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. Syllabus
6843 NETWORKS, FILTERS & TRANSMISSION LINES

NS

e To provide the comprehensive knowledge and skill on four terminal network
o To provide the understanding and skill on attenuator & filters.

o To familiarize with the transmission line.

e To provide the understanding and skill on aritenna.

& To familiarize with the propagation of radio waves.

SHORT DESCRIPTION .

Four terminal networks; Half section network; Attenuators and filters; Transmission line; Line constant &
impedance matching; Antenna; Propagation of radio wave; Effect of earth curvature & ionosphere on
wave propagation.

DETAIL DESCRIPTION |
Theory:

1 Understand the features of four terminal network.
1.1  Define network. -
1.2 Define the terms (a) Active element (b) passive element (c) linear & non linear element
(d) Unilateral & Bilateral elements.
1.3 State the classification of networks.
1.4 Define symmetrical and asymmetrical networks.
1.5 Tllustrate characteristic impedance, propagation constant, attenuation constant and phasc
constant of general four terminal symmetrical networks connected in services.
1.6 Illustrate iterative impedance, image impedance, image transfer constant and insertion loss
of general four terminal asymmetrical network connected in series.
Understand the features of special network.
2.1 Define recurrent network.
2.2 Distinguish between the unbalanced and balanced structure ladder network.
2.3 State the meaning of lattice network.
2.4  Draw unbalanced and balanced ladder network as series of T, 7t and L sections.
2.5 Explain the equivalence between balanced and unbalanced sections.
2.6 Mention the parameters of four terminal networks.
Understand the featires of T, 1, L and half section networks. °
3.1 Express the deduction of the characteristic impedance (Zo) in terms of lumped impedance
(21, Zy) of symmetrical T section and T section networks.
3.2 Express the deduction of the Zg in terms of Zgc and Zgc for T and 7 section.
3.3 Express the deduction of the propagation constants in terms of z, and z, for T& 7 section.
3.4 Identify the symmetrical T and 7 section into half section network. B

3.5 Express the deduction of the iterative, image, open and short circuit impedance of half p§ i

section networks.
3.6 Identify the unbalanced and balanced forms of L sections.
3.7 Express the deduction of the iterative and image impedance of L section network.
3.8 Draw the T as star and 7 as a mesh network.
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Understand the features of resonance circuit .

4.1 Define resonance circuit.
4.2 Mention the types of resonance circuit.
4.3  Analyze series and parallel resonance circuit. :
4.4 Explain graphical representation of series and parallel resonance. b |
4.5  Define half power poini, 3-db point, resonance frequency ,Upper and lower cut of frequency. (8
4.6 Derive the equation of Upper and lower cut of frequency in terms of circuit parameter. % ’
4.7 Explain Q- factor. :
4.8  Deduce the equation of Q-factor..
Understand the features of attenuators and filter.
5.1  Define attenuator and filter.
5.2 Define passivé & Active filter. : -~ }
5.3  Express attenuation in decibles and nepers. € :
5.4 Mention the general characteristics of attenuatihg network. 1 !
55 Show mathematically the attenuators involving symmetrical, asymmetrical, L and 7 type
network. :

. 5.6 - Explain the variable and ladders attenuator. -
5.7  List the types of filters. '
5.8 Mention the general properties of lowpass, highpass, bandpass and bandstop filters. p
5.9 Mention the application of lowpass, highpass, bandpass.and bandstop filters.

5.10 Represent the lowpass filter in symmetrical unbalanced and balanced T-section and
symmetrical unbalanced and balanced 7 section forms.
5.11 State the theorem connecting alpha and Zo,.
Understand the features of special filter.
6.1  Explain the cut off frequency and constant K-section of filter network.
6.2 Mention the reactance frequency characteristics of T and 7t lowpass and highpass filters.
6.3 Identify the attenuation vs. frequency, phase shift vs. frequency, characteristic impedance vs.
frequency curve.
6.4  Mention the significance of T and 7 section low and highpass filters.
6.5  Express the deduction of M-derived filters.
6.6  Explain the operation of crystal filters.
6.7  Describe the impedance matching of filters. A o

. 6.8 Mention the difference between active and passive filters. 1 1

Understand the features of transmission line. K
7.1 Identify the types of transmission lines. i

+ 7.2 List the application of transmission lines.

7.3 . Explain the velocity of propagation and characteristics impedance of transmission line. Y ]
7.4 Define infinite line.
7.5 Explain the short line terminated in Z,.
7.6  Explain the current and voltage wave along a transmission line.
7.7 Mention the propagation, attenuation and phase constant of a transmission line.
7.8 Describe the voltage, current and power reflection of transmission line.
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Understand the features of line censtant & impedance matching.

8.1
8.2

8.3

84
8.5
8.6
8.7
8.8
8.9
8.10

tate the meaning of the termis primary and secondary line constants.
Express the deduction of secondary line constant such as alpha, beta, gamma and Zo in terms
of primary line constants.

Express the deduction of the condition of minimum attenuation, minimum distortion and §

distortionless condition of transmission line.

Describe continuous loading and lumped loading.

List the use of continuous loading and lumped loading.
Describe the construction of loading coils.

"Mention the use of loading coils.

Explain the input impedance of transmission line.
Explain the impedance matching, single stub, double stub and quarter wave transformer.
Mention the characteristics of the high frequency transmission line.

Understand the features of antenna.

State the physical idea of radiation of electromagnetic energy from antenna. .

Define point source, power gain directivity, aperture, effective area, radiation pattern, beam
angle, radiation angle, beam and radiation distance related to antenna. S

9.1
9.2

Understand the construction & operation of antenna.

10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9

Describe the construction of dipole, folded dipole, yagi, marconi and whip antenna.
Describe the operation of dipole, folded dipole, yagi, marconi and whip antenna. »
Describe the radiation pattern of dipole, folded dipole, yagi, marconi and whip antenna.
Describe the construction of V, rombic, parastic and turnstill antenna.

Describe the operation of V, rombic, parastic and turnstill antenna.

Explain the construction of end-fire and broad-side array.

Explain the operation of end-fire and broad-side array.

Describe the design of dish antenna.

Mention the coupling and impedance matching procedure of antenna.

10.10 Explain the construction of the log periodic antenna.

Understand the propagation of radio waves.

11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8

Mention the nature of electromagnetic waves.

Mention the characteristics including polarization of electromagnetxc waves.

Mention the modes of radio wave propagation.

Mention the classification of radio wave on the basis of frequency, distance and application.
Mention the characteristics of ground, space and sky wave propagation.

Explain the summerfield equation and effect of terran for ground wave propagation.

State the effect of environment in propagation of waves. !
Describe the field strength and range of propagation in terms of anténna height for space
wive propagatlon

Understand the effect of earth curvature & ionosphere on wave propagation.

12.1
122
12.3
12.4
12.5
12.6
12.7
12.8
12.9

Mention the effect of earth curvature and atmosphere on space wave propagation.
Explain the duct propagation, multi-hop propagation and trophoscatter propagatlon
Explain the term ionosphere.

Identify the layers of ionosphere. .

List the basic properties of different layers of the ionosphere.

Explain the reflection and refraction through ionosphere.

Describe the ionosphere variatior and effects of earths magnetic fields.

Define skip distance, skip zone and M.U.F. -

Explain the fading and noise in sky wave propagation.
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Practical :

L1 Select the required components, conriecting board, meter and necessary materials.
L2 Build up a diagram of Symmetrical T network. )

L3 Setthe Components on the board as per diagram,

{ 1.4 Check the connections. {
) L5 Find the characteristic impedance,

{

}

{ :

¥1.  Measure the characteristic impedance of a Symmetrical T network.
{

3

1.6 Compare the observed result with theoretical value,

2, Measure the image impedance of a given asymmetrica] T network. :
2.1 Select the required components. ' §

{ 2.2 Select the connecting board, meter and materials.

N ) 2.3 Select a circujt diagram. ' - ]

2.4 Setthe components on the board according to the circuit diagram.

2.5  Check the connections,

2.6 Record the characteristic impedance, )

24 Compare the observed result with theoretical valye. 1

{
)
¥3.  Measure the attenuation of symmetrical T t);pe attenuator,
, 3.1 Select the attenuator circuijt,
N 3.2 Select the components, meters, board and materials,

)

{

)

3.3 Connect the Components of the board ag per diagram,
3.4 Check the connections,
3.5 Record the required data, . i
3.6 Calculate the attenuation, : i

(4. Determine the impedance characteristics of prototype lowpass filter. '
) 4.1  SelectaTorqn lowpass filter circuit. ]
4.2 Select the component board, tools and materials.

{ 4.3 Connect the components according to the diagram, (
» 4.4 Record the impedance for varioug frequency. ) )
{ 4.5 Draw the feactance frequency curye from the data.

X

4.6 Show the pass band and attenuation band.
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,( 5.1 Select the required circuit.
) 52 Select the components, board, meter and materials. i

{ 5.3 Connect the circuit components as per diagram.
N 54 Energize the circujt.

5.5  Record the required data for varjoug frequencies,
{ 5.6 Calculate the attenuations by collected data.
)
{
)

5.7 Draw the attenuation frequency curve from the data. }
5.8 Observe the graph. ’

J6  Determine the impedance characteristics of a highpass filter.,
6.1  Selecta high filter circuit.
{ 6.2 Select the components, board, meter and materials,
) 6.3 Connect the components and energize the circuit,
1 6.4 Record the impedance for various frequencies,
)

6.5 Draw the reactance frequency curve,
6.6  Show the Pass band and attenuation band.
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Determme the attenuation charactenstlcs of a hlgh pass ﬂltel’
7.1 Select the required circuit.

7.2 Select the components, board, meter and materials.

7.3 Connect the components as per diagram.

7.4  Collect the required data for various frequencies.

7.5 Calculate the attenuations by collected data.

7.6 Plot the graph.

Measure the velocity of propagation through a parallel wire transmission line.
8.1  Select a parallel wire transmission line.
8.2 Select the required equipment and tools. -
8.3 Use a proper reactance meter to measure the inductance and capacitance per mile.
8.4  Use the formula V=_1 _ to measure the inductance and capacitance per loss less line.
_‘/'[f .
8.5 Add the correction factor due to loss.

Measure the attenuation constant, phase constant and propagation constant of transmission line.
9.1  Select a transmission line.
9.2 Select the required equipment, tools and materials.
9.3  Find the line constants using proper tools.
9.4  Calculate the attenuation and phase constant from the data.
9.5 Calculate the propagation constant from alpha and beta.

Measure the characteristic impedance of a transmission line.
10.1 Select a transmission line.

'10.2  Select the required equipment, tools and materials.
10.3 Connect the meter to measure required line constant.
10.4 Calculate the characteristic impedance from line constants.

Design and verify the impedance matching of transmission with a quarter wave transformer.
11.1 Select a transmission line with given R; and Zo.
11.2  Select required equipment and tools for verification.
11.3 Design the quarter wave transformer using formula R, = \/RZZO.
11.4 Connect the quarter wave transformer between load and transmission line.
11.5 Observe the matching with the energy transmission.

Determine the radiation pattern of dipole antenna.
12.1 Select a source (test antenna), receiver, indicator, power supply, mounting frame.
122 Select the required equipment and tools.
12.3 Connect the radiotor dipole with the power supply and receiver to the indicator.
12.4 Place the source and radiotor in the flexible mounting frame.
12.5 Energize the system.
12.6 Rotate the receiver at constant radius around the source.
12.7 Record the power received by the indicator.
12.8 Plot the output versus angular location curve.
12.9 Find the radiation pattern.

Construct of an yagi antenna.
13.1 Select the folded dipole, director and reflector of the antenna.
'13.2  Select the required equipment, tools and materials.
13.3 Build up the antenna element with proper design data.
13.4 Connect the antenna with transmission line to the TV receiver.
13.5 Observe the receiver output.
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(The Features of Four Terminal Network)

3.0 ¥fii@t (Introduction) 3

@ T HGAF @7 T ¢ BRI eifiten AIE St I TR | @3B AT A (e
fewmizs s oy uff Y23 ewgeyf | Srnfienet aa ufaliers @Bens smew gRe e TR | 9 [T
RS AT IFrers, Wicalbe rem, Trwe oo, Qoom F0IS, SO
FABIIG, (FC PN FTRCH LA (T FECE | ; - _ %

3.5 (OSHITER 7eeat (Definition of network) 8

IR TGN GT, TSPILRA (¥ (P AR TSN ALANS (R0 6T AW SfSfe a1 717 ¢

T ——]
R L c
®
|4
o 2 5.5 Blhiaa BemE

SR (%) SRTE ToAMH, () ~0ifre o, () Bfm aw -l BimE, ()
LB qIR ARG AWM G AW (Definition the terms (a) Active element (b)
Passive element (c) linear and non-linear element (d) Unilateral and Bilateral elements) 8

IFHS AT (Active element) § @3B Bowiw TR BRI PETIEE 9 B w1 TRy Fretne
Q7R (TS Yl FACS TFY T OIF SIS BoAWI 391 27 | S S T— Gifiizy feia,
g %3 Fopf | surefbe SeAmimete Prmpe SRR SREl e @7 S AR R |
SIS BAMT =H T @ (G T T T AL |

IS BAMT (Passive element) § FfFBI @R BAWIN Broricea Sesiwa At I TS A A SIS
TS BAMIN 31 | (I @fePS, INBDe, ToiBe, «=.f.wm, f5.f.w, ARPBa Zorifir »7ife ot |

ffRwE g TH-Fifa WS (Linear-and Non-linear element) $ T TAmI 8 I 9FT o W
e GREPSI, TSI WA FARGIR 93 AW, IACS ATIFE FANIF WA TSN FACH AR
A fRTET | T @ @ Tt el et 3 = v

fofeme o @3 cOItE 8 IS @3 Wy FfNER T e @R, T o o == 1 B s
oM 27 @6, Fofie, ST St |

IF'N

Linear /

curve

Non-linear
curve
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TEC TR (WBSTIF 1S =7 | T AIHG SR (FBGAE P 2 |
z, .z, oz Z Z Z
M M—— W0
Z2 Z 7y
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RTT 4T DT fE - 89

© ek |

o

R

9|

81

YIS IR - TG TR oeaE T 4 |
US| .3, SR G2 |
7Z-TrifE A afs 3 we |

Y-spRifBrRenR e - 3 e |
PRSI s) 2.3 ST GBS |

72 iR i el 2t ) [arefT-2050 (91fR)]
93!, Four 't‘erminal network -3 H-parameter ST I we | - [qreifzat-200Y]
93l, H-parameter ST = Rl ' - [areiftat-2004]

w3, FRRE HRRER ;A I _ : [arifal-205e (7))




T, n,L 3 Ot AP LIBISTEH

, L and Half Section Network)

msmTamanWWi@mmeﬁm

 Ifrerie T (Derive the characteristics impedance in terms of lumped impedance of

symmetrical T and 7 section networks) 8

0.3, Feafeem™ T @56 (Symmetrical T network) 3

3

Breafier T cen aabl 37 wwga GBeRR, T RRT (v TS T | .5 7 B Pl T
mwmmmla«mmmaﬁﬁﬁwiﬁvmzmw\wm IR T (WG Fifaw 2o
zlmmma«*ﬁ%ﬁzm\wwl

X,/2 Xo/2

2

o 5 0.5 Breenel T ed

Q O OGN TS ST (Z,) 295 @lts Afwiet 331 77, 747 WEHo{S 217w 7, ZFFey
AL I | ”

4f3,

Z, = (15 i Eferers,

Z, = (1B =15 g,

Zy = oI e,

Zin = 370 g,

Zoy = T-CTE*N (FOGAIF FEBIRABS Zfoors; o7 |

(0.5) T f5u@ 3755 aite et sifimet e,

Z
. Z, Zz(—1+20)
37{".[33'%’7‘?11*!, Zn=% + T e (0.3)
Z2+—+Zo .

e e, 7, = 7,
Z, 22-(%+ zo) Z, (zz+%—’+ zo)+ 27, (%ﬂo)

.'.Zo=—2' + 7 .= ]
ZZ+7‘+Z0 2(zz+%+zo)

Z2
Z,Z, +7‘+ 2,20+ 2,7, + 2257,
T, Zo= 27>+ 7, + 274

711, ZO (2224' Z] + 220) 22122 + 5 Z + ZIZO + 22()22




T, m, L '8 W¢ (R (Roea 8¢

B
A, 2ZeZo+ 2170 + 22°= 22,7, +-2‘— + 2 Zo + 2202,

a, 27 —— +2zz2

aT Z() _— +lez

- o=\ /Z—+ 2.2, S
/z,’ o T |
S Zo’r: —4_ + Z]Zz ................................ (\9.{)

oS TRNFAADR T- G (OGAET TS ZFer | o %

©.5.2 Pl 1 GoenE (Symmetrical T network) 8

e n @PeTPS aaﬁnawﬁmﬁem meWT@noimmm
BeTE @A TER | @ W@@Wﬁﬁﬁiﬁﬂwﬂz,wwmam a3 Sen «ed 2z, e
SITTTETIC IS A | A ATRAACE (5 T Z, ez T |

fom 5 ©.3 B n (oead
& @R DSHITE 395 s FEoImGE Efonm Afmna = =, w%ﬁmasmﬁﬁﬂ%
Bfren™ Zo T TR FA T
«fa, Z, = (U5 e Ef=iep,
Z, = B s Ifen,
Z, = FNERBIFRFIGE e,
Zin = 290 EfienH,
Zoy, = TR (ROGATE IO SForeg |
0.3 W fom ZeG &ite e Sfnel w9 T,

222,
2Z, (Zl + gt

2Z,+Z; +

3RS TR, Z, = 7z

: 27, +7Z,
.27, (22,7, + ZyZ, + 2267,

(2Z, + Zy)

4Zz + 2707, + 2ZiZy + ZoZs + 2757,
(2Z,+Zy)

AZ,Z. + 270707, + AZ6Zy

Zn=Tzd 372y 4 2225+ 2020 "+ (O

42,27 + 22572, + 422" g
_4ZQZ+4Z()ZZ+221Z’2+2021 ............... (0. )




!

8y o (ROSTIHA, D11, ST Jreths anzsm
A, 4267, + 4227, + 2202;22 +Zy'Z, = 42,2,° + 2267,7, + 4Z7,*
A, 424’2, + 242, = 47,7, - A
A, Zo* (Z; + 4Zy) = 42,7,7

47,7,*
aT,ZOZ'—' Z] 2

TAIS AN2IBR 7 (e Bz i B IRS 2fre | A

OR T IR 1 G FOSHIER G '@ 5 NI Ifererie Ay (Derive open and short
circuit impedance for T and 7t section network) 3

O.R.S T G (OSTER @roie 8 5 ARG Sz (Open and short circuit impedance
for T section) 8 ' '

Tmmmem;mﬁ%wwmmwm,wmﬁcwmﬁﬁm
frert =ifit vt 77 1 @t @t 0.0 (as)wammmmnwﬁm%iﬁvwmwﬁmm
mwm,wwmﬁm%wﬁﬁmwwﬁmwwn'amﬁae.\s(wzﬁm

(TG AR |
' 1 ; AN AR
[ Z2 & 7,2 | ‘
L - Z) grpﬁ:]it Zs Z
2 2
> -84 3
) )
5@ 3 0.0 T Gz, (3) ST IFB, (4) =5 MG Zfewregrs
Qﬁ’ .
Z, = (5 e 3fsrermay,
Z, = (1B =5 ey,

Zoc= ST RIS Sfrogpy,
Zsc = *I5 fEB Zforege |




0.0 (3) e foar zre “tent T,
T RS e,

Y4
=’2—1 +Zz .................

0.9 (X) 7 foa zre “hem am,
=5 5 3ferer,

Z
7,3

Z
M, ZocZsc = Z,Z, + Tl

- o Arw 3 0 Aent A,

[2]
VZoc Zse = Tl +ZZ, .....

T, 7, L '8 ¢ (T=Is (B qiE

ZE gl

0.3 TR TR IR I 0.9 T TS FAwzwet oreit 7w,

e [ aenfFora)

A ZOT= \l Zoc ZSC ..............

........................ (©.5)

@WW@TWW@WWWWI

©.2.3 T TP CTHSTTET 6T '@ =5 AEB ZForegim (Open a

for 7 section network) 8

m G (OSATE Grof A eyt <orts, 1 HeAET WIHoS
Afnge e @ 0.8 (3) W
TR | I G ARG Iforerm e 1 THenra wEses
T 1.8 (V) W or@ 1 G (WBSIET =T 7fF5 Svienm

faet 1S T TR
1 Z, 3 1 3
e 3
Zy
?_§_C 27
2 1
@) . ®

foms o;s T BSTE (F) ST AIT @ae (X) =5 5 Zorery

89

nd short circuit impedance

TF I G g 990 o
o n cm heER St R ZRowrE AR o Gl
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7, = Fifaw Eften,

Z, = (1B 2ptEner Sferen,

Zoc= SN G i,

Zsc = 6 FfF6 Zfen |
0.8 (¥) = foqr zT© e T,
e AR e,

_ 222 (Z] + 222)
Zoc=37,+ 7, + 22,

22,7,+4Z) : -
Zl + 422

2Z,(Z, + 27,) ‘
Zoc= Z1 +422 ................................ (\9.50)

©.8 (¥) T fout TS “newt 7,
5 S Efererm,

g 2L

SC= 27, + 7,

g 22T
SC = Zl + 22{2 .....................................

(9.50) 8 (©.5) FNTAA TS ANeT I,

22,2, +2Z) 227,
Zoc-Zsc="7: 47, *(Zi+2Z)

Z,y 2
2z} 4%

= 47, =7
AR A

AYX
ZOCZSC:Z,2
%tz

7,7,
A, \Zoc Zse = ZZ
; 4 Yz,

- ZZ'ZZ PP (0.5%)
.44_*_2120

(9.5%) @ (9.¢) e AT ZLS At T,

Z
\Zoc Zsc = Zon : { ‘ =_ﬁ'—‘}

s Log= '\IZOC Zsc -..... e e ( \9.)\9)
BARIE AT 1 G (B GATHR IRFBIREGS Zfwren R 7 |




b LebRllo bleiliollt Q100 lebidude] eplitbghd

T,m, L6 9 (o oeu | 8d

0.9 T GR 1t G FOGRER ﬁ“ﬂ'ﬂ"‘ﬁ oS AT (Derive propagation constant for

T and 7 section network) 8

©.9.5. T P FoSHE (T-section network). 3

WTW@E@WQWW%@W Tﬁﬁeﬁmmwﬁ‘tmﬁﬁmmz
TSR WYY AL T ZH, IR TSR IR Z, = Z, 43R =T 218 iR 3 6 4 AN 7 ey A
T T | @A A I 0.¢ W Br@ i T TR | (@7 AT D 3R LD AT FES AT [,

G I A *H1e [N W |
,fz s L2

T' | (ls'*lk)‘ -f
Eg lz “ 4 J_

[
» 5 ¢ ©.¢ PG T FHCTE AP FBIS
QMR FBIFG (y) [, GR [y 43 TS 7Rt fefa a1 70

(9.58)
©.¢ 7 form 5,3, 4,6, swmwmmmﬂmm\mm

-h@HZQ+&m—m=o
?T,—IR(%+ Zo) + 157, - 12, =0

aT, IsZz=IR(A+Zo+Zz)

5 7z, Z . Z
'R 2,72, 77

Is Z %
4, =1+222 *Z

z, 1. [z
.e _1+221z 'Z_ Tl+lez
[o.aw\ﬂﬁwqmzoaamaﬁwnl

Z, 7z Z,
Y — — =
qA e _1+22 + 47422+Zz

=

AN AN | |
.-1+222+ (2 Ky e (0.5¢)

©.5¢ TR FANFIR T ATF ANfams &zel e “Avew I,
log.eY = logel:l +355 2Zz ( Z)z Zl]
Ly= logel:l +'27+'\ /(Z Zz] ....... PN [©.50)

%WW@TW@%@W&WWWW|



¢ ADGHEA, DI, SIS Gl a1z ; ,
9,9.% 7T FTFT (OSHE (T - section network) 8 : .

T GRS (NBSAF @ITMR S oIS R &, ¥t Pl o (Bend Rt s Tw, @
FHRTOIATE e 7,1 @ @R DGR B €S, E, (owvw R @35 o, I Sromd
wAwwwma«W@mwmeaﬁawW®|awa@mw

0.4 T fora e a1 goR |
k1 Lo kg
| ~ T
" Es 22, 22, Eg Zo

v ] 7

2 4
foa 3 0.6 Srafiera 1 FHetE Qetivrim FoTS
RN T, 95 AN (STE G IS WG E, 8 1, a«wﬁﬁﬁmrﬁ%amﬁmﬂ?ﬂmmem
e s A,

I

E
Y = =
el = _iER' = —iIR ..................... e (90.59)

©.Y 7 fomt Zre et T,

0.5 3 0.5 e TR TR TR “heTt T,
_ 2247, E; 2707, E, 2707,
RT22,+2Z - Zi+ 27,7, = (2Zy+Zo) 27,75 + ZoZ,; + 2252, ~ 221Zz + 272, + 227, ° Es
Y27, + Zy 27+ Zy) ‘
. _}__:,_5_ _ 22122 + Z()Zl + 22022
“ET 2 '
o _E 221212+Zozl+ 22022

TodrR e —Ei‘ 277, .
Y Zl

aT e =] +55- 2Z2 Z() ................................ (O.QO)

. E

\sewwﬁasaqmzo,,—\/gz—%_z’l—— Woaow\ﬂwmm@m
4 +Zl22 .

3 _
’ A /Z_l
Zl Z1 4 +ZIZZ
. _1+— ———— e ———

2, 22, ~l*tag T
Z
T] +2,Z,
Z
=1+5>- Zz 4—222 Ty  ttrrerereeeeeeieeiiin (0.d)

(.25 FFIR BT T log, fTa stheat 11w,
) z.. [Z2E .z
Loge” = logc[l +32,* Z7* 7, ]

. y:loge[1+2z_zlz+ ZZ; 4 ] ..... e (0.23)
Boare TRl 1 mmmaw,m%ﬁmmj



T, m, L6 S GrT GO - e
v.8 Prlem T 8 n GRS W O RES (Identify the symmetrical T and 7
section into half network) 8
aﬁﬁmﬂTmmwémﬁwmmmmwwmﬁwmwt ’
P @Beard AparE e 7, T3 TN ot Ree T Anena e 27, 99 W

o, qwfﬁmmﬁﬁm@mﬁmﬁ@mwmmﬁammmn
) Z|/2 Z]I‘Z ,Z,fZ ]/2

@ | ®
5 3 ©.9 () Brealir™ T GHeR, (a)ﬂnwwawﬁ‘@(ﬂ)wmw v
wﬁtﬁmﬁaﬂﬁnmﬁmw-mﬁwmwﬂnmmﬁ%ﬁwwmﬂﬁw

. Z )
705 T | B 1 GIOeIE Fifw IO Z, €9k ST TN T St T AT SO T - T |
0.1 T 5@ G BB 1 R V- FoAT IR e 1 TR |

Z] ’ 21!2 Z]/Z Z,/2
o- VWA © 1& .
27y
S, 3w, .
o o 20 : (91‘)
) ' Q)]

@ s o (3) ﬁm@%ﬂﬂ T G, (2) Bifee =t et Rew e (f) w-GRm
Bt WA (AT @Bt HAfElve T @, Felee T ek n TS L~ FABT I T, T
CFTE 9FL LA WGP “NST T | ’

©.¢ TE-ET FPSTER WIS, T, $ToT aR *ﬁ‘vnf%l? W (Iteratlve, image,

open and short circuit impedance of half section network) 8

©.¢.5 3PS IFATI (Iterative impedance) 8

SRR eI ST e i TS (RPSIIER UF S T BiEe e IF I
WﬂamiﬁﬂmﬂﬁmﬂWQﬂaa\wﬂeﬂEWWWﬁ@waﬁﬂ&mmﬁww
Nmaﬂ\%mw@WﬁﬁmﬂﬁﬁﬁWWWl

X2 3 — X\
L AMA—e— — AW .3
v | 27,5 7o 20 ‘ 2Z, Zy
2e e * o4
4 2 :

) . , C®
B 5 0.5 (I) 1 6 2 ST TG @2 () 3 ' 4 AT B FoEn



L

@ ST, ReDTest, TS GrAfRrer i3t
0.5 (¥) W four zre Memrwm, -

Zi=Z’01=Zl _%1_

2 Y2247
z , ,
2 Q2+ Zo) + 22,7,
(22, + Zop)

’ Z ’ ' ’
N Zoy @2y + Z'o)) =5 QZy + o) +22,Z00;

aT, Z’Ol =

n

2.Z ' |
W, 2Z0 L+ Zo* =247, + lﬁl +22,Z o

aT, Z,oz (222"" %‘ + Z,oz) =2Z2 (%1' + 2'02)

Z '
A, 2202 + 2'2 L 4 70 =212, + 22,7,

aT’ Z’022 + Z 202 —21Z2 =0

2
20"—%1' :t;\ ’%1_+4le2
Z Z
Z’02=—T' + ﬁ+ ZiZy e (©.38)

©.¢.% e sy (Image impedance) H

vmmwﬁn@wmmmwé-wmmaﬁm%mmmmm: O A (I
am@mmmwmwwmwmﬁwﬁ%mwwmmm
T | R AR, 16 2 2T W4 ZOE FG 7, AR 3 8 4 AT Y FT® AT 7, | oK © 6 8
mawzﬂlzozif%’rwﬁmwmlezmmmmﬂwa,mimﬂmmm,mo.so )
= form evmda = zoacg ) Wik 8 2 AT N0 Zy, I A I 3 '8 4 2w IRNeqE A F
Z, =t fAGT oMaT TR, A 0.50(2) 7 Br@ et Tt 2aTE |




T, 7, L 8 OI§ (eI (\56
X2 3 X,/2

} T2 0.30 (F) 3 8 2 AT € () © G 8 &TE T ZFERTH
©.50 () W foa zre et i,

> S
Z 22,7, 2 T+ Za)+ 2270
=220 =T 0t

Z
A, Zoy (222 + Zop) =5 (22 + Zao) + 22y Zay

Z
A, 22, Zar + Zo Zor= 2 + 22 122,74,

‘ aT, Zy Zoz + 27,7401 - Zy3 (%—l + 22/2) =ZZ,...... . (\Q.QQ)
GIZSI, ©.50 () 7 b7 3o wirem T, ’

y4
22, (—j + Zm)

Zy= Z,
222 +_ +Zg;

2, Zo, (222 +5k+ Zm) =27, (% + Zm)

A, 27,70, + Z° + Z0Zoy = ZyZy + 22,74

aT ZO]ZOZ 22220] + Zoz ( ) + Z/z) 2122 ........... (QQ\‘Q)
©.3¢ TR AT TS (0.3Y)Te Ajwael Rcatst w7 seat T,

ZoZoy + 22701 ~ 2 ( + 224) ~ZZ
- ZoZey + 222701~ Zn (—2— + 222) =-ZiZ,

.42220, -2 (%’- + 22,2) =0

N azZe=27a(Be2z)

A, 4726 =Z\Zp+ 42,2y
a, 42, Zy1 = Zy (Z) + 4Zy)
. E _ Zl + 422 .
Ty T Ay trtrreeeeeeececeiii (9.29)

(9.3¢) TR @R (©.20) 7 AT @t I ~iNe7 T,
Z

ZoZar + 22700 ~ Zan (—21 + 222) =ZiZ,

ZoZoy - 225701+ 202( + 222) =72,

AN, 220 2o, = 22,7,
aT, 24)] Zoz = lexz .................................. (\ﬁib‘)



@8 DG, TFBR, SIS JrEfims widas
(©.33) T G (0.3v) T TN @ IR e T,

Zo Z,+47Z

Z; X201202=;4Z2_2 XZ\Z,
Z,+ 47,
—_—=x

aT;ZOI2= 4

Z,
72
A, Zo, =_4l‘ +7Z\Z,

[2] L
CZa =[G HDLy (9.29)

(©.3y) M ITRFAC , (0.35) 7 TP T IR “Mext 13,
. Z,Z, )

sy =_Z—— e (©.90)
Tz ‘
-

(9.35) TR 3R (9.90) T ANPLIG AE-CTFIT (THGAE 0@ TIe™ e 3 | (0.35) T ANTREAS
(9.2) 7R FAFCAG A QT I T AR (T, Zoy 97 T Zop @7 I 4R (9.90) T FAFEATS (0.8) 7
I A QA FR T A/, Zo, O T Z, 47 T, CRIA A B Fifdwr oo 7, @k

CIB *fyrreTr 3fen= Z, | ‘ ' )

- 90,¢.9 WW‘WWW (Open and short ciruit impedance) 3 o
B! WE-CTFT (PG 1T &I TG G G =T AR =gy wofa e ZFer ~fmis 3@ @
fep ~ewt T, OF Guim MRFB @ 5 ES ZFoIer 301 | 41 T, 3 8 4 AT JAGC G G N
SAE 18 2 TS e wAfqwe T TG Zoe | qR Zsc, NS I | @ 40T A I 0,53 (F) 9
() T foum e a1 200" | AR 18 2 &Y I ST 3R ¥ G 2 8 4 AS AT AN I
TAEF Zoc,, AR Zsc, ST AW | @ G0 AN JIZ 0.5 (F) @k (V) 7 ora ey w2t 2wz |
, Z,2

1 ‘ 3 . Z,2 3
Zoc] %222 Zscl 27,
bl 4 2 4
® @
5@ 8 0.3 (3) QT A, (V) =5 7B 3wy
Zn 1z
1o AN peeg 3

2

o 8 ©.53 () ovot 1S, (%) =15 75 ZPvtamry

9.5 (F) 7 fora shremt T,

z \
Zoc, =7‘ F 27 (0.93)
©.55 (}) 7 form #irewt 717,

Z . .
ZSCI = -2—1 ................................... DRI (\9.\9Q)

(9.93) GR (0.9%) T ANFIY & IR ANeT I,

Z(Z Z*
Zoclzsc1="2'l‘(71+zzg) =Tl +Z,Z,



T, 7, L € S¥ (3 (Ro6hF ee

(©.R) TR T TS Zyy 97 T 0K sfeat T,

‘\’ZOCI Zscl =ZOT U (0.08)

@IS, 0,52 (4) 7 B zre wnenr 1,

Zoc,=2Z, ...l el (0.090)
©.53(%) W foqr zTe “itea 71,
y4 ‘
22,5
ZSC2= = ZIZZ ..... “ ve e e e (\9.\9%)

ZZ
ZZZ+2 2+2Zz

(2.9¢) @R (0.90Y) T FNFATGH &4 IR AeT T,
M, Zoc, Zsc, =22, ZIZIZ2 - =7 122 .
2 t2Z, 3 22 S -

Z
2227
A, Zoc, Zsc, = =2
2 2 Z] Zl 21
2 7+ 2Z, 2t Z\Z,

Z
4, ZOCZZSC2= Zﬁ‘l'z—‘ /-
1 .
T'{' lez
=%‘——- e e (9.99)
Tl+zlzz

(9.6) R IR TS | [Zo, . Zoc,= Zon &9 W1 BT ANGR T17,...(0..0%)

(9.98) qR (0.0) R TP Fr® Bl ASAA T A, WE-GRF*F GHGATE @97 @2 5 ARG

Efoier zrs 3t e fadfn =t Tt .

0.b JETHE TR WF-JEAAC L G 0'93E (Balanced and unbalanced L section network) $

QWLWW’Wé-memmﬂ,mmemﬁmwm
(DGR TN TIF© 77 | 9 (T BSTFT 5! 51 A1g Z, W3R GBI *FB AT 7, TR NI T T | L
TR (TG 40T XX 4T | 72 38 ' _

3| IS L RN (FoeE (Balanced L section network) ,

R HH-JIEAFC L GTe=is @BenFE (Un-balanced L-section network) |

0.5 () R fom@ @3Bt grPTE L oo (BemiE qx .50 () W B 9@ SRGERTS L o

BeFE e Tt TR | : _

Z./2

Z,2 .
(3) TEE () AFRTAG
: : fot 3 v.50 L Gre=w e
TS JIEME qR AN L CRe (OGTE A1 93 4107w, 0 A1 @B 1, TPTS (oenid
e Eem z, @ T Tert e GINF TR LTS G SIS fieea AMers e 1 2w, T
.50 (F) R form (AT AR | T XF, @ @OE (AR FEBRADE IFeEp eeifis zm A @3 o



() woenEnR, oM, TS G g .
0.9 L 39 Cﬂ‘a‘ﬁm Vi 3 raer IEx™ (Iterative and rmage impedance of

L section network) 8

©.9.3 L (T3 (woenieda BiRve w (Iterative impedance of L section network) 8

Wﬁ-WﬂWﬂWWﬁMLWWWWﬁ@WWIWW, 182
SIS SBIIDS ZRATI Z7p, ST 3 6 4 AT W 2, IS IR 1 8 2 AT Bicalbe e Afmst =

=W, T 0.38(F) @ ora A T AR | WA €A T, 3 8 4 A WIS e 27, | SR, 148 2 AN

zoziﬁﬂmma\mmae4mﬁmﬁ%iﬁﬂmﬂﬁmﬂww T .58 (ﬂ)a\%merﬂawm|

Z, 3
o— -
Z ,
0# Z2 Z 0
2e .
4
= )

‘ 5 3 .58 (F) € (V) L TR Penia Wieafbs goremm

©.38 () T foar zre e T,
2,7y
Za+Zoy
Zy(Zy+Z'o) +ZyZ
Za+Zy

A, Z0Ze+Zo0) =21 (Zy+Z'oy) + ZoZ'n
A, ZZo + Zot* = LiZo+ ZZ oy + ZZ oy
A, Z o’ -ZZ o0~ Z1Zy=0

: 7z, x + 4Z,Z
A, Zy = = 212 7AYS)

z, . [ZE '
=-§" + '44+ Ay /S - (9.95)

©.38 (%) 72 foar =T “rew T,

Zio= Z(Z+ Z’O,z)

Zo+Z,+Z
A, Zy, (Zi+Zy+ Z0) =2 (Z1+Zy)
W, ZZ o+ Lo+ Z o' =ZiZo+ ZZ
A, 20 + ZZop —Z1Zy =0 -

31, Zoy= Zx 5121 + 47,7,

2

Z'01 = 21 +

m, Z,Ol =

Z Z
31 Z’oz =-— 21 + Tl + 2122 ...................... (\5.80)

(©.95) @R (©.80) T ITAFIARACS Afewa Frea =Aext 2,

[2] zZ ' ,
Zu=\[F+ZZ+3 ... e (12.83)

S Zo =N\ /—4‘—+zlz2 R T L ILTIT PR RO ppey (©.8%)

(©.8%) €3 (0.8%) 7 TN L G (RoGAIF Wicave if*"mﬂ ﬁw'fm T WE-GRR
GNWWWWWI



T, 7, L @ W (R o6 eq

9.4.]3 L GFFF ienTER 2w e (Image impedance of L-section network) 8
w-mmmmﬁMmemWﬁ@wmx @ T, L G
DCTIE ZTE SFRIGIHEH TG Zo, TR Zy, | O, FDGHIET 3 8 4 &ITS Z, TN ATI I 182
AT 2T 3T AR T Zo, ANGH T, T 0.5 () 7 B evda Tt ZER | WA, 118 2 AN Z
Wg@m3e4mmiﬁmﬂwﬁmwmmmm,mo.sa (}) = o e o1 TR |

-~

)] Q)]
fo@ 3 ©.5¢ (F) GR(Y) L G ieard Trwe e
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(Resonance Circuit)

8.5 ue™ AfIB @7 A (Definitions of resonance circuit) 3
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onF | o AT F=Nffe zn Rt MFSa ~nawm wida fifte a0 | caeoTeT “iet Brpcafn 3R e (X, - Xo)
R oS A, AR SR TR IACS U | @ SREW AIDH TerBS 2 “ewia w7 W |

8.8.% *URII GRSYIR &1F B (Graphical representation of parallel resonance)
e foma seeibiTeT Bom Rrgnfim AR e et x|

ffmss.¢
Brgrfim w1 % A S Torfs ATeEEm @t g NS AETEtIeR SR T A |
TR gl 1 3 (o1Te AT o4 R ATEEBITR TN FACS A |3 FBBE AR T
AGTS AMF OR @I FFERTS @EBNS FABHR T 47 77 1 @ WA AED SRR T
_ mew.mmmmmwwmmwmmw
ﬁ?ﬁ@ﬂl




. T ARG g a¢e
8.¢ T% AT 1B, o-f%ﬁm% R BT, Wiett @R e i5-sr Rrgrat
«% YNt (Explain half power point, 3-dB point resonance frequency, upper and lower -

cut off frequency) 8

TYF AR ATES (Half power point) 3 FFH @om Fsa @@ I
s e, ﬁ\smvnwmwzwmamm oNF T ANSTR
TS T | L

aﬁaﬁmewﬁzﬁamwﬁaﬂmwﬁaﬁw{m L
e FEEth FETs W TS T o, crem ewtes () || 2
JITATHI T I, |

I

|
!
[
L B,
WWW(AGZ{B){@aamﬁ » - I i
‘ : . | |
Q2 FEIH “MST, Py = R [ | !

: . s —
AQR{BW'W,PL_—.PZ_(h)R_-I%R A ;
Py \IE : fass.y

L Pi=Pp=7 K
- T Sen
wie, T ANGTR ATCD AT = ———5———

oA B (3-dB Point) wm NG AR 3dB TG | Wi AT AD CSITBE (3T 70.7%
(3 (BT (dB) 21 T4 TH, ©IF ST 3dB TS 30 |

20log;g A':" =20log;p 0.707 = ~3dB
mid

e B (Resonance frequency) 8 @36 Fiffw af% 7fES Feraf-93 @ W & Inductive
reactance \ﬂ?l AN capacitive reactance G WIF TN ¥, C’TQ @‘?’Cﬂﬁ@ QT Wﬁ (Resonant frequency)

1
A | 93 T, fy = ———
*"an4fLC

1
Iq o ——
W m,fr znVL_C
2T 3 ETETH SE, X, = Xc
A, 2nfl= ’

1
2nf,C
A, (2nfl) x (2nf,C) =1
A, nf’LC=1
E i

fz———7—1
" T @en’LC

1
f°=21r\/_

amL@ﬁmamcmwwamﬁcaﬁmmwww mﬁwﬁ}m, ='2"1\?%_C

IR qRR W 6 &% BFE (Upper and lower cut off frequency) $
«f Fifae 1fFG7 ie TZew e cres Tog B IES R T Rk @ T ARG 3Peen R
| SR R G R IS TReR AR TG TN AEH R IS TR W G S
R P R @ @ 7fo Frgwfive Fifte MRASA v FEB @UEIUE FEEET 142 O TH SR AR
AFBA CF0n FATTH QTSI TR 142 1 T, SIS THIERE T, R Sl 0 o Bt




Y | eI, PSR W1 Gt g
8.y, 7¥B TSR W Wi G TR WVW g e TNt (Derive the

equation of upper and lower cut off frequency in terms of circuit parameter) 8

6 2 8.9 cotars e et w1 oy fran |
avﬁmcﬁﬁwmﬁfﬁm@mﬁamﬁaﬁsmdhmaﬁmm f, O f, 97 TGS
@R Frgrfice M¥E 2D wdw S| §, R f, TR e FFal, ;S IES TS FECoT B
70.7% 1 f; Brgratine (wdie fm wiref) ORI F wF Ty g 1, Bywhns (©® *ef) SR F% we

rzrf 2o _

L 1

W,Aamaﬁwm,x_ﬁ-ﬁ.
: \

QHQN-WWZUW,I-VRZ_F@L_U =

LV v ‘
V2 RTAR%+ (0L - L/aCy
A, 2R =R*+ (WL - VoC)?  [Cew s of 3
A, R = (L ~ 1/Q@C)? oo )
~“R=0L - l/oC = X; - Xc
| wvﬁgmﬁrsmmﬁ%ﬁmﬁm@ﬁﬁnmmmu
(i) TR FREFITE A 7 AT,
R R 1
@=tr+\ar+ic
R”> 1
TR, I <<Ic
PR S U
R AN 7S |
. R » 1
M o=trr+ @R, ©,=—F=
oL [ @ \/LC]
ARY, 0o 97 T It 4 Reaoat wqrzw | -
R .
SoO=0y 5T
@330 ,
- R ‘ R
sefer = = —_—
: M+ 57 31,f,-f0+4nL
4R 1y = - ‘ qxAf = fo —4_R1l;f




cEIm A - ‘ Qq
8.9 Q-W¥T ¥ TNt (Explain Q-factor) | ,
Q-#1¥% 3 FfW Resonance 9T 1WA L AN C @7 WGNGTS BN i) ATAIFS Voltage (V) 47

BI3TS qQae 'Qﬁ 17 | Resonance 49 FIATA 3}‘ Voltage f@a€atE Series Resonancé ckt 99 Q-Factor 11 Q-9¥
o g Quality ¥R Quality factor T |

8.y Q-TINT «w s ‘ﬂi\m (The equation of Q-factor) $

Q-factor = LS C:‘;& e {caten Sy
=Y %
LXip R, i P, I, = %1

LR
=§1{&=m¢ (o=, ¢ = ~Hea T8 SyTere]
_ oL Energy stored 2mnfL
~ R 7 Energyloss ~ R
A A
- R 7P R TamfLe
da
"R \C
A,
2nlfy fo £ f
—_===0 __0 0 __J0_
Q-factor = R R ~By-h-f
2nL
8.5 FAYIFFS AR (Solved Problems) 3

BARZY-5 | ¥ R-L-C PR Ckt ¢ R = 1000 Q, L = 100 mH, C = 10pF ; Supply voltage 100 volt ZF |
fa ¥ 8 (i) £, (if) Q-factor (iii) Half power point.

1 1 |
Eealel (i) f = ——— = » _
GEED o« 2m[LC 2n\100x 10" x 10X 101

= 159.155 kHz (®%7)
(ii) Q—factor=% »\/% =1 0100 11(())0:1:)91_2 - 100 (%)
(ili) Half power point : , =g ‘74'11:—1. |
= 159155 - :gg‘z( =
= 158.35 kHz
f; =fo+ Z%L—
= 159155 + 71 0b= 107

= 159.9 kHz



v oeTIE, REB1Re1 wis Jrfir wiidamt
BAIEAE-2 | G R-L-C Series Ckt @ R = 1000 Q, L =100 mH, C = 10pF, Supply Voltage 100 volt T
38 3 15, Qo 93 Angular half power point. ‘

[ f
R=1000Q L=100mH C=10pE

i
| FVM mr—i|
| &

AC Signal .

fom s 8.
1

1
i f = 4 ————
Dh=2IC ~ 2nyI00x 107X 10X 0"
= 159.154 Hz (8&T)

.. 1 [L 1 100 % 10
(i) Q0=§ \/% =71000 10x10°2 = 100 (EW)

Half power point

1

vu), =) (l _Z—Qo) = 2nf, (l -'ﬁ;) =21 % 159.154 (l 3 100)
o =994.99 rad/ sec (T ) '

w =mo(l+5(12—0) .

) ) 1
w, =21tf0(1 +5'Q—0)

0 =2nX 159.154(1 +

1
2x 100) :
= 1004.99 rad/sec (B&)
Band width

= -0y
= 1004.99 — 994.994

= 10 rad/sec (¥%%) :
Takeae-0 | @l Capacitor, Resistor (R) = 10Q, L = 5.52 mH 93 AN Paralle] 93 7@ WX | Supply
voltage 100V, 50Hz, TT Capacitor 93 Tq IS T3 | :

XL, =2nf
=2nx 50 % 5.52 x 107
=1.73Q (%&%)
ZP=R*+ X%
= (10)% + (1.73)
=103Q
wIwa e,
L
2_=
Z=¢
5.52x 107
C=""103

C=53.59 uF (8%R)
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CEnt) o5 e fES |
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mmmwﬁh%emmwwmwwr

&)

9.5 e RS mﬁwﬁaﬁ’wnwftmm
G o=

Q factor ¥? [AreifRTat-000]
%WWLWCQ?WWWWWW
mqqﬁim:mﬁmmmﬂwmﬁﬁammacmmn

3.dB “TrS 2 . [aretfeTRt-2058(51f3))
CERE) Trrwfh crrm s (@ s @3 i A 13w 70.7% W1 @ 10%%3581*11%@ 20
@eItE 3dB ATHS A |

Resonance frequency 3103 IN? [RifTRt-R05 ¢ (51f3)]
@ Fprhts MG e Aifde o i ResonanceAfrequency W

I*I'IWWI

Y
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qem Fr

CERL:) Fier @3 Tein e @3 ity aamﬂﬁ@aﬁm%ch(ﬁﬁw/"maﬁm) @
SRR I G, (SO ZATFCR AN W SAewt TF TORIT 73, HFDT @ G @S 0 |
mmmmmr -
AJ/C series ckt 9@ TIH Inductwe reactance (X;) @R Capacitive reactance (Xc) FNIN TH, OIH
wﬁ@a&mﬁﬁwa@mw:www&ﬁﬁmﬂﬁ%wn

aﬁ mmwmm |
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RETIEA, B WS mwﬁr'm nRT

PRI (IR TSI QT e
CRUSIITVTR ETITwa 3
S @f%e COfafSerra B MRHESD, < | G u‘l«mﬁ@iﬁﬁﬁ?ﬂﬁtﬁ
Series resonance circuit (559 oty Ay
3 | Maximum Current 23if® T3 |

R | Voltage @R Current ¥ (FT& SR inphase-« 1A |

9 | Circuit impedance minimum %31

8 | Circuit 97 total reactance *[7 T3 |

¢ | Power factor unity (% | .
Parallel resonance circuit (5519 ity &

3 | Minimum current 2RI%S 73 | . -

R | Circuit'impedance maximum T3 |

9 | Circuit 93 net susceptance %7 W

8 | Voltage W3R Current in phase 9 94R7T |
¢ | Power factor 9F<F (Unity) R | ‘

IS TRuw Py

fff@ Resonance 9@ Band width T Frequency #fAf¥ at Range T B9F Ckt-9 JINAT FA®
JIATH AN LA 70.7% 93 B1RTS & 23 |

Wmﬁrj

9|

81

¢l

Y

e crersom RS 3t =9
w,ﬁﬁwmmﬁﬁ-wwml [Aifital-2058]

EZERER) o 5.0

mmm@ﬁm&ﬁwu

R gk RGeS ax st e 3 =

Eatlehiaied ©) SR 8.8.5 WK 8.8.3 RABY |

o T ca, it e R, £, =——

Www 8.¢.> WA |
ORI TR AR 15 o R gt 7 |
WW 8.¢.3 AT |

Q-F3% Fr @ Tt TN 37 |

wi{zsaw 8.9 G 8.5 T HBI |
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<<—WWM&M‘W

SIBACNBAH 942 RreBra

(Attenuators and Filter)

¢.0 $ft (Introduction) 8 3

A I STIBIRGT e Rl i scetioat w1 2o | e e RS 2w g 9 o
m@mﬁamwwmmﬁmwﬁmmawuﬁﬁammmmﬁﬁm
SISIe o 221 Tl 1 R R GO e, e Sem W ot 7, conE RS T o
(TOSTIE SeRreay frgeat St am o 20w /s | -

@.5 SUIGYABT Gk RA¥BITAR 7ee! (Definition of attenuator and filter) 8 -

SGCADR 9T I TR (TDEIIE, IE (@D R (FIIER T4 TR 1 TN Syfoss Broteer wacs
4B NI grt 3w Srwe! Wiy | 295 AR ATCHB (ANDT M SRS TCaR TG SIGEDT e
T, B (SN, IIED N MGTRTE 401 FfHE T g1 I AT | G WGFREGEA IS W AFE
faetdre | SyrfemR @ Fep Preiiem s e w0, CRI SISTEse 3995 Prmier s gm
T | T SRAFAEE (1RTE WEEAF Breyer e 27948 Brstyieera WA TR RIS T W qwR 95!
SUTGTROCR SRETA (Attenuation) (F ZH=B Froreger a3 stSe{s Brompreem TS TR e | 2|
TG (CPTT (Decibel) €38 (AR (Neper) G0 &M 371 3 |

g

FB! BT HRTS SH-da < eoNT DU | @B Bt a1 ST AT 2T A |

'a@m&amﬁaﬁ%mwmnﬁawﬁmm@w)mwﬁﬁ@wm
WWW@W@@WWWW@«&M@%WWW«WW|W
mwﬁz@aﬂmmmmﬁmﬁwamm(design)wwl
m@ﬁﬁmﬁmﬁﬁﬂawmmwmwma«mwmﬁwm
A6 JfSTAE TR I FATS T8, Ot 81 (Filter) 01 | 01 G351 RvB1caa TuoiTs QT AT TS (Pass
band)mmmmﬁﬂmmwf%wwﬁﬁﬂtﬁmmmn GFTOIR, GF0! FBIRT TITTF G5!

SOIGTET UG (Attenuation band) AMF @R q TS THofrer SIEGSCE I FACS AR 1 (7 Brgprath o |

JISTF G TS TS W SYIBIRT PSS AT TS T T IR, SE FIB-9F FIEH (Cut-off
. frequency) I |

&R IR a3 ifSrs fEee (Active and Passive filter) $

wﬁs%ﬂmﬁﬁsﬁﬁmmﬁwmmﬁvﬁwﬁwlawmmm
muwﬁs@mﬁmmmﬂ%ﬁaWﬁWWm&ﬂnﬁsﬁwwm,W@m
ammﬁﬁrmw%ﬁr%m'mamﬁ@aNﬁmmWﬁﬁmmww:mwm
rgrhns vE e 3@ | . '

‘WW:WW@WW%WWZG@MWWEWmmR.L.C.MQ
R DR @7 e 0 w1 e Rt e amibi @3 SR R | q FBER wEETe
AT T | O Rrpraidie e wie I A | . '






S e RUE L o
it i,

P, =1"Ro= V"R
@ P= ["Ro = V2" /Ro

TG ST uavnw FIR GB(E SHIBFE,

. 1
- P (h)i
=1In (\/;2 ) =1n\p,

1. (P . .
=5 In (-}-,ﬂ ........................................... (¢.9)

TR (€.¢), (€.b) aR (€.9) R R A QTS AT (SITBE, AT AR AR wavnw
ST e 9 |

I R, (AR TG W (Relatlon between Neper & decibel) 8 -

Sl i, (@ §-cets (BSAMEA CFLE

(SPRIRE qS ST = 20log G/,-D dB

G (AR GFCE STIBE™IS = In G,—D‘Np
w1, (2 A
ln Y Np = 2010g1() vV dB

20l0g10 (v,)
el

I
n\V.
8.686 x I, ( ) ‘ <
= \. o ln(Xl =2.303lo (Y-‘
= (v ) Iy, =0ty
h\¥y

- INp=8.686dB

A, INp=

1
aR 1dB =—8—.6_8-6Np=0.115 Np



v8 OSAER, RFEBret SIS Freme srigy
¢.8 W@m Co\STTER Ftraet 2afeiey (General characteristics of attenuating network) 8
aﬁmmaﬁamﬁmﬁwﬁ%hﬁﬁmﬁﬁwml

>1 9Bt GBI B IS (eI |

oy wmmmm@%&rwmmﬁ%u

© | «bt sl 3 s Son T 7w

81 B! @ 1 ARRSTAN GG rem emm =TS A |

€| OB SRR G5! AW TR 3G W e I |

b1 OB SR A M Ze SN e 3R |

Q1 OB SR AT e B 2rer e 3 |

b | 9Bt W TS SyRBrE awi e |

- ¢.¢ e a witcfem T,L @R 1 Cﬂ?ﬁ‘ﬂﬁf (Symmetncal asymmetrical, T, L

and sectlon network) 8

- e.¢.> Pl T SISTEsY (Symmetrical T attenuator) 8

QWWTWWWWWW(PM)WWWWNI a5 Bife
WWWEW’TMWE@%WW@? B! (TG T Mg AT | SEIR I e:mast%ﬁﬁw
TR DI R, @32 *I1 1gd GRGIH Ry, T ¢.3(F) T fora awly w1 grg |

&WWWWW@WWW AR GBNF @ JIR N T, R
WW@@WWWWWW\WNWﬁQ R I SHIGABAE Eg
Wﬂ?\Rﬁﬁﬁﬁnﬁﬁﬁfﬂmm’fmﬂWIﬁ S @51 B ¥, FEBIAGF 2w s R
@ R A | WO4T, Zg =Ry =R

1 Ry Ry 3

—W

qu

4

: (w)(ﬂ) :
ﬁfﬂ.ei(@)ﬁt@@ﬁTWﬁmﬁa(ﬂ)ﬂﬁ%W
q mmﬁmmmwwﬁ@w\mﬂwm U T FIRET AW “AteR T, T ¢.3 (3) "
foua emia T2 TR | A345Awwﬁzﬁwmﬁwawmﬂmmwm
Iz (RA+R)—(IS—IR)RB‘=O
4, IRRA+IRR—ISRB+IRRB=O
W, I Ra+Rp+R)~ Ry = 0
A, IR =1y Rao+Rg+R)

L _RA+RB+R
Ik T R




BT @ o ' ve

.2 (}) T fou <e “neat T,
Rp (Ra+R) [ Ry Ry + Rg]
Es=IRa+ s TRy +R) - S[RATR, v Ry +R

.E =R RB(RA'FR! . -
“Ts ~TATRA+Rp+R

AT, WBABR Z, = R, = R-4 IS I, FRY
Es Rp (Rs+R)
Zo=T =Z=R=Ra*}, R, +R
Ry Ra+R)
T, R=RA+], TR +R

CR.+ Ra+R)
=Xa (RA+RB+R)/RB

Ra+R Ra+Rp+R
A, R=Rp+ A;I- [:“'N=—A—R-;5—‘]

ZT, R.N‘—,'RA.N+RA+R
aT, R‘N—R=RA.N+RA
A, RIN-1) = Ry (N+1)

(IN-1) ,
FRAS(NGD) (R e (@.5)

R,+Rg+R
oA, N = =4 B

oIS TR R, @7 W I “AveT T,

(NN+1)+RB+R

Rs

N-1
N+l) R+Rg+R

N-1
N+1) R+R

N-1 N-1 + N+1
?TRB(N—I) R[N+l+1] R[ N+l ]

4, Ry (N—l) 2R (Nljl)

RB—ZR( Nl) ..... T (¢.30)
(¢.5) 932 (¢.50) TR FNFIVIR N aa\wmmw 3 mmnwwnﬁawﬁmﬁﬁw a3
%aﬁwﬁﬁ%ﬁmﬁﬁﬁml
g, N=IR =e”
AN o, (FHI1R A (SFTIE QFTE SFIHS |
- o= 20 logio (Is/Tp) = In (Is/g)
- N = Anti log (2—%) T o (BB G,
=antiln o AT ¢, (AR QFCF I FA W |

v - (2

Ny (]



¢.¢.% Pl n S REBa (Symmetrical 7 attenuator) 8

Bl 1 SBTRETE o6l FiRe @fersa ase g5 Tm =% @ferta W/ 1o I AW | @ S,
e cfeesn R, aamr%@ﬁﬁmkanmmﬁmkaﬁﬁﬁmﬁﬁﬁawmmmw
et RRER e Twa AT 1 20, 9Bt =8 @, IR0 3T R @3 T T3 1 ¢.0 (F) |
for i SUIBCEBT ¥R €. (¥) T o M6 FIEs i T R |

1 R 3 k', R 1
o—— W L3 W
. R .
éRB %RB ES gRB H%
X

=

gR

B Jmmere [T] o] U2

O O
2 4
®® »
5@ 3 ¢.0 (3) PafaE 1 @oer, (¥) 7S ITH
¢.0 (¥) 7 fom zre e 7T, ‘
I E, )
1= Rs R
RA+RB+R
RgR
‘Q?RER:I"RNR
RBR ES ~ RBR (RB+R) .
= X = X XES
(Rg+R) R RgR (Rg+R) "Ra (Rg +R) +RgR
A*Rs +R) A
RgR
“RR; + R,R+RpR <8
 Es _RARB+RAR+RBR
“Er ~ RpgR
Tt i, ST N = £
. _RARB+RAR+RBR L,
s~ N= RGR e e (2.5)
(TG, SHBTCAGAD Zy=Ro=R IGHTH IS I,
RgR
Rs (RA+ £ )
. E R+ R
w,zi,,:zo:R:Is =(R, - RBR_)
.A+ 'B+RB+R
RBR)
R~ RB(RA+RB+R
" - ’ RBR
RA+RB+RB+R
RB (RARB+RAR+RB R)

(Rg +R)
A, R=R Ry + RrR+RsR + Ry (R + R)
(Rg +R)




RB (RARB + RA R+ RB R)

A, R=F R, + RaR + RyR + Rp (Rp + R)
(R Ra + RAR + RgR)
B RgR

AR =

RARB + RAR + RBR + RB (RB + R)

RgR
(RARB + RAR + RBR)
B RgR

A, R=

RARB + RAR + RBR RB (RB + R)

RgR RgR
a g —ReN
)
R
R, N RRN

?R= & = 8

RN +Rp+R RN + Rg +R

R
RgN . .

T 1=RN+Rs +R .

0, RN + Rg + R=RpN
M, RRN-Rp =RN +R
ql, Rg (N-1) =R (N+1)

N+1
- Ry=R D

_ RARp + RAR RgR
o7, N = A .

Rp-9% W= (T “fred T,
' +1 N+1
RAR (1:1_—) + RAR + Rz (m)
= N+1
2
R ( —1)
e (N+ l) [NH ] 2 (N+ l)
aT,RN( =RR |7+ | +R T

. N+1+N 2 +1 2 +l),
?T,RAR[ N-1 :l RNNI) =R N-1

A, RA[ Nl] (N“) (N-1) =R (N+1)

(N+1) (N-1) (Nz—l)
A, L Ra=RTH =R(N
NZ-1 ‘
','RA=R 2N) .............................................

BCRB 4 R

(NIL) 77 orre e e

9

TR (€.5) R (€.59) A R PG 7 SHIBTEEER TR 5 @k Bifke 3R o 3 |



b oeTER, i wis Grfips =ik
¢.¢.o SGifafeme T SHIBEGR (Asymmetrical T attenuator) 8

T GI! IGIEsT 7 W eew WA e w@, oww 1 R Re 1o 3
P T WRBIEDY R A QTS A | TR SORBE .
I/l SIS AR 1 A 70 \[Py/Py W1 T 31 R, ARG Py @k P R Re R
WG (@TF IR ART ST “MGAR | ¢.8 R e SyPcaaer T - .
2
SURGIEDR (! TR | T Ay i Frards o a1 2wz | eesm,rm

W@mﬁmﬁﬁammﬁﬁmmm ﬁ?\RZWWWWI

"R, =R Rg Rc+Ry) _ALRB+Rc+R2)+RB(Rc+Rz)
1= RA* Ry +Rc+R,; = (Rp + Rc+ R;)

A, R (Re+Rc+Ry) = Ra(Rs +Rc+Ry) + R (Re +Ry)
?T R]RB+R|Rc+RlR2—RARB+RARC R2RA+RBRc+R2RB.............;....(Q.bs)

W R2_Rc+mﬁi&l

RA+RB+R|

_RcRy+Rp +R)) + Ry Ry +Ry)
- (Ra+Rp+R))

A, R; (Ra+Rg+R)) =Rc (Ry + Ry + R;) +Rg Ry + Ry)
A, RRs + R;Rp + RRy = R,Re + RBRC+RARB +RRg+RRe....oooeennii ., (@¢.5¢)
(2.38) @R (¢.5¢) TR THFIT G ITH *ftaw T, . :
Ry RA+Rg (R; +Ry) +R; Re + 2RR; =2 (RRp + RBRC +RARQ) + Ry (R; +Ry) + RRc + RzRA
A, 2RRy = 2 (RaRp + RgRe + R4Re)

“RiRy=RARB+RBRC+RARC. ..o (€.5Y)
(€.58) R W TS (¢.5¢) ﬂ\aﬁwqﬁmﬂm a7 T,
Ri (Rs +Rc) =Ry (Ra + Rp) =R, (R, + Rg) - R, (Rp + Rc)
A, R; (Ra +Rp) =R, (Rg + Re)
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20%= RG-0’LC) + Rt tiLy) (G + 0°Ch

RG-0’LY) + R>+ o'LY(G + 0’C)

o (v.53)
(v.50) e TRzt T (v ®) et Rt a0 vmamm
28 =(Rp+ ,L) (G + , - (RG - »’LC) ,
“B= \/5 [W®R+ L) (GT+ ') — (RG = oLO] ... ©.5)

(v.53) R SRR T SOBTR F0IS R (v.5%) TR TR NI ey OIS Fefer w1 3 |

-



=2 467 @R RIET Wifse 23R v ¥89q
b FIRI TR TUH BT, TS B o et o7 =16 (Minimum
attenuation, minimum distortion and dlstortlonless condition of transmission line) 8
CTFSIR AZT FTONCHT WA (b.R), (b.53) GR (.5%) TR IFRNFCE T ffe s T e

. TRARRIGTATS 7T T NG I @, Zo, o0 GR P 97 T FF@im T szl | Bty A 7= ¥e

ATIRGReETS AR T BTN TR (o) IR @F@ TR (B) ARKET A G 9R @S
f%ﬂiarfaqﬁwrmnzoiﬁviwwﬁammmammmﬁmmmﬂﬁfﬁ\ﬁﬁmm\mmmw
I AR |
qIA TER FW T @, mﬁmﬁﬁ@waﬁmﬁmﬁﬁa%ﬂaﬁ—ﬂmmwmﬁs
WWWWWWWWWWMWWWM\W‘%
TSN AR AW G fEH TEFHARR Tt T, ©f SACAivA T @R |
(b.5) 7 AN TS BT FTONT (o) MeFIW1

«\/2{\](112+m2L2)(Gz+m202) + (RG—mzLC) | (v.59)
ﬁmmwwmm. 930 L i a3, WCafa«ﬂ‘q'zWﬂaﬁ?c wﬁm
I, WLmlwmﬁwwLm\c & AT T 7_I |

aﬁuamﬁaw%uﬂ«cwmww O (b. m)?{aﬂﬁasamwmﬁmm%mmm %
(r.59) T RPN L7 FCATE Sr@ sl ol T8 QR TEAFINR T 77 €31 2 |
TSR (b.59) Fe AMFANTEH L QI ANATE SS9 FTI 16T I,

% = (;LL\/%{\[ R +0°LA)(G*+0°C?) + (RG-0’LC) }

1 {1 20°L(G? + @*CY 2
1 2 R )

\/%{\l R+ LY G+ C) + RG-'LC)}

: .(17.)8A) ,

da .
T = 0 I “eat T,

1 {1 20°L(G? + 0’CY) 5 } |
3 -wCp -
1 7'\/ (Ri+cozL§)(G2 + u)ZCZ)
2 N '
\'/ %{\/(R_2+m2L2)(G‘+m2C2) + (RG-0’LC))
0’ L(G*+0’C?
" R*+@'LH (G + 0'CP)
q ——OLGHC) T .
*NRHOLHG + 0’ CH
LG +a’Ch
xl(Rz WL)(G+ ') |
A, LG+ 0*CY) = R 0L G )

" RHDL) G Ro+ oL
A L=C Gt 0D =C\ /g1

=0

-’ C=0




s8b . OSTRE, REBIRRT 1S Bt a1z
- Tewers 3 I shem T,

R+ L2
2_ 2
L'=C (Gz + m’Ci)

M, L? (G*+0’CY = C* R%+w’L?)

A, L’G’+m5L2c2= R’C40*L*C?

A, L’G*=R*C? ‘ "
A, (LG)* = RCY

S~ LG=RC

(v.59) 7 TRFAC L- 97 T BT sfewt 7,

B 22 -
a:‘\/%{'\/ (R2+m7'&G-(z:—) (G2+m2C2)} +(RG—m2% C)

PV PV Iy » 2 2 ~2\\ )
=\/ %{ \/(R G T R c’)( G c2)+(( RG = RC 2) |
. 1 RZ 2 2~2: 2 2c2 R G2 2 ~2
= 3 az(G+mC)(G+m )+a( —-0'CY)
- \/ %{%G’ + CN (Gl—mzci)}

1
= \/ 5 {% (G +a’C*+ G* - m2C2)}

= -;— g-(zG’) =\RG

| v.:emﬁﬁwﬁwwmﬁﬁrtm,wh% 7|

| Wﬂﬁc@ﬂﬁaﬁ%amL@wwmw(mw)mﬁwwmﬁ,m
AR, T (1r.30) 7 STAFAND C-07 FATF S 91 28 O3 TSP T 7 431 TH |
TOTR (. 30) T FAPINE C-9F FCATH TEITt FC AT 71,

:—% = d_dc’\/ %{\/ R*+0L)(GH+0'CH + (RG-0LC) }

1 {1 200G + LY ZL}
1 2N RHLYG + oCH

= 2 g . ”
\/ %{\/(R2+m2L2)(G2+m2C7) + (RG-w’LC)}




, 2N FI aR e ﬂnﬁs\hf*l%?
%m@ﬁwd—“=ozﬁmmmm, "

1 [ _ @dCR’+e’l) T

1 22 RHOLYG + o

5{\/ R+@LHG+0'CY) + (RG—cozLC))

' 22, 27 2
a, WCR+0’LY) —@L=0
\/ (R2+m2L2)(G! + u)zCi)

R+wL :
2 2
?lT,mC'\.’—T-ﬂG T 'C =L .
R%+’L®
C\/ e =L .

A, C\R+ w2 =L[GP+ 0'C?)
Bonsirw af I3 “itew 71,

C R4+'LY= L2 (GH+a'CY

A, R’CH+L*CY (LZGZ+(1)L2C2)
T, R*C* = L*G? '
4, (RO)?= (LG)?

3, RC=LG

LG : ’
SCETR e e (r.5v)

=0

(v.59) T ARFAC C- @ 17 ICH “newt T,
§ 2 2
a_'\[ -{\/ R+ (osz)(G2 + 0 L—r)+(RG—(n LLTG )}
2 2 2 2r 2
a a_\f\/(R sz R’“G oGL (RG—I(:LG)}
=\/ 5{ iz(R2+ (nsz)(Rz+m2L2)+-§(R2—cozL2)} :

=\/ LR G G 2C2)}

= \/ -;— {g R? +@?L2 + R - sz?)} :

o 1 G
| =\z ® @&
Q=GR oeti e e (3B)

(r.58) waﬁwqewwnﬁmﬂmﬁﬁﬁﬁ#m T
=T’8ﬂ '
(b.3%) e ATFAY (ATE (TG FF6IG ST T,

B= \/% [W®RE + o)) (G* + " CH~RG-0’LC)]

8%



s¢o | - BRI, Rt oS SR w1z
‘@W@W‘TL:BQ P e T,

B \/—\/ R'+ o —z--z)(G2 + @’CY (RG o’ EC)
_ \/{\/ R'G? : mZch’) G+ o _( RG? - mZRC’)]
= '\/ %[ %; (G+wW'CY) (GP+wC?) —% (G*-w'C?) ]

- \/—;[B(GZ raiC) -2 (G’~- WCY ] )
%’ =\/— G (G + "C’- G + 0'C?)

- B= w\/_[L-——].

Rl Eife, e @, u,,—————— | (r.20)

TSR (v.R0) W AN TS er@lzmﬂm @, ‘ﬂﬁL:%f-’@, S O G (F (@ 4B FI ARG W
@R 7 Frgrafie woifiafEs e | qBiR gron fabamtag 6 |
(%) TR AT ZCS FETBIRFATS e sthemt T/,

B R +joL
Zo= G+joC

E‘WWL=B§ ¥fBw et T,
R+ju)R—GC
Zo = \| G+jac

RG+ joRC
G

G+joC
R G (G+jwC)
(G+jC) '
zo«\/_ \/‘ ................................... (w\;)

(.23) 7 T 205 Bt e 2, 1 L = B 2, o B e Bt 2o

O &9 RYT G Brgrafin g gre s @ | e @ IS AT BN AR Teaqest fewbm

& TS AT LA I I | @ T A1 Roobaiey T& =1 7077 |



IR T R BFrer wWifee e / 3¢
v.8 FFBRATHRT cniftr G2 e C‘ﬂﬁ{ (Continuous loading and lumped loading) 8

mwwﬁ%@wﬁm)aa°%wm(0izﬁﬁfmnmi‘-{wwﬁnwm)m\
e Freom (1) 43R I T AT | A B TS =S 6T & MHR TG 712 ISHEF R
FHfae Toge TTe TSRO TF I T | & IIZEAAE IR AW WiSR FAt 73|

mmmww%wwmmmwﬁﬁwwaﬂmww
T T, ST iR I | G AR T AT 1 q g

s | FfHTTH e (Continuous loading),

| TS (Emife] (Lumped loading) |

v.8.) ﬁﬁ@m ifer (Continuous loadmg) 8

« Wmmﬂmﬁmﬁmmm@ﬁmmmwwwm m‘§
AR AT B (tape) I RIS RS AR | G JALAA b.> 7R fBoar e Tt TR | @ OIS
BT RICY AR SIRATY AT ATS! (Permeability) I A < A e+ TorBrone I

'mlawﬁﬁwﬁﬁzm|wﬂqﬁﬂﬂﬁwﬁquwﬁ@wmx

e ToIoy™ = ﬁm mH.................... (r.x0)

t= S (BT g
n= (5% BRI A |
aﬂwﬁw&%ﬁmﬁﬁmﬁﬁz@ammmm%mﬁmq@wwmﬁaawwwm@ﬂml

Q G AR Y 7, Beotz feomcsafim (Hysteresis) #1074 RIEEICE ca@ﬁmqﬁ: A, I AfFcs
TR *F @R 2w

ﬁﬁ@mmvmmmmmmmlwmwmwmm
ﬁﬁ%mcanmwmqtha mmmﬁma«mmﬁmmmﬁsﬂ@mmo&dm@mn

| 1.8.3 W™I® (iR (Lumped loading) 3 » ;o

meWﬁﬁmmmmmmmmWWﬁmm OE AG
cnfer e |

L R L. R L R

-|-C : G -]-C G -|-C
' foar's nmaﬁz
T Ffers e Iwem 70w, yag aR ITIFEA NG AL FIN (Uniform) 2T, Wwﬁﬁfﬁ

WWWWWWWWWWﬁWﬁWN%W

G




SR ) - Coenr, R Wi Gt wnges
I-oF T () T R G £, WWW@IW-MWW@?WWW
e it @R A @1 <A1 ReBresiest e 3| |

I ARG S BoBIE Wz AR mﬁ\mﬂmmaa ch,mﬁmaW
wqmﬁtmﬁ-w@maﬁﬁcﬁwmn

Fo-ww FFrhif, = _n\/m ...................... (v.28)

%mwmmmw&@wmwma«ww%ﬂwmwﬁwﬁw
mnawmwﬁﬁ@mmﬁ@wwwmﬁﬁawwmmml

v.8.9 @ifer 7 m (Effects of loading) 8

B M2 CTfr-47 T GRS TS Sorw RS e ot |

S| FESIREAS Irerm 3 7o it «3e Row @fife < | |

| ST FBIS (o) M AN G TR Bl uem w0y TR CHTa T AT |

o1 T RS FTBID I (I AT | T (T G A G PR BB RO W0 9 T AT |

b.¢ IFRTI e G A C"l‘lf%t 9@ JRA (Uses of continuous loadmg and
lumped loading) 8

b.¢.> FfBRTAPT @ifte Q? PIRRIA (Uses of continuous loading) 8
fBRETR feecs fRafes o ey o 20 8

S | SRR FIRC CFem,

R | SRS FFRCEI (A |

¥.€.3 A™E (¥MifER @7 JIRM (Uses of lumped loading) 8
NG (AGLE (T (FIT 4T GRS FIHA AR (e A2 91 20 AT |

b (ISR FTRER 16w (Construction of loading coil) 8

. m@omaﬁﬁﬁa«mwmwﬂhmm@ﬁma%ﬂaﬁmawwwm
@AF— EOBI 4T T, (IR 7 I, B AT T 71, MFEDT W0 IO (Interference) &fSTaIY
T G WS IAPRI TG I |

RS BIRIRCHA (Toroidal) SIFEA T8 @R AR (Permalloy) 3t FRRTE- sitfer (Molybdenum
Permalloy) ¥9IR #TS TR 15 a1 T | FEER @ «mﬂmw@ww'mmm Qﬁi(Eddy)W
T AR T T G ~ARenfife ey g R

m%ﬁaﬁaw@f‘mqmcwmmwuwwamﬁ—@mm%ﬁ%mm
mwemawmqmwmlW-W(Crosstalk)ﬁf%mmwaﬁmwmq

W@WQRWWWW&QWWI
LOADING




AR FT G 1ot Wifoe Ly 3¢9
b.q (TSR FTHCT AJ3RIA (Use of loading coil) 3 |
CTMTR FTHT AIRIER CFO IR OS] oI IS T | NI (ML, ITHT FCAR T 212 WS
ST A T (AT oT% JNTS W | AREE TSI @2 C~i SRR WG QT MR W ol
T | O &) #1IRe B vRTg coife 0am et as 2 | (e IR R GNASIE GO TS T
TMIRCH TSIFBITHA AT IR TSRO T & | (I SIOS (@ 4R 1 2 |
SR Fces fFafRe crua I3gR T2t T A 8
> | CRAare =g,
R 1 BRI g, _
0 | (Af%s ¢ GRS vz G =dw, _
8 | FNGMRT STt Grfufbe mde, -
e | IeRETeS Grfiem iR,
& | TR F7I | .

b b Jrfie Ml 390 ¥rrem (Input 1mpedance of transmission line) 8

.8 W fBTam §g ot xre oftem T,
oIt B4 (drop)

E-(E+dE)=(R.dx)I+ (joL. dx) ]I

A, —dE=IR +joL)d ' T T
R+jalydx E 14 8E

i1+ 01

\ &

?n,—% e (R 5 P (rxe) l
I-(I+dI) =E (G. dx) + E (joC. dx) s v.8
A, ~dI=E (G + juC) dx

A, - % SEGHJOC) oot (r._Y)
(v. .zb)mﬁ’cwtw X 93 ANATHF TSAPAA I e TN,

—dzI
e =G +J“’C) dx

(r._¢) 7 A2 TS (—i;.«sa = B A3,

2
%Iz = (G +jwC) (R + joL)F-
@S, P = (G +joC) R + joL)
2 .
g S (v.29)

(v.29) T FTRFAL AT I AT T,

I= a,e\lﬁ + b.e\l:ﬁ

' W,-\[l; =Y ‘
wl=ae™ b L e (rv)

0R— kbidlls bl Bl Lekigudy] ‘Lpllingl)



se8 | oo, feorn ot B e
FRAREIRE (Hyperbolic) T IR IR “ANSH W,

e'™ = coshyx + sinhyx

qR e~ "* = coshyx - sinhyx

(b Q) e AT WG,

I =a (coshyx + sinhyx ) + b (coshyx — sinhyx)
=(a+b) coshyx + (é —b) sinhyx

@I, a+b=AdRa-b=B

al= Abcoshyx + B sinhyx e (r.35)
(rr.QY) TR AT w QP F1 T, .
Ez—metee &

(G +juC) "dx

1 d .
=—m .E;(Acoshyx+B sinhyx)

1
T(G+jol)

=____Y__
(G + juC)

. ¥ (A sinhyx + B coshyx)

(A smhyx +B coshyx)

R+ jol)(G +j
_ N téﬁlj)i)c;”’c) ( A sinhyx + B coshyx)

="\ ’a'lac— (A smhyx +B coshyx)

=-Zo (Asinhyx +coshyx) ............ ereeeaen (br.90)
A @ B &7 W o S x = 0 RS F91 AW | 79 x = 0, O COIVE E, 4R IFTL, |
< I;=Acoshy (0) + B sinhy (0)= A
4R E, =~ Zo [A sinhy (0) + B coshy(0)] = - ZoB

" E
.n__Es
~B=-73

TERM (r.25) 9 (b.90) ﬁ: FARNFACE T W,

I = I5 coshyx ——Zﬁ' sinhyx ... (CASH))

*Q?R E =-Zg[ Issinhyx — % coshyx]

= E, coshyx — Zol, sinhyx e (r.o)
(r.05) O (v.9%) TR FANFAVE AR AT TALCH PTG CSBTER izt ANt o=t 363 |
P e R 1€ Sl ZHp 2Fereren i w1 a1 o b iy =16 SRR 2eS Wt
faefa afémat oranT zzacz | |




aﬁﬂma«i‘fﬁﬂmmﬁ:hﬁm | see
b.b.d TR W Z, G TG BIffB© (The finite line terminated in Zo) 8

wm,emﬁﬁﬁﬁmammﬁﬁmﬁEWWWﬁcﬂwmmamm
mnamEse};{ﬂ,mﬂl@ﬁtﬁwﬁ%@«ﬁﬁnﬂmﬂ;:zmmmg AreT TR | @ =S AATH
(v.95) TR (b.9%) TR FNFATGHACS (¥ T, ‘
=1 cosh*ﬂ?—%)‘sinhyf

€2 Ey = Ecoshyf — I§Zgsinhyf

Eg | . '
&qmmzoiﬁwwm,l—:ﬂomx . %
_Er ., _Escoshyl - 157, sinhy? .
~ 1, =Zo= , :

E
Iscoshyf — fo- sinhy/

Escoshyf — IsZosinhy/
IsZocoshyl — Essinhyl
Zo
Egcoshy? — IsZosinhy!
M 20=20 IsZocoshyf — Egsinhy/

A, Zo =

Egcoshy? — IsZg sinhy?
IsZocoshyf — Egsinhyl

qd 1=
U, IsZo coshyf — Essinhyf = Escoshyf — IsZqsinhye
T, IsZo cosh ¢ + IsZosinhyt = Escoshy? + Egsiny/
A, IsZo (coshyl + sinhyf) = Es (coshy/ + sinyf)
A, IsZo=Es |
Zin= f R (v.99)

wigra (3l I (@, aﬁﬁﬂmﬁmﬁﬁWWWWl

b.r.) WWWW (Open circuit finite line) 8

A I, ZWWWWWWWWlWx—ZWW‘WWl Q = SAHTF
(11 ©3) 7R AR fFEaeet ot T,
0=IS coshye—Es/Zo sinhy/

sinhyf = Iscoshy? -

, ZO ‘
Es ., coshy!
4, Is =79 Smhye e (r.08)

oAk ﬁﬁiﬁw zm_ zos‘l’—;:gz _zocomyz,



ey cm?em b1 wyte Brsifirers angeer

b.bro "ﬁfm’lﬁﬂ "TT%{ (Short circuited finite line) 8

1 T, ewﬁﬁﬁmﬁﬁmmmmﬁwwnwx—emmmmﬁww .
T | G IS Ao (voq)mmmﬁmﬁmwm

0 = Eg coshy/ ~ . Z, sinhy?

3, Escoshyf = I5. Z, sinhy¢

__S. sinhy? z . : -
=, I =Zo. coshy? ' '

o Zp = Zo tanhy¢ ... o e, (rooe)
TR 2998 IO 203 Z,anhys @3 S | '

bb.8 SR R Z, Wt BIRTADE (The finite line terminated in Zg) §
WA, ¢ 0 REBSmfR aitem are AT Zy ¥R BifeThe wat SR | TSR (b.03) @R (br.0%) 7

: E
Ig = Iscoshy? — i sinhy?

@R Eg = Escoshy? - Is. Zgsinhy

_Eg _ Escoshyf ~ IZ,, sinhye _ ., Escoshyt ~ IZsinhye
‘ IsCOSh‘YZ - % sinhy? ISZOCOSh'Y[ - Essinhyl

. Zn=7
3, Zg (IsZocoshye — Egsinhys) = Zo (Escoshy? — IsZosinhy?)
A, IsZoZgcoshyl ~ EsZy sinhyt = EsZocoshy! — 1sZ,? sinhye

4, EsZocoshyt +EgZy sinhy? = IZoZp coshyl + Iszozsinhyl

A, E, (Zocoshye + Z sinhy¢) = IsZo (Zg coshyt + Z.. sinhyf)
Es _ry Zrcoshyl +7Z, sinhy/

"I T ™02, coshyt + Zg sinhyl’

sinhy
CoshyZ [Z ‘+ Z°c — 1,’]

‘ . sinhy¢
coshy? [zo A m]

Zgr + Zotanhy?
=7, L&+ Zotanhy/

" Zo + Zg tanhy?

AR = 7, 22+ Zotanhy? (v-.00) -

=T Zo+Zgtanhy TTtictrrereeeeenn.

3t

=Zo.

WR 3?9_[3 w =7 Zp + &tanhxé

Zo+ Zgtanhye



ﬁﬁwmwiﬁw{mﬁs\ o o oseq

) W’TW (Impedance matching) 8 '
O TR TS ¥fer 3 st e sme Boge wmifte Wt 2y, WWWW
MG TR ARCE TR Aew R T A | GIeFT Jrfid R e o aikwies =%
W@N|WWTW@WWWIaﬁmﬁmewaa&wﬂzﬁeﬂ%ﬂﬁf@em—nm
c@ifiFTs MR et R stewt T, QR CSIBE Y7 @ 2w A | 7 e SRR W TR
(Insulation) mmfﬂ SR WSIE CSITHIHR FIATH AW @S GIeH (Break down) FWBS | €9 #M2w7
mﬂﬁmﬁwmﬁmmmmﬂwmammﬂ(Airgap)qmmmﬁwqﬁwmaaam-m?m
AR (G ST TR AN R TR A TR Y I IR TP = I @Oy ™
iﬂwqﬁwmwwmmmﬁwmﬁmﬁ@ﬁtmsa@mwa@wﬁmﬁﬁmﬁw%
W, O T SR FIED fNRA ARl 47 QP 70 a2 T @ifircs AR steiE ke Bee e AR o
mmwﬁmwmwﬂﬁmﬁammqﬁiwm T @R IR |

L, mWawwmﬁﬂﬁanmwwmﬁ\mmwﬁawﬁmﬁﬁmm
@R @ IRYIGET ARZR TG T RS GIGTENS YIS T | @ SORT AR TR TS A 2,
AR WITeT Ram a0 o, WWW@RWW@?WQ%WW\Nl
amﬁﬁswmmmmmwwmzwm\mﬁﬁwmmﬁmm

S | (IR @miﬁw (Quarter wave Transformer),

Q| L 08T (L-network)

© | BT (Stub) |

B AGS WIF LA T | I 8

5 | 9FF IBIT 4GS (Single stub system)

3 | fa-3512 #1&fS (Double stub system) |

b.5.) @Wﬁﬂ? S m T Wﬁ ‘U’lﬁ{ (Impedance matching with

quarter wave transformer) 3
At S,
y=o+jp
T FAGTIEFHIT #11RA FRIo! 31 7, O o0 = 0 70 | @51 @&y ot 31 W 3, iﬁmﬁm‘rﬁ%\m
T cmwwmss e AR A5 T aawmwf%wmmu
~y=jB
mumﬁﬁﬁﬁmﬁ*mvrﬁ:ﬁa COITE Q3 FIEB FAFAT TAGFW (b.0%) G372 (v ©3) TR AT &
T I |
E = E; cosh(jB){ - Is. Zg sinh (jB)¢ -
=EgcosPl —jIsZosinBl  ............ SO (rr.09)
[~ cosh(jB)¢ = cb’sBl
@R sinh (jB)/ = j sinP/]

@R I = I cosh (jB)¢ -% sinh ()¢

t'l'J

=Is.cosps - _]ZO smBE....'..........'.b....'; ...... (r.ob)



Sev ' . FBSHE, R St FrEfiem =g , ‘
aﬁﬂﬁﬁﬂwzniﬁmmm%ﬁmmwm,mmmamam%mme Ig *iteq I |
Egr =Es cosft ~j Is Zo sinf3¢

, E
@R I = Is cosPl — j Z)‘ sinB¢

ER EscosBZ —j ISZosmBZ

oo ZR
R IscosPl — _]ZO smBZ

4, Zg (Iscospl - Z sinf¢) = EscosBE j IsZosinf e

4, IsZg cospl - JEsi smBl? = EgcosP{ - j IsZ sinf¢

I, EscosPe + jEs Ezf sinBel = IZx cosBe + j IsZosinBe.
- 4, Es (cospl +j é—: sinB?) = Is (Zg cosfl + j Zo sinBe)
A, Es (Z" °°Swz";jz“ Si"M) = 1s(Zx cosBt + j Zo sinBe)
., _Bs . ZacosBl+iZsinBt
"Z"“Is "ZozocosBujZR,sinBz ECRLAMERTIIRIE (v.95)
RN G M 3 -vgdien Tm, wdie e% W, O
Be= 2“ }‘ =F=
©n ., . (%
A Zm ZRcos('z‘) +jZo sm(z) =zo-i&l =§£
T Zocos (E) + jZg si (E) 2 Zx
2 J£LR SIN 2
202 Zn | -
Y Z0=NZi ZR e (v.80)

(vso)mw?ﬁamﬁwrmm @EGR @S MIGR WEIIReDe e, T e e
e S 19 | 1 1, @I TR WA T 2, aR TS I 7, @7
W"b‘?ﬁ’]‘l«ﬂWWWWW&@?WVQW%@?WWG@EWWW@I ‘

Ouarter wave line
S

Transmission
line

f5ut ¢ b0 FRITR eTrS MReR ST Srer WSt
mewwwmewmﬁﬁmmmm.
aﬁ@wwwnaﬁﬁﬂﬁasiﬁmzow e

Zo' =\Zin Zr =\Zo. Zg




M FT R 2frore Wifte efieg s
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Experiment Date ............ccceeiirininicnns

T Goend mﬁ’lﬁ eg AR (Measure the

I characteristics impedance of a symmetrlcal T network)

Fxperiment No : 01

the Experiment)
BT (Objectives) $ PTalien= T GOGHITER WO Zf=ATrs Al F0S A |
®g (Theory) & (¥ Network 9 input 93 output 9 ‘I'C‘U AT AR Tt 7@ I FBSIRF- @R
i R @ AfRRET 7z o’ o Galiwre (e I | Symmetrical network (F fAfSq Section-
« st T TR | AAF- T section, 7t section dR L section. T section 99 Characteristics impedance Zor LT~

Zor= -Z— +7Z4Z,
TSR T (Required Apparatus) 3
(i) @7 (100 7%) | .
(150Q @3f5)
(200Q 93fB)
(ii) CRO/Digital multimeter
(iii) Connecting wires. -
ARG & (Circuit diagram) 8 ‘
Z,/2=100Q Z,2=100Q

1
| S|

Z,=150Q Z,=200Q

JITHT YR (Working Procedure) 3
— I AT 9 T 2

—-)mﬁﬁ, ZOT= \"T‘L"lezl .

— % FRFI (AT Zop e 20 200
— CRO/Multimeter ¥Rt Input impedance fwe T 74
= Zor 9 Input impedance 93 W4 Compare T3 271 |

W8T (Remarks) 8 9 *FFR LT SN Symmetrical T network 99 Characteristics impedance ofFe T
itz =i | - | %
R L] (Precaution) &

(i) STSITI Connection 7YX G I e T3 |

(if) CRO IR T 47 TJIZR WIATS TC |

(iiii) GTFTE Digital multimeter IJIRAR QA |

> | Filter #?
~ R | Impedance TS R R?

© | Symmetrical network Ll



N8 _ L (IBeTR, TR wiTe G iR
Experiment No:: 02 ' Experiment Date ............c.cocovvruunnnens ,

7 AT 8 (Name of | SRR ‘T’ (OSAER Wiﬁ’fm #Afa (Measure the image impedance

the Expériment) of a given asymmetrical T network)
Objectives 3 STFTCAGRRIT “T* (NBSTIR Trwrer Z-=etst ~Afanet F=we T |
Theory $ (8 (¥ Asymmetrical network U3 WIT WE-(TF=N (FBGAFAE YO I e+ «ied TW | @
@I 9T T AT T TE TR T94F AN AT i waca forn e aamw “inam
T | I JCTE PG T | T8 Zy IR Zo RN & 41 7 |

=1 / +Z,Z, @?\Zoz_-%——
\ 'T"'ZIZZ

ﬁm‘ﬁﬁfﬂ WFAS (Required Apparatus) $ -
(i) &5 (2009 «ﬂ#ﬁ?)

(400Q 93fB)
(i1)) CRO/Digital multimeter

(iii) Connecting wires. .

B B (Circuit diagram) 8
' é Z 5\;"'2/.\0/(1&) . g
| Zo,  2Zy2=400Q Zo2
B b
S Gt (Working Procedure) 8

— TN R A w2 :
— @A 96 Image impedance Afa* ¥4 21 | W1’ A 8 B Terminal 93 T Zo; A C 8 D terminal @ Image
impedance f&3It3 @R C '8 D Terminal €3 W4 Zg, T A @ B @ Image impedance R ==l @1 2o |

— Sifgeen SR 13-
' Z ZZ
Zor=N\| G+ 22y R Zy = —
27 .
T+lez

—  O¥F CIfGFSITa “1e3 WH IR RIS MW Coparism F1 T |
T8 (Remarks) § 92 Experiment 93 NIKTH S5 Image impedance "fﬁ;ﬂ‘l"f Bl f'\‘T‘il'C@ i3 |

Ao (Precaution) $

(i) FIRCANITIR STSICT TH1E IR TS 203 |

(if) CRO/multimeter TSI T IR FCS XA |
A >WIT QI 2P ¢

> | T Been i

R | Symmetrical network e

© | Image impedance ! 741 M T TA?



€= ekl Ll Bl Lbiget) ‘g

EIEEEE] : ' , WE
. Experiment Date ...........cccccveeeerernnnnns

(Name of | PYCaG®I™ “T° BizAt WWWW@W"H ARATATAL (Measure the attenuation

the Experiment) of symmetrical T type Attenuator)

TR (Objectives) 8 Pl ‘T Bidet WIBEBER SRETER = 3300 2 |
®g (Theory) § Attenuator 59 &% ¥ITT Network TITF Generator 43R Load 4% W04f IR I Ao

Experiment No : 03

Signal ¢ fAf#8 TR TR F! A | Input 9K Output 43 T4 Attenuator I @fF Voltage, current @R
power (& ﬁfﬁ A IO W | 93 Symmetrical T network @< iﬁ Series Resistance 932 9JfB =16
Resistance & AT | Series Resistancé R4 4R Shunt Resistance Rp, Input current I, €<% Output current Ir 4R
Load Resi‘stance R m‘

-

IJ _RA+RB+R
Ir Rp

. I
Attenuation N = f; ="

~ o=20log (II—;) dB

N = Anti logsg (2%) dB
TSR A (Required Apparatus) $
(i) Resistor — 350.Q &= e
600Q 931>
(ii) CRO/ Digital multimeter . /
(iii) Function generator ,

(iv) Connecting wires.

RIS foar (Circuit diagram) 3

Ra=350Q Ro=350Q

R = 600Q ' d
: CRO/multimeter -

0

FITHA QI (Working Procedure) 8
—> TEN A =4 A T |

= Attenuation = o.= 20 log;o G_R) dB

= Imput @ e Function Generator 43 fRfeg frequency 99 &=} foq foq Output current Record ¥4I 1 |



WY S cbow, ReS ST G e

Calculation :

SI. No. Frequency in H, Output current Iy Aftenuation 2 ()logG:) dB
1 100

2 300 :

3 500

4 700 ’

5 900

6 1000

7 2000

8 3000

9 5000 -

10 7000

11 10000
TS (Remarks) 3 9% Experiment 4« NI<TH S Symmetrical T type Attenuator 93 Attenuation “fa=is

F1 Fies A -

AeET (Precautio’p) 3 :

(i) ToFeIq A b;)pnccti;)n TR TR I e T3
(if) Input 7T 7 AITS 20 |
1 >y IS 2rgiRieT &
o1 Attenuation Jre
| Attenuator CFIITH W I Attenuation AT Tt e

/

© | Attenuator 9% STAEH F? K

ExperimentDate ............cc..cooevnnenen.
A & (Name of | @TIBIRA (N APT RFIGHA QTGN CA(M8] [FIAY (Determine the impedance

characteristics of proto type low pass filter)

T (Objectives) 8 Proto type low pass filter 99 Impedance (3f*2] faef F30e T
Y (Theory) 8 (T filter 93 NG A7 frequency FRIHR Pass I 3¢ High 1 ¥% Frequency (¥ Block I
(7T ST Low pass filter | @ filter WTT ©Y Audio range 99 frequency (F Pass IICS (VA | T section 49

' e | [z” ‘
% Characteristics impedance Zor = T‘ + 7,2,
QRIS A (Required Apparatus) 8

(i) Decade capacitance Box

(ii) Decade inductance Box
(iii) Project board

(iv) CRO/Multimeter

(v) Resistor

(vi) Required connecting wire

- (vii) Function generator.



RISEUER ‘. R4

A BF (Circnit diagram) 3 ,
L2 L2 .
+O— dIILN I "
R
Vin=5V —_—C CRO/Multimeter
_O— : "

JISF 4 (Working Procedure) 8

- w’% Fegatt o Tt @

s Function Generator 432 CRO eCa1* 31 &7 |

— " Function Generator 93 frequency change FC %‘a’ ﬁ%ﬂ frequency 99 &) 1%:{ f@ﬂ Output voltage Record
A | - -

I eff%%Recordnﬂaw ﬁ‘fnaﬁn{m :

AR ,
- (V_:‘) vs frequency curve draw F31 T |

fRIRT (Design) ¢ ‘ " .
. Cut off frequency f,=2kHz ¥
Characteristics impedance Z, = 1000 Hz

Low pass filter 9% «J
Zy
L= -Tt_fc mH
C= 1
“nfze W
Calculation :
SI. No. Frequency in H, Output voltage V, .- ¥y
- gain =g - )
1 100
2 300
3 500 i -
4 700 '
5 1000
6 2000
7 3000
8 5000 ) ‘ '
9 7000 ‘ ' . _ ’ %
10 10000 ‘ ‘

T (Remark) : «% Experiment 93 WNTGI Proto type low pass filter @9 unpedance %8y RS Tl TS <t AT |
FSES! (Precaution) $

(i) Connection SIETSIT G2 IF e -3 1
(ii) Input (TF FIHE S5V W |
L S=Im JAQIFT 2RISR ¢

S | Law pass filter SIS I051?
| Characteristics impedance ¥1t® [T v
© | Low pass filter- @ waves hape draw ¥9 1 - » -



X | G, ReBTReT ST Gt A2 |
Experiment Date ..............ccccuvvrennnn.

C'IT AT I SUIDIEMT PEIIRAF NS (Determine the

attenuation characteristics of proto type low pass filter)

B (Objectives) $ Proto type low pass filter 99 Attenuation (%87 fAcfa st xgg 1
¥ (Theory) 8 (¥ filter 93 IR A% frequency FZ(H Pass TS AR f*g T T Frequency (& Block
IR T OIS low pass filter 91 | @% Filter 9% MW Audio range 99 frequency Pass I9CS I GI2 )
T TR frequency (¥ 14! &N A | Pass band-9 Attenuation 9% S19 7 & | 5§ Attenuation band-9 Attenuation
S

Low pass filter 99 cut off frequcncy

f.= n\ll_
TS T (Required Apparatus) $
(i) Decade capacitance Box
\ (ii) Decade inductance Box
(iii) CRO/Multimeter
(iv) Function Generator
(v) Resistor
(vi) Project board
. (vii) Connecting wires.
HiFS foar (Circﬁit diagram) $
L2 L2

-+ O———TO™ T ——

Vin =5V — C CRO/Multimeter

»

_ O . . Yy
e it (Working Procedure) §
— TR et o Tz
— CRO tﬂ?{ Function Generator FREA T Ll

— Function Generator 93 frequency change ¥ f\_ﬂ ﬁ?{ frequency €% ool foq ﬁ?‘ﬂ’ Output voltage Record
AT :
- eff\@ﬁ Record 93 & Attenuation *fao 31 21 |
- = 9¥ Attenuation vs frequency curve draw ¥l & |
ez (Design) 8 »
Cut off frequency f, = 2kHz.
Characteristics impedance Z, = 10009
\ . Low bass filter 97 &




S o S

. ) Calculation :
SI. No Frequency in H .- | Output voltage V, , Attenuation %,:
1 100
2 300
3 500
4 700
5 1000
. 6 2000
7 3000
8 5000
9 7000
10 10000

TSY (Remarks) § 1% Experiment @3 JXGTT Proto type low pass filter 99 Attenuation (381 M wae
Attenuation vs frequency curve ™t YI=elt a7® 351 I |

oo (Precaution) 8

(i) Connection SIETSITT TIGIZ IATS T4 |

(ii) Input voltage 7773 5V-a f@ ace =1 .

(iii) CRO 43¢ Function Generator 9% W SlETSIt SIS IR |

L SSir TS 2PgIefer =
5 Low pass filter 99 Cut off frequency JA?

X | Proto type low pass filter FTF 012
9 | Pass band Attenuation *[/J Td (F?

Experiment No : 06 Experiment Date ...............c..ceeernn...n.
3 I A ¢ (Name of {ﬁ’n‘ﬁﬁfﬁﬁ Ierm 3 RSy R (Determine the impedance charactenstlcs
the Experiment) of a high pass filter)
\Jo T (Objectives) 8
(i) Determine Output voltage V,
VMo

(ii) Determine Attenuation = Vv,
n

"®] (Theory) 8 (X Filter (¥ High frequency (¥ Pass ICS fita ﬁ»q S Frequency (& Pass 330 fea 9t
©It high pass filter 41 | High pass filter 12 404 TCH AP, T/ (ﬂ‘) Active high pass filter 932 () Passive

high pass filter. .
QTEIT I (Required Apparatus) 8 E
* (i) Decade inductance Box (ii) Decade capacitance Box '
(iiii) Resistor 1 kQ 936 (iv) Project board
(v) Multimeter/CRO i (vi) Connecting wires.

" ¥ okt (Circuit diagram) 8

c

1 1 +

! al T
+ >

S1kQ V, CRO/Multimeter

+
~
AAAAA
Y

fo@ ¢ High pass filter



) oG, 51 Se Frfirm g
IS 41 (Working Procedure) 3 4 ‘
— @73 Cut off frequency 9R Characteristics impedance I3 Q@ 4B T-type high pass filter NI PO T |
ATEAY TFNS QT IR B4 B T circuit AL TR 900 21 |
Signal generator 9% CRO LA TS (I |
5V input 2RI IS T | '
Signal generator-99 ﬁﬁ‘a—ﬂ frequency nob select ST ﬁﬁ‘:ﬁ frequency 99 &} ﬁﬁ‘:ﬁ Output voltage fadfz
TACS I | ' )
~> &fefl ST st ofsa Retfice 2 fin TS 7

=5 Gain vs frequency curve draw 3f3 |

fei2T (Design) 8

f. = Cut off frequency = 2kHz

RN

R¢ = Characteristics impedance = 1kQ
High pass filter-99 & SR fo1Te #hif3-
f= 1
* T 4mfLC
R L= 41;‘;,0 mH : | -
1 .
C=%mtRr, WF
‘Calculation :
SI. No. Frequency Output voltage gain %0_ |
1 100 Hz
2 300 Hz
3 500 Hz
14 700 Hz
5 1 kHz
6 2 kHz
7 4 kHz
8 6 kHz
9 7 kHz
10 8 kHz
11 9 kHz
12 1 10 kHz.
oSt (Precautions) 8

(i) Connection STETNCS! (AT fNTS T3 |
(ii) CRO I9_1A I 474 Calibration T TS 73 |
(iii) High pass 932 Low pass filter 52TF ©fe 413l LTS T3 | :
™Y (Remarks) 3 @2 Experiment &< TG High pass filter 992 &9 Characteristics impedance Tt Siw e
AN |

(D >S5 NI 2Py ¢
3 | High pass filter I1C% Jte1? |
R | High pass filter 99 wave shape I |

© | High pass filter (FIT GI7© 7?



—

’ Eperiment No:07 -

Experiment Date .........ccccc.coovrrvrinnnn.,
3TN A1 3 (Name of ﬂi’nﬂ ﬁr%lm IGTEET (48 R (Determine the attenuation

the Experiment) characteristics of a highpass filter)
BUH* (Objectives) 8 ‘

(i) @33 T-type high pass filter Construction 93¢ Design TS T |
(i) ﬁﬁﬁﬁ‘ﬂﬁ 519 Attenuation characteristics N T3t 77 |
g (Theory) 8 (X filter WIE @7 T4y fca Beowivrn BrEwafdt =171 TS (70 @< Iy BrgTaBe Block

¥ (MW OIS High pass filter T[0T | 4G Input voltagé & 37 @ fog fog Frequency 93 & g o5 Output
NS T | TS Outpﬁt @3 Input I9LA I Attenuation AT FaTe 70|~

QTAENR T (Required Apparatus) 8

(i) Decade inductance Box

(ii) Resistor 1 kQ 936

(iii) Decade capacitance Box

(iv) Project board

(v) CRO/Multimeter . .
(vi) SV input voltage \

(vii) Required power supply

(viii) Connecting wires.

ARG o (Circuit diagram) 8

it J1 +
if ml T
.

R CROMultimeter

© i

f;m 8 T-type high pass filter

=
=
il
v
<
©
2/
(el
WWWA

ICEHT it (Workmg Procedure) 8
— &8 Cut off frequency 3R Characteristics impedance 37 I u‘l?ﬁ T-type high pass filter (S 71 27 |
- AT TS ARER I Boteaw foram i 7R o M == |

— CRO 93R Signal generator (3 Probe A3 MY FIe 1 79T |

—  Supply TS 5V input voltage &= 1 Fe |

— Signal generator-43 TS ﬁﬂ Fﬂ frequency aQq ved F\‘E ﬁo_:{ Output voltage record W R |

- ﬁ%ﬁ WIS Recorder-93 fA91ire —2 ﬁ‘f'ﬂ IA L

\Y
— Gain (V_:) vs§ frequency curve draw 991 T |

ﬁw (Design) 8

Cut off frequency = 2kHz

Characteristics impedance, Zg = 1kQ
R, 1

ey @R C= 4 Rg




Calculation :

SI. No. Frequency (Hz) Output voltage (Vy) . Vi
Attenuation Vo

100
300 -
500
900 :
1000 ’ -
2000 '
3000
5000
7000
10000 : - .
WSY (Remarks) 8 92 Experiment €3 S4JTN High pass filter @3 Attenuation characteristics T T A,
T @ S G A T SIS |
" ASES! (Precaution) 3
(i) Connection-"TiR ©FTeIY A6 I fATS A 1.
(ii) Input (TF AP 5V A |

51 Attenuatjon 2af#ie) <ere i @RY?
R | Attenuation 99 TR’ @4 |

—
o

9 | Attenuation (3 TH?

Experiment Date .........c...cooevenneeenen
AT SR QI AR SR (Velocity) @AM [AHFAT (Measure the

velocity of propagation through a parallel wire transmission line)

- Brwr (Objectives) 8 Parallel wire I43214 I Transmission line 97 @A ifs fefa ars 2@
Theory 8 afe qas T Transmission line @3 TG wave T A W%@‘I FIR ©OItF velocity of wave
propagation I | AT V W &I 1 =A | - |
V=fA : .
1 , A

> f
V=

.A = Wave length

f = frequency

T = Period

Inductor, Capacitor €32 Period (37F S=a1 forers iify,
T L '

T

=i>

A 0l

| Ealt —
B

» =



. TSR AV (Required Apparatus) 8
(i) Function Generator ‘

(ii) CRO

(iii) Line termination Resistor

(iv) Intermediate socket R cable

(v) Connecting wires and chords.

vﬂfﬁﬁw (Circuit diagram) 8

L L
+ O———— T — dIIN -O+
Vin=5V e ——cC
, ~-O— — —0-
FITS Y141 (Working Procedure) $§ \ : -
- — TSN AT A 1 7

—s Function Generator 932 CRO (¥ QIS AL S T# (T Function Generator (AT ’j'a'@ Input signal
CRO 99 CH1 932 Output CRO €3 CH2-CS (W4IF | ‘

- 1IMHz frequéncy ¢S Function generator (& set 31 T |

— Signal 99 Superposition (UTF time delay AT T 771 |

- — Phase displacemeﬁt o =‘\L/l 360° €% A qA Ao T 7=

9T, f= frequency

{ = length
V = Phase speed

' W) (Remarks) : 4 AR TG WA Transmission line-4 Paralie] IR FA Propagation 93 IS
Aferet T3t s ofd
oot (Precaution) 8
. (i) Connection ©FTSITR T512 Fa ATe 2039 |

g (ii) Capacitance 3R Inductance SIFTSIR A% TS 273 |
.
S

;

S | Parallel wire transmission line Ft? ‘
R 1 Velocity of propagation 317 &< Ft?
9 | WaQe length, velocity 3% frequency 9 WT4J T9{F Ft?



98 ; TBEAIE, Bl SIS G aige

Experiment Date ...............................

m:mamofmﬂﬁmwmw@mamﬁ @G FTOHD R ANTMHAT P00

the Experiment) *RAAFA4 (Measure the attenuation constant, phase censtant and propagation
" | constant of Transmission line)

e (ObJectlves) 8 Transmission line 93~
(i) Attenuation constant AT Fare LICHS
(ii) Phase constant f4¢fq W EICH
“(iii) Propagation constant &% 390 273 | ) _
W (Theory) 8 (19 Transmission line-9Q Sivgnal propagation € ¥ Current 93R Voltage 43 (¥ 9f43$a gy
SItF Propagation constant I |
Propagation constant (& "IQ—TC? W 41 T, - Attenuatlon constant 9<% Phase constant.
Wmﬂ"ﬁ W (Attenuatlon constant) § (FIF Transmlssmn line-4 Wave propagation 9@ Current 9!
Voltage @3 TR (7 AR 05 Wiz Attenuation constant IC | TF o W11 Hfo® At 77 |

< - W (Phase constant) 8 (¥ Transmission line-9 Wave propagation 9 Current 3l Voltage 99 Phase
97 (T “If¥ET TG BIta Phase constant A0 | :

TSR A (Required Apparatus) 3

(i) Capacitor - 6 o

(ii) Inductor - N

(iii) Function generator

(iv) CRO/Digital multimeter
(v) Connecting wires.

ARG 5 (Circait diagram) 3
L L
* O ——— TV ok
V=5V ——c _ —_J;: c
-O— - —O -

5@ ¢ Transmission line

FITSR Y (Working Procedure) §

— QAT TG A 2 T4 2o |

— Function Generator (¥ CRO @1 3‘ITN ATFSII AL @I 2 @ Funtion Gencrator e ‘I'aﬁ Input
CHI1 QR Output CH2 (W4 |

— 1 MHz frequency (¥ set 91 I |
— SRt =ify,

Phase displacement ¢ =‘g 360° f =Frequency

I = length
V =Phase speed




[

BIROEES o 0¢

TEY (Remarks) $ 92 Experiment 93 TG phase dlsplacement FATE SIS S T |

Aefo (Precaution)

(i) IFPTEIICA Connection X TMGIR FACS A |

(ii) CRO @3 Calibration IR TS 21 |

(iii) Function Generator 4% IR SIS SO Z(A |
0 >=r i apgiafe <

5 | Attenuation constant 1?

3 | Phase constant 8T8 Jf (IRH?
© | Phase displacement 9% AN 77 |

19 ¢ (Name of
the Experiment)

4

Experimént Date ...........ccccecovveerennennn.

m”lﬁ"‘ﬁ IR mﬁ'ﬂﬁ? Wﬁ ARt (Measure the characteristics

impedance of a transmission line)

®THT (Qbjectives) 3

Transmission line @3 Characteristics impedance A% FITs g |

&g (Theory) 8,Trans‘mission line @¥ Characteristics impedance TS (I AT #ZCF Input terminal 97
T ARAFS Impedance (F Q@R 19T Z, Bl <™ FA T Transmission line 9 Characteristics

impedance Input voltage

@33 Input current-9¥ SHATS W 37 A W) @9 Transmission lme—kﬂ?l Input

voltage E; kﬂ?f'{ Input current I; R Z, =
m TN (Required Apparatus) H

(i) Coaxial cable 100 m (transmission line)
(ii) Connecting cable and chords

(iii) Digital multimeter/CRO

(iv) Universal measuring bridge. -

’Tl% four (Circuit diagram) 8

For Inductance and Resistance measuring the circuit must be short

Fig. Transmission line (coaxial cbale)

2 Z2
{3 }—

(02 Sshort circuited line

r

And for the capacitance and conductance measuring circuit must be opened

o——0



Y e, B s Ffiem g
‘ W Y1t (Working Procedure) 3

— T diagram TS circuit AR A

— Circuit 99 9% &I¥ Short circuit (Y T enw D1g1ta1 multimeter ZH IR Inductance @32 Resistance
sAfemiot a2 | '

- QW 9T 4I¥ | (Y 9 LTS Dlgltal multimeter A9 I Capacitance 93 Conductance
aAfiiel 1 2 | , )

— Digital multimeter TIZIA FTR Resistance R 932 Conductance G AR #4121 |

— Measuring bridge I79XIA T Capacitance C 9K Inductance L sfasret T =@ |

— &3 transmission line I (RGAT coaxial cable 93 REC @R G 93 A “Afo a1 247 | -

- Zo=A /2—‘3:—% R AR S Z, Rt waee =

T (Remarks) 3 92 Experiment 43 YN Characteristics impedance AT =9/t @IF #1® 1 T4 |
HSES! (Precaution) 3 T

(i) SIFTSItA Connection FIYR W TR fate T3 |

(11) Coaxial cable 100m S T |

(iii) Bridge 9<% Chords FNE ©OfF WA 4IPS A

31 Transn‘ﬁssion line 2

{ | Transmission line 99 Characteristics impedance 35S i (AR'? |

Experiment Date .............cccocvuvvnnnnnnnes

A ¢ (Name of | (FRIDH €TH® G R THGTH QAT QA R QoAei Wiive, oenas @R

the Expenment) Tt qIRTRL (Design and verity the impedance matching of the transmission
with a quarter wave transformer)

Tray (Objectives) 8 Quarter wave transformer IR I transmission line 99 Impedance matching

. ARF O REN | ‘ ,

®§ (Theory) $ Trans;nission line @9 Characteristics impedance (Zo) 9R Load impedance (Z;) 73 7 (A
Load-«€ "'T@/TEE power AR W | (@ &fFAT transmission line ¥ Characteristics impedance @3 Load
impedance 4% T4 AN HAIYS FA TH SIS impedance matching T T | GRMTH Quarter wave transformer 97
TG Impedance matching‘w A A TR |

TS AW (Required Apparatus) 8

(i) Input Resistance Z, = 50Q '

(ii) Load impedance/Resistance Z; = 100Q

(iii) Digital multimeter /CRO
(iv) Connecting wires.



RISEUEE I 04

ARG fBa (Circuit diagram) s
, | .
’( "3 *I
Transmission i
line
Zy Z; .
: °_Zl> z, , [:lloon ,
Zip=50Q

RIS 4t (Working Procedure) 3
— TG (Circuit) T T AL oef AR |
— @ transmission line 93 Characteristics impedance (& Quarter wave transformer €3 input impedance 93
M Match 91 91 | SR Z, =[Z,.. 7o
o R e, ' d"ffﬁ',
Z=276 logm(%) o  R= @9 e
S = Line *Re1&cww 1478 oy
. Zin 8 & Quarter wave transformer <3 impedance.
— @9 7T Transmission line 932 Load €3 TG AT 39 2
= = m = Characteristics impedance. .
WY (Remarks) 8 ST Quarter wave transfgrmer € MYGTH Characteristics impedance and load impedance
@3 TG mafching THARFS @IN #1e FICS A1 |
Tefo (Precaution) 3
’ (i) Connection F9Z SISl F61R a1 e g7 |
(ii) Matching 3% ztae f 71 Stersiza 7518 Fa0s 2 |

>8I0 Gif<s F1Rey s
3 | Impedance matching L[S J C?IW ?

R | Quarter wave transformer 91?7
© | Quarter wave transformer 9% 34t

«

0 Experiment Date ............... foreranisesienns
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