[AV = — 49247

N 3 I VN \t:fQ?




0Vt+pu+  admitance No = hoe — h2ehye

hlAG_J—Ej
No = RSXI0° — spx axgh
lel}a_—J—soO
Yo = V-as Xl6s_mh0
t
Ro = ——
O YD

_Ro = 51546 - 399 (0Y) 5]-5 |

H — pavame+ers GPPY0 Ximadte %L o ce ton-}ipqvm,g——

AR O PN S AN @ AN AN ANV 0

VYo Ve YWY

Ks hie T
5 AW M ©« ¢ @
+ T4
. v o h h
f o)
© AONOLEAE LI
- € ) )
4 >>>
3 hoe,>> EL
B . 1 >>>hoe g
- HeR, T o
Md. N EI_. V‘L

Above Civevit is  approlimate ciregid of common

emidfey.

M eet mode |

. —hle

t4+hoc #h

Vs Uy

6] og
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hoe is  Nepledted in approximaie Mmode].

AR — '-"Ia!&
{40
[AR = —hle

EYOM XA mode |

2l = hie +hre ARz,

2] = hie r_ hve is Neglettied i-ﬂ
hve =0

FYOM  eX AL mpde|

Yo =hoe — hte hve

Rs +hie
.+ hoe , hye valves ave
YD = 0 - Q__hI’;—_ Ne_plea-H-td
Rs 4-hie
Y =0
FYom  exact mode) [ Ay = ATe }L_‘}
2T
AV = — hl@ Z.’L A— _
2T r—R - M’J
FOX , common |, emikheY condijuradion, exact mode.
~hle
AT = —mMm8m— cuYYen+- )
Thoee, L Gain]

2T =hie+hve ATz, [INpU+ impedancé]

Av = ALef
2T

[ voi+age gain]

No = hoe- hve hie [ovtpu+ admi-Hang]

Rse-thie
|f\n?\.._..\l lﬂlr.‘)o




coliectoy ! ~
cremm\%,\ ¢ /V'V\o_]_/\?\/\'
I+ hoez;

2l = hit +hye ATz,

Ay = AT ?:L./'Z_I

Y, = hoe — hve hic

Rs4hic
common Base ! —
AVVNEAN 0 ANAA
AT — hidb o
| +hobz;
2T = hib4hybh ATz
Ay = ATb 3z
2T
Yo = hob- hvh hib
Rs +hip
mp?m?ms . m\fc()llmaﬂ model —J-o‘( /m q
' e Ty, "
Rs %
Q@ % \ %E!_
I |
AT = =G
Te
AT (= ~hte . Tp Er@+hl¢zb -Ib-"‘ﬂ
~hte T,-T

ik ety 1829



— ffhle. - Ty,
7T (hée +1)

_ hie
ARE = | +hte

AT =-hdp
RT =V
Ve = hie I
Vo =-hie Ty

Uik
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hle . 7z,
hie

AY =

0v+pu+ admi+t+ance '~
IaVaVAVAV I BN AA VA T AT AVaVarg

Ve
0V+pUt Yesistance = L = !
Yo 0

VY LOVM D o AaN s A s A O

APPYOYXimate  h— pavametey model Joy ce condipuyation:
LT e W - AN e AN o VYV o AV

= d

{b hie
B TMW\, <
P\_5§
V‘b '

0

.
T

AT =

APPly KcL A+ npde 4
I@ :—hL&Ib "‘Ib

— :C‘”"\‘ﬁ@Ib "'Ib)
Ip

AT

8 \l\‘\l—-’ [-I Q_D/i’q



APPlY kvl o +he cvevit
=V thieTy, +R. (= (—hieT b=TIb)) =0
—Vp Fhie T, +R (hle T, +3h) =0
= hieTy + 1 (1+hle) Ry

R? = hieTy, +1 (+hte) Ry
1

Ri = TBChie + (1+ hieype)
i

Rf = hie + (1+hle) EL]

'VDH—/\'@\L Gun -

AL . RL
R{

Av =

tael— U od 99




(Hhie) R
RY

= hied (I+hde) R, -hie

RY

o '

AV = Ri '_hlﬁ

RY
hie
Ay = 11—
Ry
ovt+put admidonce I - 1S
ANV 0 AN 2 AV
'V5 =0
YD = "‘)‘hy'?_
hit+Rs

| +hte

PROBLEM: —
VY 0 IVIVAA

A voidage souvce ol intynal Yesistance Rs = 9004 @
dyvives a cc amplidiex vsinp load Resisiance R = 2000<1
4he ce h-pavameteys ave hie = 12009, hye =ax o+
hie =60 . hoe = BSX 158 MA [y Calwlate cvivend 908in (AT)
input+ vesistance (RT) .Voltape Jain (AV), ou4pu+

Yesjsiance (RD) Vsing  approximate  Qnalysis and

EXACYT ana\ysis.
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XY RAYA-
Gven that

Re = Q000
R, = ®RO00O-
hie =1®@00<+

hye = axfﬁ*

hte = 60
hoe _asxipé MAJy

cuwent gain (AI)
~VYvyy o YV e A

AT =1+hle
AT = 1+60
AT =6)

' Yesistance ! —
W e A e ANV

RT =hie +(1+ hie) R
= (RA00 +(I +60) X600

= 1a00+61 XQA00D

RT = |, 23, 200
VaAtage, gain!-
py = _6IXx@o00 _ 1l 28,000 Ty
71,&3,300 L R3 @00

ook ax]ag




v+ Resis f—
Wb WA

Ry = hie +Rs — 1300+900 2100 —
’+h"L& [-}.60 61

e

hie +Rs | R00+900 R100

Yo =

guact, Mode) -

common collectoy

~hie
V+hoc 7l @

AT =
Rl =hict+hve ATz
commeon coltecHoy 1N common emidiey
hic = hie
hie = —(|+Hk)
hWe =1 -

hoc =hpe D

hic = 1R009- , hice =-(14+60) = -6

hye = L hot = RE X156

— htc — =61)
I +hoc ZL ! + (X 10%) (po00)

il

AL =

6l
| 4-(0 00000 ar)(aooos

—

o4 aul 29



AT = 5'8’-0‘7

RT = 1200+ 158 09) (Q000)

RT = N3 -380.
=T RT
S3:-079XRAO00 _ hé48o = 0-989
13 380 T 113-38)p

.YD = hoc __hY(__h'P'(_
Rs +hic

— ASX1 P~ I % (~61)
1V +3804+R00

~¢ 1. 6|
= QS Klo" oo Himo0

6)
315D

— 0ro0S

— 6
\{D = A &XIp +0-0005
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common emitdey oamplitiex with cMitdeV Yegigtance s

AAAAS
j&_ (oY) R,
Rs c
4
Re

hl‘i & : IC.
f'__?R_'/VVVM""_"'T_-( «— J— C
hte T,
Rs % Yz,

-
H
i

= = E T, = h-fle.Iél

AT = —hle

k-4 26[ 29




PR RBLSANA

Zfzﬁ_
Iy

APPia kv +o “the inpv+ |pop

~Vp+hie T, + (I +h¥£1b) Re =0

Vb = )'\JLI[D ‘I'EéIb -Fhmtd I Eé)

= Tp, (hie +Re +hle Re)

= T, (hie + (1+hfe)Re)

20 = Ty (hie + (1+hle)Re)
AN

2i = hied(1+hfe) Re

WA RN

AV = —-—____A:;fL
|

hié*l—(_l-l—h-ﬁ@,)ﬁé .

ouU + oadmid+ance ! —
N-\';B\“;)'\ e NV\/\ONW\

Yo =0

YD == IC_
Ye

Rp = o0
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PROBLEM | —
Yo VvV

sou¥ce od ink¥Ynal Yesistance Rs = )mop< +he 1oad
ave hib = @29, hyb= 3xi5% , hip = ~0:-98 and

voltape  Jain , 0UpUt impedance vsing exact and
approximate Analysis.

Guven FHhad)
VYWY ¢ VWV

hip= @2a . hvb =3xi07 , htb=~093

hob = 0'SMA > Rs =1®00 ' RL =1000

exact Model! -
AAA'A NV

i ; —
AT = —hib g (—0-98)
| +hobZ; I+ (0'5)(156)(1000)
0-9% '
AT = = 27%  _—j.939
| + 00005 1-000$

Zlq = h;b +h“b AIP[_
- a9 +3%x10 Fx0-939% 1000
— R®Q +0°003 x0T+ X000

— RANF 0'DI3F

2? - D3,

vattY &5{)04

FO¥Y 0 ¢B +Yansis+oy ampli—Ha’ = =Divm by A4 Volape

impedance 18 A YeSisH0X R =000, +he h~pavameteys

hob = 0’ S MAfy - alcvlate. cuyvend gain, inpu+ impedance

__.@_ =




e —— - e o ®

S —

Av = AIbR. 0-9F9 xtooo _ _9%9
& AR 3 A3

AY = 43:90

Yo = hob — hyb hidl
Rs+ hib

(3x15%) (-0 %)
| OO0 +2m

= CO’S‘) CIBG) —_

= 0 0000005+ (0 0003) (0°9%)
RO

= 0'00000s 4 200094
[ VO

— oS )UEE) + (Ra4) (15 H)
F )y

Yo =0 $x15°+ (o 0084)

App*omima#namrgég‘. -

VY D
AT :-h':P'b = —(-0'98) =0-98
R{ = hfb - 2D
=3 v,
_ AT-RB, _ 6:98
AY = . L 0-ag xtese- _ —ten
& RR),
Yo = o
Rp =20

ok Y, Wy







