Tuned Amplifiers
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The typss of amplifiers that we have dizcussed so far cannot work
effectivaly at radia frequencies, even though they are pood at Gudio
fraquencies. Alsg, the gain of thesa amplifiers 15 such that i will not wary
accorng 1o the frequency of the eignal, over 3 wide ranga. This sllows the
amplification of the signal egualy well over a range of frequeancies and doas not
pemit the selecton of paticular desired frequency while ejecting the othar
fraguencies.

S0, thers goours 3 nead for 8 circull whach can ssbect as well &5 smiglify. 5o, an
emplifier cercuil along with a selection, such & a tuned circuit makes a Tuned
amplifier.

Amplifiers which amplify a specic frequency ar narrow band of
fraquencies a7 called tuned amplifisrs. Tuned amplifiers are mostly used for
the amgification of high or radio frequencies. |t s because radio frequencies are
gensrelly single and the tuned circwd permste their selecton and effickend
amplification, Tuning (i.e.. =electing) of frequancy s done by using a twned or
rasanant circuit at the load.



What is a Tuned Amplifier?

Tuned ampSfiers are the amplifiars that are employed for the purpose of funing.
Tuning means seleciing. Among 8 st of frequenciss aveilable, f there oo a
rieed fo esfect a particular frequency, while rejecting all other frequencias, such a
procass is called Selection. This seleciion is dane by using a circuit called &8
Tunad circuit,

Whan an amplifier crcuil has s losd replaced by & tuned circiet. swch an
amplifier can be called as a Tuned amplifier circuit. The basic tuned amplifier

circuit lzoks as shown below

Tha bemer circw is nothang bat & LC cancuit which s !

ezo calied as resonant or tank circudt. It eslects

lhe feguency. A ned circuif = capabls of el
amplifying & s=ignal over a narrow band of ;. { % -
fraquencies  thai are centéred & resonand -
frequancy.

Whan tha reactance of the inductor balances the E )
reactance of the cepacifor. in the tuned circas at -T
some frequency. such a freguency can be caled as = : /9

rasonant frequency. i is denoted by £ R "%_- -
Tha farmula for rasonancs is i

¥
%=X, f, =/ 2wilC



Tyipes of Tunsd Circuits
A tuned circuit can be Senes tuned circast (Series resonant cirouit) or Paraiel tunad

circuil {parallsd resonent circuit) according to the type of its connection 1o tha main

circuit

Series Tuned Circuit
Thea inductar and capacitar connected in series make 2 senes tuned circuit, as

shawn in the following circuit diagram. L
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Al resonant frequency, 8 eanes resonand cercuit offers lowd impedanca which
afows high current through it A senies rescnant cacuit offers meraasingiy high
Enpedance to the frequencias far from the resonant frequency.

Parallal Tuned Circuit

The mdactar and capacitor connacted in paraBel make
& parallal funed circuit, as shown in the below figurs, ,_l

Al resonant frequency, a parallel resonant circud offers high E
mmpedance which does not alow high current theough it. A parallal
resanant circuit offers increasingly bow Empedance o the
frequencies far from the resonant freguency,



Characteristice of a Paraflal Tuned Circuit

The frequency at whach parallel resonance ocours {Le. reactive component of
circuit current becomes zem) is called the resonant frequency . Tha main
characteristics of & tuned circuit are as foliows.

Impedance

The ratio’ of supply woltage 1o the line current s the impedance of the funed
circait. Impedarice offered by LG circuil s given by

Impedance = Suppiy Voltage / Line Current
Al resonanca, the line current increases while the impedance decraases

The bebow fiqure represents tha impedance curve of 8 paralal resonance cirourt

Impedance of the circuit decreases for lhe
s vafues above and befow the resonant frequency

X f_ Hence the selection of a particular frequency
i and rajacton of obther frequencias is possible:



To obtain an equation for the circust enpedencs, Bt us consides

Line Currant = [, cosg.
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Therefars, creuit impedance Zis obtained as

= i
R RE
Thus at parallal resanance, the cecuit impedance m ogual o LR



Circuit Current
Al paradel resonanca. the circuit or linge current | is given by the applied
voltage divided by the circuit mpedance 2 i,

Line Current 1= E
e
i
T R
Becauss L iz very high, tha line current | will be very small.

Ciuakity Factor

Far & parailel resonance circud, the sharpness of the resonence curve
datermines the selectivily. The smafer the resistance of the coil, the sharper
the resonant curve will be. Henee tha inductive reactance and resistance of the
coil determine the: quality of the kmed carouit,

The ratio of inductive resctance of the cod at rescnance to its resistance is known
a5 Quality factor, |tis dencted by QU
0= Xy InfL
SR
The higher the value of @, the shamper the resocnemce curve and the beter the
zalactivity Wil ba.



Advantages of Tunad Amplifiers

The following are the sdvantages of tumad amplfiars.

The usage of reactive components like L and C, minimizes the power loss,
wihich makes the funed amplifiers sfficient.

«The seleciivity and amplification of desired frequency is high, by providing
heghar impedanca at resanant frequency.

A smallar collector supply VCC would da, because of its lithe ragistanca in
paraial tuned circuit,

It is Emportant to remember that these adventages are not applicabls when
thera s & high resistive collector nad.
Frequency Response of Tunad Amplifiar
For an amgifier to b= officient, ds gam should be high,. This valtage gein
depands upon f§, input mpedance and collector foad. The collector foad in a
tunad amplifier iz a tunad circuil, 5z
The volizge gain of such an amplifier i goven by Voltage gain = —=

Where £ = effective calleclor load and £, = input impedance of the ampifier,

The valus of 2 dapends upan tha fraquencoy of the luned ampifier As 2. &
max=mium at resonant frequency, the gain of the amplifeer is maxineen at this
resanant freguency.



Bandwidth

The mmpe of freguencies ot which the valtage gain of the ised amplifier falle o 70,75 of
the mecsimum gam s called ils Bamdwidih:

The range of [réquencees betvween £ and L o colled as bapdwidib of the iuned amplafier,
The bandwidth of a tuned amplifser depends upon ibe ) of the L2 Grewit Le, wpon the
sharpoess of the frequency response. The value of ) and ibe handwidih are invemsely

proporizoa]
The lowre bedow detni]s the bandwideh and frequency response of the uned omplifier
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Relation batwesan 0 and Bandwidth
The guality factor Q0 of the bandwidth is defined as the ralic of rescmand
fraquency to bandwidth, i, 0- .
B
In ganaral, & practical circuit has #s G value greater than 10
Under thiz conditian, the resonant freguency at parallel resonancs is given by
1

= e



Thera are téo main types of tuned amgSfiers. They are -
=Single tuned amplifiar
=Daubde hmed ampifier

Sngle Tuned Amplificr
An amglifier corvuit with & sinrle tuner section beinge ot the codlector of ke amplifier
circait iw called or Single funer omplifier coreusi.

Construction ¥

Acsimple trensistor -amplifier circuit consisting of a
paratied buned cacuif in Ae collector load, makee o
singla tuned emplifier circoil. The velues of
capacilance and induciance of the tunad circuit
are selected such that its resonant frequency is
equst to the frequency to be amplified.

—+
Tha fallowsng circwt diagram shows 3 smngla
tuned amplifier circuit. -

The outped can be oblained from tha coupling
capacitor C- a5 shown above or from a secondary
winding piaced at L.

L]




Uhperading

The high freguency signal ihal has to be amplified s appleed ar the ngu of (be amplufier
The pesonune frequeney of the pamdle]l mned corcuit s made cgual o the fegoency of the
Aremal upplied by zlieting the capneiance value of the capacior O, |nthe tuned ot

Al this steme, the tuned circuit odfers high impedunce o e signal frequency, which helps
1 is[Ter high puignet across the wned circuit. As high impedance is offered only for che
luned frequency. all ibe other freguencies which pet lowes imipedance are rejecied by the
taned circual. Hence lbe tnoed omplifer sekecis and amplifice the desired freguercy

sipmal

Frequency Rasponse

The parallel regonance occurs 3t resanant frequenoy £owhen the circed has a
high Q1 thie resonant frequency | is given i

=
Tha followsng graph shaws the frequancy e
respanse of 3 single tuned emplifier circuit. .

At resonamt frequency [ the impedance of paratlel mmed iy
cireait @ overy highand is porely redooive, The volizpe saorow f

R, s iherefire maximmim. when the cincnid i hmed o

resannnl frequency. Blence the valiapges msin s moximoam o

resannel freguency and drops o7 obove and below it The 1l L paiel
hagher the 6. the narrower will the curve be.



Doubla Tunsd Amplifier
An amplifier circuit with 8 double tumer section being &t the colector of the
amplifier circuit is called as Double funed amplifsss céncuit..

Construction
The consiructicn of double tuned amgifier is undersiood by having a keok & the
following figure. Thes circuit consists of teo tumed circuils LG and LG, = the
ciollector section of the ampSfier. The signal ai the output of the tured circwst L, C,
= poupded o the other tumed circud LT throwgh mutwal coupling method. The
remaining circuit detads are same as in the singls tuned amplifier circuit, as shown
i the following circuit disgram.

T

Liperadion

The high freguency signal which has o ke omplified = I =
given o the inpuai of (he amplifier. The fumine coreust LU, 0 '35'-! " T
ig mmed 1o the inpd sapaal freguency. Al this condidon, ihe

taned ciroust affers high reacknce in the signal frequency. —J

Coosequently, large oaipor appears af the owmpuat of the

taneed cireat LU which 3 then coupled othe Gther tuncd
elreai ITL'._ throueh mucnal induchon. These doabde laned o "_n'n... " |_
circyis are exiémavely wsed fior coupling various circuiis-of | |'

madin and ledevmson receivers. 5 =



Freguency Hesponse of Deable Tumed Aomplifier

Thee double tuned amplifier bhas the special feanune of eoupling which s impoertam m
determiming ihe frequency response of the ampiifier The amount of muoinad mdociance
hetween the fwo fumed corcune shaies the degree of cnapling. which determings the
{redpoency respomse of the cincaie,

In order to hove oo aden oo the msual inducnoe properiy. fet os go throoeh the basic
pronciple

Mutual Inductance

As the curment camying coil produces soxme magnetic field around it, i another
cail is brought near this coil, such thatl it = in the magnstic flux region of the
primary, then the warying magnedic fux induces an EMF & the aecond ooil, I
thie first coll = caelled a5 Primary coil. the second one can be cafled as a
Secondary cail.

‘When the EMF is induced i the secondary coil due to the vanying magnets field
of the primary coil, then such phenamenon = called as the Mutual Inductance,
The figure below gives an idea about this.




Coupling
Undar the cancept of mutual mductance coupling will be as shown in the figure
bl

I

ok G.%S ||§ A ;EE: Learf
!—! Caotipding

Whan the cois are gpaced apeart, the fu
fnkages of primary coil L, will nad link the
secondary caol L. Af this caondition, the cails
gre Baid io have Loose coupling. The [
resizlance refiected from the secondary coil
gt thiz conddion is small and the resonance
curse will B2 sharp and the circwst Q0 &= high P
a5 showr in the figure beloe. i ]

i
O the contrary, when the pamary and secondary ! f oI : 4y
coils are brought clese togethas, they have Tight o

III

coupfing. Under such conditions, the reflected .-
resiztance will be large and the circuil Q is lower. g
Two positions of gain mawma, one above end the
cihar bafow the resonant fraguency ane abtaimad.




Bandwidth of Doubles Tuned Circuit

The above figure cisary states that the bandwidth increases with the degree of
coupling. The determining fackor ina doubds tuned circult s mot O but the
coupling.

We understood that, for @ givan frequency, the tghler the coupling the greatar
tha bandwidth wil ba.

The eqeation for bandwidth is given as

BWgye = kf;

Whre BW g = handwidih for doubbe aned concobt, K = cocflicient o coopling. and T, =
resoinl Feguency

Wi hope thad ow yon have zaned suificieni koowledee reeording the fincunmne aof
temed amphifiers: In ibe rext chapler we wiil leam obowt Reedback amplifGers.



Stagrer Tuned spplifier:

These amplifiers are usefnl o amplife ihe signal for a mniculzar Fegqeacy @npe only

And we gel more frequency bandwidlh i double-tuned than 1be single nmed. Bl there
i o eomplox procesz in the aliprment of the doublemed. So6 evercome (bis omplifier
lakoe stazper ianed " B mareduced.

This armplifier = a3 coscoding of simgle taned amplifiers. These omplifiers wene m
cancade farm which is havine 0 certan bandwidth-and cheir resenom freguencies sel
equal bendwideh ol vach srape. Thes type of amplifier grves more bandwadih. The need
for & szeer funed ie, the double smge amplilier gives mose bandwidih bor alipnmsne m
o complex process. These pmplifiors are imfmdoced o moke edsier & o 20l al
hamdwidih. The mom odvantnge of the sopeer ned 60 i hos o fac. berier ond wicle
frequency. chamcwerisiee, The below figere showa the bandwidth area coverage of
ampliffers like o sinple umed and sageers oned.

- 3

3 i
Tr T
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Advantapes

The nfvamiopes of this amplifier include the Dilowing.

There is 2 manirmem power loss - mned cincunits because o ibe mned circail they ase
naly induciar ond capacibar reachye compiingnes

It provides hieh selectivity

SHE 2t the owfpat level 16 good.

Applications

The apphications of thas amplifier inchide the folleeing.

Thege amplifere ane used e srlect o parbeubar mnee of feguencies Bke nodish, mdia,
lc

These amplifiers are used o amplify the desared sienzl s logh leyved.

Thiese pmplificrs ure preferuble in wareless commimicelion sysvms

Radst snd felevision broadcosliogs are very belpiol 0 select o particelar moge of

freqoencies



CHARACTERISTICS OF TUNED AMPLIFIER

o

Tuiged amphfies selects and smplifies & sple fiequesey
o o wixiure of fequeicies w ooy Teguency range,

A Tuned nmglifier emgloys o nmed crrcuil

1t uses the phenomenns of resonance. the ok cirenn whiel
s capible of selecnng a painicilar o relanve narrow band
of freqnencies

The centre of fthus frequency band 15 the resounnt frequency
of the funed circuit

Both tvpes consist of an indnetanee L omnd capacifance O
with bwo alemend comnected in series nod |.l.u.|:r|||rl.



»~ RESOMNANCE CIRCUITS:

* When at particular frapueney the mductive renctomoce
became equal 1o capagitive reacrance and the gircwit then
bBelurves as prorely restsiive circwdt. This pheswormerwen =

called the resonance and the corresponding frequency is
crnlled e resoimnt I equeney.

e = L
.

Tui famed = it

Resonance
circuits
|

| 1
Series Parallel




CLASSIFICATION OF TUNED AMPLIFIER

Tuned
ampiifier |

| - I.. —
I 1

Small Signal Large si
l Ampittor | || - Ampilher

| | 1

Single Double Stagger
Tuned Tuned Tuned
_ Amplifier Amplifier |




CLASSIFICATION OF TUNED
AMPLIFIERS

CRmall Signal Twoced Amplificrs - They are used o
amplify

the RF signals of small meagnitude.

They are fueher classifted a8

(m)Single Tuncd Amplificrs - Inthis we use
one parallel tuned circwit e each stnge

i pubite Tuned Awmplificrs - o this we use two
mutually coupled mned circuiis for cvery stage both
of tuned circuils are tuncd at same freg.

(e pstagper Toned Amplifices - T o molbstage
ampliﬁt,-.'r whitch has cvnaes [:.urnli!l:;*.l. inrniesd e for
every singe bt tuned frequency for all singes

Large signal tuned smplifiers:-

Ty ore. meant o amplifying lanee sipnals [in which anze RF pawer de-involved &
dopetion Fevel is also higher: Bul oned circui @lsell eliminsies mostof the

harmemic disiorion



# SERIES AESONANT CIRCUT
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SERIES RESONANT CIRCUIT:

O Ppeadinrees OF The Clranli: = &= B2 & (X, - X, T

o= | B3 = funl — 1 w00

o Vor pesopnnnm fregquensy s

i M M,
ML = el = 2. LI
M 10 ot " & 3w 0L

SERIES RESONANT CIRCUIT

Hinmce 8l Posmiaice,

B - S

fom f
Teries Reannanoe



~ RESONANCE CURVE OF SERIES
REEDN&NT CIRCUIT :
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= QUALITY FACTOR:

= It s vallages magoification fhat concunt prodoces. at
o pn e a= wdllesd 1T 18] Fiac=panr.

= Violtage Magnificatiomn = b X £l L

= A1 Hesananees =

Mo FH = M1
gl YR = ]
e e e g T ey IR
FhiLIH

Q, = il W= ol
amii o ®
= e T e T

- w i
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# IMPORTANT POINTS

(1
il
(3)
i4)

Net reactance . X = 0.

Impedance Z=R.

Power fadtor 15 umty.

Power expended = 6 waltt

Current 5 so large & will produce large voltage
across inductance & capacitance will be equal in
magnitude but epposite n phase,

Series resonance 15 called an acceplor circuwit
because such a cewt accepls curreni al one

particular frequency but rejects current at other
frequencies these circuit are used m Radio —

receivers .



Farallef resonance circuit

FARALLEL OR-CURRENT RESUMAMNCE

* When an mductive reaciance and o cupacimnoe are
eoonecied in parzllel conditton may reack wnder which
cwrrenl reipnonds (also kmown s paralkel oroonh-
neannanoe | will take palace,

« The [requency al which thin happened i known os
Tesonani

[requency. Curmenl will be in resonamee. [ oreactive
component Bl B -L brmnch,

o [R-L sigth ®-I. = Rebsciive componpent. of copacitive
toinchaneglecting keakage reactance of capacitor

FREQUERCY ¥V IMPEDANCE UCURYVE
PR LCR CIRCUTT
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REZINANCE CURNYE OF PARALLEL RESONANT CIRCTIT:
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314 Sngls Turaed Capacifhn Ceuples |
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Fig. 1.15 Singin tuned cepucitve sousied
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SINGLE TUMED AMPLIFIER USING FET T

LIMITATENN:
= This tmned amplifics are reguired 0 be highly selective, But high selectivity nequared o
izned circant with @ high Cilacior

= A high £)- factor cerouit will zive o high A but st the same ome |, 1 will give mach
redoced banad with becusse bandwideh is mversely proportionzl io the Ok fwior

= It means that mnmed amphifeer with redoce bandwadith may nat ke oblé o ampliby squally
ihe complete band of apnals & cesull ie poor reprosfuction © Thie is called podentisl
Instabality m ned zmglificr



Doulla tuned Amplifier:
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Buriteinttn of Dowbilio Tunod o
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Vil ke hal, Bhe 3 dB Barkhwidth joet sirggle baned amplifier &5 7 00 Themefone, the
1 db bandwidth provided by double ned amgliter (1140 & mibstangisly grester tn
e 3 dA bandwidsh ol single med ampiilier,

Compared with o single nimed smpiifies, e double tured smphifar

1. Posetsses a labies respomse having sbeeper aides.

2. Provides larges 1 JB bandwiglily

3 Provides large gamn-bandwidin produc,



STAGGER TUNED AMPLIFIERS :
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1.8 Staggered Tuned Amplifier

We have seen that double tumed amgifer gives peater 3 JF bandwidth having
sierper mides and el op Dot algrmesd of doubls Yuse! smplifiee 5 dffoil, T
vt (s problom two single tuned cascaded amplifiers having certaln bandwidsh am
tmken and their Fesorant feequencess am o ddjosbed that they ave separaied by amamouni
wiual o the bandwidth of each stage, Sleee e resonant eguenchel sne digplaced or
wmwmmmuwm-qﬁnmmmﬂmm
tuned amplifier @ 0 have & beiber M, widebmrul aidicw 0 cantrast with a very
sharp, meseclive, mamow band charsctedste of synchronoosdy umed circudtn (hned o aeme
tesonend frequenchen). "R 323 shown the melation of empdification charsctersbios
Ienldielial slagus in o sleggernl padt o e oveesll amplification of the twa stages.




Thet peral] respomse al the o siage sogger muned pake s compared in Fip. 3,24 with
the eorrespending mdbadial singhe Simed steges having same resonant clreults, Looking al
Fig 334, it ean he seen fhat staggermg reducos tho botal seplificotion of e omire
fequency lo 05 af fhe poak miphifenton of the individosl stage and ml e cumerm
Irequency gach stage hae an amplification. that i 0707 of the peak smplficabion of the
individieal singe, This the eqivalent viltsge amplificstion per slage of the slagpered pair
s (LTUT times op gooat geowhon the gams fwo gbps aro s without snggenng. Howeves,

A us e

e N
Fig. 3.24 Response of individuaily funed and siagpered tuned palr




APPLICATHINE OF TUNED AMPFLIFIER

Tmed amplifiers seree the best for (wo puoposies;
) Selectvon af desired Frequency.

bk Amplifying the signal toa desired feved,
UISED IN:

U pmmunscotion transmillers ond recereni,

= I filler design —Band Pass low poss; High pese and band refect filter design

ADVANTAGES

# [ provides high selecriviey.

[ has smadl collector voltape.
FPovwer los 15 also lexs,

Rl 10 neise iz of (VP i peod

# They are well suited for mdio Iransminers and recervers









QUESTIONS ARE WELCOME



