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1 (a) | With neat diagram, explain the concept of reflex klystron. [10] COl | L2
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Constructional details of Reflex Klystron




As with the multicavity klystron, the operating mechanism is best
understood by considering the behavior of individual electrons.
This time, however, the reference electron is taken as one that
passes the gap on its way to the repeller at the time when the
gap voltage is zero and going negative. This electron is of course
unaffected, overshoots the gap, and is ultimately returned to it,
having penetrated some distance into the repeller space. An
electron passing the gap slightly earlier would have encountered
a slightly positive voltage at the gap. The resulting acceleration
would have propelled this electron slightly farther into the
repeller space, and the electron would thus have taken a slightly
longer time than the reference electron to return to the gap.
Similarly, an electron passing the gap a little after the reference
electron will encounter a slightly negative voltage. The resulting
retardation will,shorten its stay in the repeller space. It is seen
that, around the reference electron, earlier electrons take longer
to return to the gap than later electrons, and so the conditions
are right for bunching to take place. The situation can be verified
experimentally by throwing a series of stones upward. If the
earlier stones are thrown harder, i.e., accelerated more than the
later ones, it is possible for all of them to come back to earth
simultaneously, i.e., in a bunch.

It is thus seen that, as in the multicavity klystron, velocity
modulation is converted to current modulation in the repeller
space, and one bunch is formed per cycle of oscillations. It
should be mentioned that bunching is not nearly as complete in
this case, and so the Reflex Klystron Oscillator is much less
efficient than the multicavity klystron.




1(c)

Define VSWR.
Solution

VSWR is defined as the ratio of the maximum voltage to the minimum
voltage in standing wave pattern along the length of a transmission line
structure. It varies from 1 to (plus) infinity and is always positive. Unless
you have a piece of slotted line-test equipment this is a hard definition to
use, especially since the concept of voltage in a microwave structure has
many interpretations.

Sometimes VSWR is called SWR to avoid using the term voltage and to
instead use the concept of power waves. This in turn leads to a
mathematical definition of VSWR in terms of a reflection coefficient. A
reflection coefficient is defined as the ratio of reflected wave to incident
wave at a reference plane. This value varies from -1 (for a shorted load)
to +1 (for an open load), and becomes 0 for matched impedance load. It is
a complex number. This helps us because we can actually measure
power.

The reflection coefficient, commonly denoted by the Greek letter gamma
("), can be calculated from the values of the complex load impedance and
the transmission line characteristic impedance which in principle could
also be a complex number.

M=(Z- Z)I(Z + Z,)

The square of | I | is then the power of the reflected wave, the square
hinting at a historical reference to voltage waves.

Now we can define VSWR (SWR) as a scalar value:

VSWR= (1+| T [)/(1-]T|)orinterms of s-parameters: VSWR= (1 + |
Su )/(1-]Sul)
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2 (a)

Obtain the transmission line equations from fundamentals.
Solution to Q.2a
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2 (b)
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https://drive.google.com/file/d/1rzwF5pObm64vRk92nh2wIxxkIyfqZl8e/view?usp=sharing

2 (c) | A Smith chart is developed by examining the load where the impedance [06] CO2 |L2
must be matched. Instead of considering its impedance directly, you

express its reflection coefficient L, which is used to characterize a load
(such as admittance, gain, and trans conductance). The L is more useful

when dealing with RF frequencies.
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Solution to question 3 and 4
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https://drive.google.com/file/d/1xQeKxt64-TK1NCE7v_8eshGSgFvrmgKC/view?usp=sharing

Example 11-1-1: Characteristic Impedance of Microstrip Line

A certain microstrip line has the following parameters:

€ = 5.23

h = 7 mils

t = 2.8 mils
w = 10 mils

Calculate the characteristic impedance Z, of the line.

Solution
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Parallel Strip Line

11-2-1 Distributed Parameters

In a microwave integrated circuit a strip line can be easily fabricated on a dielectric
substrate by using printed-circuit techniques. A parallel stripline is similar to a
two-conductor transmission line, so it can support a quasi-TEM mode. Consider a
TEM-mode wave propagating in the positive z direction in a lossless strip line
(R = G = 0). The electric field is in the y direction, and the magnetic field is in the
x direction. If the width w is much larger than the separation distance d, the fringing
capacitance is negligible. Thus the equation for the inductance along the two con-
ducting strips can be written as

od
L=E%  H/m (11-2-1)
w
where u. is the permeability of the conductor. The capacitance between the two
conducting strips can be expressed as

€W
C:"7 F/m (11-2-2)
where €, is the permittivity of the dielectric slab.
If the two parallel strips have some surface resistance and the dielectric sub-
strate has some shunt conductance, however, the parallel stripline would have some
losses. The series resistance for both strips is given by

R=2R_ 2\ T g (11-2-3)
w w 0.

where R, = V(mfu.)/o. is the conductor surface resistance in {}/square and o, is
the conductor conductivity in U/m. The shunt conductance of the strip line is

TagWw

d

where oy is the conductivity of the dielectric substrate.

G = U/m (11-2-4)

[10]
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and

Solutions to 5¢c and 6C
6a

247 FRIIS TRANSMISSION EQUATION AND RADAR RANGE EQUATION

The analysis and design of radar and communications svstems ofien require the use
of the Friis Transmizsion Egquation and the Radar Range Equation. Because of the
importance [21] of the two equations, a few pages will be devoted for their derivation.

2474 Fris Transmission Equation

The Friis Transmission Equation relates the power received to the power transmitted
between two antennas separated by a distance R = 207 /i, where D is the larpest
dimension of either antenna. Referring to Figure 2.31, let us assume that the transmit-
ting antenna is initially isotropic. If the input power at the terminals of the transmitting
antenna is Fr, then its isotropic power density Wo at distance B from the antenna is

F

Wo = er——=
TR

(2-113)

Transmilting wera
(Fy G Dy e T )

R ‘J Receiving antenna,
Py G, Dy, g, T Prb



https://drive.google.com/file/d/1YQmXW0b94GaKvVIiRBq2EBrvzjS2J2Sc/view?usp=sharing

where e is the radiation efficiency of the transmitting antenna. For a nonisotropic
transmitting antenna, the power density of (2-113) in the direction &, ¢y can be writ-

ten as
FoGolty.dd PG dy)

= {2-114)

W, =
. 4 R?

where (6, ¢ ) is the gain and Dy{d,, ¢) is the directivity of the transmitting antenna
in the direction &, ¢,. Since the effective area A, of the receiving antenna is related
to its efficiency e, and directivity I3, by

-

A
A, = e,D,(6,, ) [_) (2-115)
A

the amount of power £, collected by the receiving antenna can be written. using (2-114)
and {2-115), as

AEDy 8y, dy ) D8, b ) Py
{47 R)?

_1'2
Pr = e Dy (6, ) = We = erer 1B - B I (2-116)
T

or the ratio of the received to the input power as

F. WEDy 8y, @ D08, d)
LA AT :i o e (11T
P (ax R)?

The power received based on (2-117) assumes that the transmitting and receiving
antennas are matched to their respective lines or loads (reflection efficiencies are unity)
and the polarization of the receiving antenna is polarization-matched to the impinging
wave (polarization loss factor and polarization efficiency are unity). If these two factors
are also included, then the ratio of the received to the input power of (2-117) is
represented by

P . IR .
L — eeareear (1 — TI2H(1 — |r..|1;{—} Dy(6y, $) D, 0, d 1By - B | (2-118)
Fr 4."'|'R

For reflection and polarization-matched antennas aligned for maximum directional
radiation and reception, (2-118) reduces to

.
%: = (#:_R) GG (2-119)
7 Solutions to question no. 7 and 8a
8 Solution to Q. 8 and 9
and
9

10 Solution to Q. 10



https://drive.google.com/file/d/1JdDhgNkNo1GnosMuZSQ6H8YjZFPPkBjl/view?usp=sharing
https://docs.google.com/presentation/d/1b1GexaiSg6cTtSaRy5qoXFC7vb_34F8b/edit?usp=sharing&ouid=109545451336821597052&rtpof=true&sd=true
https://docs.google.com/presentation/d/1lc69SXolkpAB_GFWX-E0V6WNTDdJO7xA/edit?usp=sharing&ouid=109545451336821597052&rtpof=true&sd=true

