Microwave and Radar Communication (4351103) - Summer 2025 Solution - Gujarati by Milav Dabgar

ved 1(H) [3 3jel]

IR HIFSIAd BHIddH GiesHl du] 2A1ad siell 218 214 ddi Guaiali 1] 2420 ci-1al.

*¥dIGI:
Gi-s sHladH sieil Guaioii
L-band 1-2 GHz GPS, Mobile communication
S-band 2-4 GHz WiFi, Bluetooth, Radar
C-band 4-8 GHz Satellite communication
X-band 8-12 GHz Military radar, Weather radar

4u3l Zls: "Little Satellites Communicate eXcellently"

yed 1(c) [4 dpel]

¥is ¥ 226141 GuidI sild impedance matching -l ulsa1 2udl.

BAIGI:

Single stub matching i short-circuited stub ds reflection g2 szl ugld &.
ulsar:

e Stub deiig: Reactive impedance Yeld s2 &
e Stub 22114; Load 2l Smith chart g3 21014 1Hi A1d ©

e Matching condition: Real part = Z,, imaginary part =0

Source Transmission Stub

Load

43 gls: "Stub Positioned for Perfect Matching"

yed 1(s) [7 2Lel]

Short Stub

diddd 2i-lH2ld digd-] digilCisdii seldi 24 6 diJR 21-1H2l4 d1gd HI2 A1H1-A AdH]sel Hadl.

¥AdIGL:
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diddA digd-] diafeisdiii:
e sig power loss 42ll: R=0,G=0
e (2R amplitude: si¢ attenuation el

e ¥ phase delay: [2>-d delayed el weakened -eil

NN

e Standing wave pattern: Reflections 4 si20l 6i4 ©
A AHls:ell:

Voltage Hi2: V(z) = V,eA(-yz) + V_eA(yz)
Current HI2; I(z) = (V./Zy)eN-yz) - (V./Z,)eMyz)

>Ai:
e y=a+ jB (propagation constant)
e Z,=(L/C) (characteristic impedance)
e Lossless line¥i2:a=0,y=jB

H43l 2ls: "Lossless Lines Love Low Loss"

yed 1(s) OR [7 d)ei]

22110l d221 cArvAIlRid s2. 2112 52 Vi Hiud Al52 @14 HIZ 22(31 dd Y2 €1 id 24di.

FUIG:

Standing Wave: 2419101 344 uRldldd d2lid1 constructive 244 destructive interference 2il i-di 222 pattern.
Short Circuit Line:

e Current maximum short circuit u2
¢ Voltage minimum short circuit 42
e Minima dRiq id2: \/2

Open Circuit Line:
e Voltage maximum open circuit U2
e Current minimum open circuit u:

e Maxima d2q id: \/2
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Short Circuit: Open Circuit:

v | /\ 2 EANAN
| /\ |/ \/ \
7\ |
|_/ \ |

0 A/4 A/2 0 A/4 A/2
| /\ /\ I | /\
| /7 N /7 A\ | / 0\
|/ \/ \ | 7/ \
| \ | _/ \
0 A/4 A/2 0 A/4 A/2

42l Zls: "Short Circuits Current, Open Circuits Voltage"

yed 2(H) [3 d1el]
H[%s TEE 4l 5142012 €ii 244 AuAdl.

¥YAdIGL:

Magic TEE 24 E-plane 244 H-plane tees 4 Mdidld ci-idd IR ui2 aiuil device & % opposite ports 42 isolation
A ©.

Port 1 - E- Port 2 - H-

Junction

Port 3 - Collinear Port 4 - Collinear

s1Hoi13l:

e E-arm ¥4 H-arm: viscilxail isolated 23 &
e Sum port: Collinear arms i signals 4 add s2 &

e Difference port: Signals 4 subtract s2 &

Hu2l gls: "Magic Tee Mixes Modes"
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yed 2(cl) [4 d1el]
¢llcis Ra14] s1uil3] Auai.

¥VAdIGi:

Hybrid Ring i 12 Ui giui] dlinIsIR waveguide © % power division 2144 isolation Hi2 quz1 .

Gligsiu:

¢ Ring circumference: 1.5\
e Port spacing: Adjacent ports 2 \/4

e Matched impedance: €2s port Z, 212l matched
sl

e Power splitting: Input 6i output ports g2 M4 2ld AR &
e Isolation: Opposite ports isolated 24 &

 Phase difference: Output ports 422l 180°

42l gls: "Ring Runs Round for Power Sharing"

yed 2(s) [7 ]

"asd2R" I cligsii A4 skilfigid 2umal. dl sifkdselidl i cididi.
dIGH:

Gligsiu:

e slb1 ui device ferrite material 212
e Permanent magnet magnetic field 6i+1d &

e Y-junction waveguide structure

_—> Ferrite —> Port 2

Port 1

Port 3

sRIRfigid:
» Faraday rotation: Magnetic field wave polarization A rotate s2 &
* Unidirectional flow: Power Hi3 is [€21Hi 4é &
* Non-reciprocal: [Gg (€211 MI2 24621 behavior

GuioIi:

e Radar systems: Transmitter 4 receiver il isolate s2 &
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e Communication: TX/RX HI2 antenna sharing

e Microwave amplifiers: Feedback ¥i2sid &

42l gls: "Circulator Circles Clockwise Continuously"

yed 2() OR [3 de]

doidi dad11gs 4 dlingdie] dadngsHl gadi si.

dIGI:
VEIT EX doidid slAIsIR
Cross-section Rectangle Circle
Dominant mode TE+o TE++
Cutoff frequency ¥R\ calculation %(2d calculation
Manufacturing ¥R\ He/Y
Power handling Higs] geR

43 gls: "Rectangles are Regular, Circles are Complex”

yed 2(6i) OR [4 d1e1]
sIu2seldd swRd siildgid €1l »1d Au¥dl.

¥dIGi:

Directional Coupler forward power - sample s2 © 14 reflected power il isolation 2114 .

Output

Input —» Main (e > Coupled

T Isolated Port
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s1HI2:

e Coupling factor: Extract 2idl power -ssl 52 £ (10-20 dB /14I-)
e Directivity: Forward A reverse power &il isolate s2 &
¢ Insertion loss: Main line Hi minimal loss
vanlzal:
e C=10log(P,/P3) (Coupling factor)
e D =10 log(Ps/P,) (Directivity)

"u2l gls: "Coupler Couples Carefully in Correct Direction"

yed 2(s) OR [7 d)el]

"Travelling Wave Tube" i1 Gligsii 14 siiffigid 24%dl. d-l vif@seidi-l R cidial.
FdIGH:

Gligsiu:

AEAY

e Electron gun: Electron beam emit s2 €
e Helix structure: RF wave  slow s2 ©
e Collector: Spent electrons collect s2 &

e Magnetic focusing: Beam - focused 21 &

Electron
/> Collector
RF —»{  Helix
‘ \+ RF Output
Magnetic

sRIRfigid:
e Velocity synchronization: Electron velocity = RF wave velocity
e Energy transfer: Electrons RF wave - energy AU &

* Continuous interaction: 2iyef helix length u?
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AY

GuioIi:

e Satellite communication: High power amplification
e Radar transmitters: High gain amplification

e Electronic warfare: Jamming systems

442l gls: "TWT Transfers Tremendous power Through Travel"

yed 3(1) [3 dgel]

G VSWR HIud HI2 uRial ugld 244dl.

SdIG:

Indirect Method calibrated attenuator diuzl4 high VSWR 4 measure s2 9.
ulgar:

e Calibrated attenuator insert s2i (10-20 dB)
e Reduced VSWR measure s2i (VSWR,)

e Actual VSWR calculate s2i: VSWR, = VSWR, x Attenuator ratio
s‘lujc-ll: VSWR_actual = VSWR_measured x 10A(Attenuation/20)

443l 2ls: "Indirect method uses Intermediate Attenuation"

yed 3(6l) [4 d1el]

sddRIdd 2Gi-] iddd HATEIA] @uil v a4al.
SdIGH:

vladd HAielil:

e Transit time effect: Electron transit time significant ¢4 ©
e Interelectrode capacitance: High frequency response limit 52 &
e Lead inductance: Parasitic inductance gain €215 ©
e Skin effect: Current Hix surface U2 9é &
AR
e Reduced gain: fa s2di g¢i2 frequencies u?
¢ Increased noise: Shot noise - sIRQI
¢ Phase shift: Signal processing Hi delay
Gsadi:
e Electrode spacing &2Isi

e Special tube designs dIuzI
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e Cavity resonators employ s?i

442l 2ls: "Transit Time Troubles Traditional Tubes"

yed 3(s) [7 2yel]

difadiz siM A1 g 5002 sdlegidd cliasiy 14 SI-I AHNdI. ddI SIAEIAIA] A1€] 24141,
SdIGi:

Gligsi:

* Electron gun: Electron beam produce s2 &

e Input cavity: Beam A velocity modulate s2 &

Drift region: Beam bunching 212/ &

Output cavity: RF energy extract s2 ©

Collector: Electrons collect s2 &
Applegate Diagram:

Distance -

| XXXXXXXXXXXXX « Fast electrons

| XX XXX XXX X « Medium electrons
| XXX X X X « Slow electrons
Time |
5 Bunching occurs
Input Drift Output
Cavity Space Cavity
simailRl:

e Velocity modulation: Input cavity electron velocity vary s2 &
 Density modulation: Electrons drift space Hi bunch @12 &

e Energy extraction: Bunched beam output cavity 4 energy transfer s2 &
SIAEIAIL:

* High power output: s2dis kilowatts
¢ High efficiency: 40-60%
¢ Low noise: Semiconductor devices s2di I3l

e Stable operation: Excellent frequency stability

43l gls: "Klystron Kicks with Kinetic Bunching"
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yed 3(4) OR [3 d1el]

BWO< cligsid i sif 2iual.

SdIGH:

BWO (Backward Wave Oscillator) backward wave interaction diuzl oscillation s2 €.
Gligsi:

e Electron gun: Electron beam emit 52 &
e Slow wave structure: Helix »12dl coupled cavities
e Collector: Input end U2

e Output: Input end @il
s1HailRl:

e Backward wave: Electron beam 1 [G2s [€2iMi travel s2 &
* Negative resistance: Beam backward wave 4 energy 114 &

e Oscillation: %12 gain > losses

4u3l Zls: "BWO goes Backward While Oscillating”

yed 3(6i) OR [4 de]

\ N

HIgsidd ASARlA4 sI201 BuiHI 24NdI.
dIGI:
SIUHII USIR:
e HERP: Hazards of Electromagnetic Radiation to Personnel
e HERO: Hazards of Electromagnetic Radiation to Ordnance
e HERF: Hazards of Electromagnetic Radiation to Fuel
AR
e Thermal heating: High power uz tissue heating
e iviid 4sdi: Cataract formation
¢ Reproductive effects: Fertility u2 2aifdd +42
e Pacemaker interference: Electronic device malfunction
rail:
e Power density limits: < 10 mW/cm?2
e Safety distances: Far field calculations
e Warning signs: Radiation hazard markers

e Personal monitors: RF exposure meters
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43l gls: "Microwaves Make Multiple Medical Maladies"

yad 3(s) OR [7 3je]
YIS 25Y A1 Hod2ld cliasiy vid sid aHdl. ddl vifé@serdidl 4Rl cididl.
FdIGH:

Gliasi:

e Circular cathode: Central hot cathode
e Cylindrical anode: Resonant cavities i1l
e Permanent magnet: Axial magnetic field el s2 &

e Output coupling: Loop +2di probe

Cathode —\

Interaction Space Anode Cavities

Output Coupling

Magnetic ("

s1HI12:

e Electron cloud: Interaction space Hi Gi4 ©
e Cycloid motion: E 24 B fields 4 si2el
e Resonant cavities: Operating frequency 4ssl 52 &

¢ mn-mode oscillation: Alternate cavities opposite phase Hi

GuioIi:

e Microwave ovens: 2.45 GHz heating
e Radar systems: High power pulses
¢ Industrial heating: Material processing

e Medical diathermy: Therapeutic heating

443 gls: "Magnetron Makes Microwaves Magnificently"

ved 4(4) [3 del]
P-i-N sidis-l s142il2] 2114,

¥dIGL:

P-i-N Diode Hi P 214 N regions 42 intrinsic layer ©, ¥ voltage-controlled resistor d2ls siH s2 ©.
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GligsIu:
e Pregion: Heavily doped
e | region: Intrinsic (undoped)
¢ N region: Heavily doped
sl

e Forward bias: Low resistance (1-10 Q)
e Reverse bias: High resistance (>10 kQ)
e RF switch: Microwave signals control s2 &

e Variable attenuator: DC bias 18l resistance vary @1 ©

442l 2ls: "PIN controls Power IN Networks"

yed 4(c) [4 d1e1]
YIS 25Y A1 drse? SKIISAI sIE A4l

¥dIGi:

Varactor Diode junction capacitance variation diuzl4 voltage-controlled capacitor dzls siH s2 9.

| P | N |<—Junction

Capacitance vs Voltage:

c |
[\
| \
|\
N
0 -V (reverse bias)
s142i131:

e Reverse bias: Junction deplete s2 ©, capacitance €2 ©
e Bias voltage: Capacitance value control s2 ©
e Capacitance ratio: 41HI= 2ld 3:1 2/l 10:1

e Frequency tuning: Oscillators A filters i du21 ©

\

GuioIi:
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e VCO tuning: Voltage controlled oscillators
e AFC circuits: Automatic frequency control

e Parametric amplifiers: Low noise amplification

43 gls: "Varactor Varies Capacitance with Voltage"

ved 4(s) [7 2Lel]
24d SIS cligsiy Vi sid 2Hd] i 24d Gid1ddid] g2 [Ga1dalR a4dl. ddl vif@seaii-l 4 ci-idl.
FdIGH:
Gligsii:
* Heavily doped P-N junction: ci- 6i1% degenerately doped
¢ Thin junction: ~10 nm width

e Quantum tunneling: Electrons energy barrier Hieil tunnel s2 &
Tunneling Phenomenon:

e Quantum effect: Electrons energy barrier Hiall uaiiR 212 &
e Band overlap: Conduction band valence band a2l overlap s2 ©
e Probability function: Tunneling probability barrier width u2 depend s2 &

e No thermal activation: Room temperature U2 212 &

I-V Characteristic:

(VAN « Negative resistance

0 Vp Vv

Vp Peak voltage

vv

Valley voltage

siuailRl:
e Forward bias 0-Vp: Current d¢l © (tunneling)
e Vp to Vv: Negative resistance region

e Beyond Vv: Normal diode operation

GuaidIi:
¢ High-speed switching: Picosecond switching

e Oscillators: Microwave frequency generation
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e Amplifiers: Low noise amplification

e Memory circuits: Bistable operation

4u3l Zls: "Tunnel Diode Tunnels Through barriers Terrifically"

yad 4(1) OR [3 d|el]
IMPATT siiis] s1u2ilélq geid s2i.

¥AdIGL:

IMPATT (Impact Avalanche Transit Time) diode avalanche multiplication 214 transit time delay diuzl
oscillation s €.

s1HI1R:

AAY

e Avalanche zone: Impact ionization carriers ¢id1d €
e Drift zone: Carriers constant velocity 12l drift s2 &
e Transit time: 180° phase shift ueid s2

» Negative resistance: Phase delay A si20i
4w parameters:

e Breakdown voltage: 2141 2ld 20-100V
e Efficiency: 10-20%

¢ Frequency range: 1-300 GHz

4u2l 2ls: "IMPATT Impacts with Avalanche Transit Time"

W2 4(ci) OR [4 d]el]
Uni2s vindlgiau: HIZ Viddd Gu Vi 1 3uid2el AHdl.
SdIGH:
Parametric Amplifier time-varying reactance diuzld amplification 214 frequency conversion s2 €.
Up-conversion:

¢ Signal frequency: fs (input)

e Pump frequency: fp (aieil geii2)

e Output frequency: fo =fp + fs

e Energy transfer: Pump 2il signal Hi
Down-conversion:

¢ Signal frequency: fs (input)

e Pump frequency: fp
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e Output frequency: fo =fp-fs
e Mixer operation: Frequency translation
SIAEIV:

e Low noise: Quantum-limited performance
e High gain: 20-30 dB A4~

e Wide bandwidth: s2dis GHz

43 gls: "Parametric Pump Provides frequency conversion Plus gain"

yed 4(s) OR [7 d)ei]

RUBY MASER 1 dligisii 44 sif [Rigid deid s2l. dd] 2if@sel-idl (2 ci-idl.
FdIGH:
Gligisiy:

¢ Ruby crystal: Al,O; lattice Hi Cr3* ions

Magnetic field: Strong DC magnetic field
e Microwave cavity: Signal frequency u2 resonant

e Pump source: High frequency klystron

Cryogenic cooling: Liquid helium temperature

Amplified

Magnetic =~ -
=
Ruby Crystal
Liquid Helium - Microwave
Pump Source —/
srifRigid:

e Energy levels: Cr3* ions 4 sl energy levels &

 Population inversion: Pump upper level Hi dgiR atoms 6i4id €&

e Stimulated emission: Signal photons emission trigger s2 ©

e Coherent amplification: Phase-coherent amplification
Three-level system:

e Ground state: E, (a2l &2 populated)

¢ Intermediate state: E, (signal frequency)
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e Upper state: E; (pump frequency)
GuaidIi:

e Radio astronomy: Ultra-low noise receivers

e Satellite communication: Ground station amplifiers

e Deep space communication: NASA tracking stations

e Research: Quantum electronics experiments

4u3l Zls: "RUBY MASER Makes Amazingly Sensitive Electromagnetic Receivers"

yed 5(4) [3 2Lel]
MTI RADAR-I SIAIcHS GAIS SIJAIRAIH EiR] Y4 AHMd].
*dIGH:

MTI RADAR successive echoes -l comparison s2l4 moving targets detect s2 £ i fixed targets cancel s2

\

€.
—*  Antenna
Transmitter »  Duplexer l«—
\ Receiver —\
»> Phase »> Canceller »> Display
STALO —/
T——» COHO
Components:

e STALO: Stable Local Oscillator
e COHO: Coherent Oscillator
e Phase detector: Echo phases compare s2 ©

e Canceller: Fixed target echoes remove $2 ©

443l gls: "MTI Makes Targets Intelligible by Motion"

yed 5(6) [4 dpei]
RADAR 4 SONAR 2l 2j2uildi.

¥dIGL:
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uanilz? RADAR SONAR
Wave type Electromagnetic Acoustic
Medium Air/vacuum Water
Speed 3x108 m/s 1500 m/s
Frequency GHz kHz
Range 100+ km 10-50 km
Applications Air/space Underwater
AMIRA daiell:

e Pulse-echo principle
e Range measurement

e Target detection

443l 2ls: "RADAR Radiates, SONAR Sounds"

yed 5(s) [7 ]
HedH RADAR 2% aHlsel dondl. Hedd 2512 354 2142 s2d1 UReini 24ai.
FdIGH:
RADAR Range Equation:
R_max =4J[(P_t x G2 x A2 x g) / (6413 x P_min x L)]
*RU:
e P_t: Transmitter power (W)

e G: Antenna gain (dimensionless)

A: Wavelength (m)

o: Target cross-section (m?)
e P_min: Minimum detectable power (W)
e L: System losses (dimensionless)
Derivation steps:
1. Power density at target: P_txG/(4mnR?)
2. Power intercepted: o x Power density
3. Power at receiver: Intercepted power x G/(4mR?)

4. P_min 12 ¥4I S0 344 R HI2 solve s2i

Range 4 R sdi ulReini:
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Range gdidl URcini:

e Higher transmitter power: R « P_tA(1/4)
e Larger antenna gain: R « G/(1/2)
e Larger target RCS: R « o/(1/4)
e Lower system losses: R « LA(-1/4)
Range g2isdi uRain:
e Higher frequency: R « AM\(1/2)
e Atmospheric losses: Absorption 4 scattering

e Ground clutter: Interfering reflections

443l gls: "RADAR Range Requires Robust Power and Proper Parameters"

Y 5(41) OR [3 dei]

CW Doppler RADAR Hi siw? 12124 deid sa.

SdIGi:

Doppler Effect >I12 target RADAR -1 aiuai 2ld move s2 © i2 frequency shift s2 ©.

Doppler Frequency:
fd=(2xVrxf0)/c

>l
e V_r: Radial velocity (m/s)
e f 0: Transmitted frequency (Hz)
e c: Speed of light (3x10% m/s)
aaell:
e Approaching target: f_d positive
e Receding target: f_d negative

* Factor of 2: Two-way propagation 4 siR0l

43 gls: "Doppler Detects Direction with Doubled frequency shift"

Y2 5(ci) OR [4 d)el]

RADAR H12 PPI [S2d ugld 24di

SdIGi:

PPI (Plan Position Indicator) RADAR coverage area -l top view 6idId © range 214 bearing information 12,

Display Features:
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e Circular screen: Center RADAR location represent s2 ©
 Rotating trace: Antenna rotation 12 synchronized
e Range rings: Distance HI2 concentric circles

e Bearing scale: Circumference 41iuiy 0-360°
siHailRl:

e Sweep rotation: Antenna rotation match s2 &
 Echo intensity: Brightness control 52 &
e Persistence: Afterglow target visibility maintain s2 ©

e Range scale: Selectable range settings

GuidIi:

e Air traffic control: Aircraft positioning
e Marine navigation: Ship 24 obstacle detection

e Weather monitoring: Storm tracking

4u3l gls: "PPI Provides Position Information Perfectly"

yed 5(s) OR [7 d)ei]

UG 2SIRI GAIS SIRJAIRAIN €I A4 sRI[gid 44¥di.

Modulator H Power H Duplexer

¥YAdIGL:

RF Amplifier

Mixer H IF Amplifier H Detector H

Video

Local }—/

siif@gia:

Transmission:
e Master oscillator: RF carrier generate s2 ©
e Modulator: Short pulses 6idid &

AEAY

e Power amplifier: Pulse power amplify s2 €

e Duplexer: Pulse 4 antenna d?s route s2 &
Reception:

e Echo reception: Antenna reflected signals receive s2 ©
¢ RF amplification: Low noise amplification

e Mixing: Intermediate frequency Hi convert s2 &

No. 18 /19



Microwave and Radar Communication (4351103) - Summer 2025 Solution - Gujarati by Milav Dabgar

e |F amplification: Further amplification

e Detection: Video signal extract s2 &

e Display: Range vs amplitude show s2 &
yua Parameters:

e Pulse width: Range resolution -ssl s2 &

e PRF: Pulse repetition frequency

e Peak power: Maximum range capability

e Duty cycle: Average power consideration
SIAEIV:

e High peak power: Long range capability

e Good range resolution: Narrow pulses

e Simple processing: Direct detection

43 gls: "Pulse RADAR Pulses Powerfully for Precise Position"
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