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Fig. 1. Fig. 2.

veloped gave the solution of the problem

directly, without any cut and try.
As the question may present some tech-

nical interest, copy of our manuscript fol-

lows.

SfiANCE DU 30 J.4NVIER 1961, p. 689.
fiLECTRONIQtlE. -St~i’ le ~rob~%e de l’adaP-

tation. Note de MM. Louis Castagnetto et

Jean-Claude Matheau, pr6sent4e par M.

L40pold Escande.
On d~termine ii I’aide du diagramme de

Smith, les conditions d’adaptation optimale

d’une charge ii un d~ment actif lorsque les

domaines de variation des irnp<dances sent
pr+alablement impos~s.

Soient Ro+jA”O = / ZO / e’~o I’impddance
du g4n4rateur, R+jX = I Z I dr celle de la
charge et S =x+jY son coefficient de r4flex-

ion.
[E [ ej~ 4tant l’amplitude complexe de la

force 41ectromotrice du gtkrt$rateur, la puis-

sance complexe absorb<e

s’icrit

~= P+jQ _ IE1’(l

82,*

S%:11+S12.

Alors:

par la charge

+ S)(I – s*)

lE/’ [El’
p = ~~; (1 – p’ COS2f,) = ‘;R— dz COS2f,

ori P est, clans le plan du coefficient de r{flex-
ion, la distance du point S au point (O,
–tgf~) et d la distance du point S au point

(–1, o).
L’imp6dance du g6n6rateur 6tant donn6e

ainsi que le domaine de variation de .S la
puissance maximale absorb6e par la charge
sera obtenue aux points S orl p atteint sa
borne inf6rieure. On peut alors choisir,

parmi l’ensemble des points dormant la
valeur maximale, ceux qui correspondent au
rendement maximal.

Le rendement s’&rit

R

~=F7%”

Les courbes 2 rendement constant (R

constant clans le plan des inlp4dances) se

trausforment par l’homographic dormant S,
en un faisceau de cercles tangents au point
(1, O) centr& sur Ie segment [(0, –tg ~o),

il, o)].
L’ensemble de ces cercles figurant clans

Ie diagramme de Smith, la d&ermination de

I’adaptation optimale est alors imm4diate

(Fig. - 1).

D’une fagou similaire, si l’imp~dance Z

est donnfe ainsi que le domaine de variation
de S, l’imp6dance variable &tant maintenant

Zo, 1a puissance ma~imale absorbde par la
charge sera obtenue aux points S ofL d. atteiut
sa borne sup+rieure. Les courbes ?i rende-

ment constant formeut un faisceau de cercles
tangents au point ( – 1, O) et centrals sur le
segment [( –1, O), (O, tg f)].

Le choix du point dounant la puissance
maximale avec le rendement maximal se fait

encore imm~diatement (Fig. 2).
Si les domaines de variation sent donn+s

clans le plan Z il srrffit de passer au plan S

pour rt%oudre le probl>me.
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A uthor’s Commentz

Castagnetto and Mathean essentially
have solved the same problem treated in my

correspondence.1 The main difference is that

the entire description is carried out in the
reflection coefficient plane rather than the
impedance plane. They take the question

one step further by exchanging the role of
source and load impedance. The equations

are correct and convenient to use on the
Smith Chart.
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Discontinuities Appear in the

Repeller Current of a Reflex

Klystron Detector*

lt is known that reflex klystrons are us-
able as microwave detectors. 1–4 Wrhen the

repeller current was plotted against accel-
eration grid (which is anode) voltage,
Koctienko, Deviatkov, and Lebed6 found

discontinuities. WhitfordA did not find these

discontinuities for the 726A reflex klystron.
Koctienko, et al., explained that the dis-

continuities were attributed to the appear-

ance and disappearance of the virtual cath-
ode when the klystron began or stopped
oscillation. Whitford explained that the
beam current density of the 726A reflex klys-
tron was sufficiently high to maintain the
virtual cathode at all times.

The author found discontinuities in the
repeller current as shown by a broken line

in Fig. 1 when the 2K25 reflex klystron was
used as a microwave detector. These discon-

tinuities were explained in this case from the

viewpoint of electronic regenerative action

instead of by the appearance and disap-
pearance of the virtual cathode. In this anal-
ysis, for simplicity, a plane parallel elec-

trode reflex klystrou as shown in Fig. 2 was

assumed. The repeller was connected to the
cathode and the virtual cathode was as-
sumed to always exist in front of the actual

cathode. Another virtual cathode in front of
the repeller was not considered at this time

because of low repeller current on the order

of microampere. Initial energy 6, which

consisted of *, average thermal energy of
electrons converted into kinetic energy at

the emission and energy of the electric field

intensity lh at the virtual cathode surface
to pull the electron out of the potential dip
to the virtual cathode surface where the
potential was zero was assumed. The re-
peller current due to the acceleration grid

\,oltage VU and the initial energy is given by

;,”= CLUO

cl,, ‘
(1)

where

C is a ratio of total charge at the repeller
to the total charge at the grid, t is the

beam transmission factor of the grids, 10

is the grid current, and

z~= h“,V03/2. (2)

This approximate relation was verified by
the experiment. A“O is a proportionality
constant between the grid current and the
grid voltage. UrO is the \-elocity of electron

* Received October 31, 1962; revised manuscript
received December 21, 1962. This research was suP-
ported by University Committee on Research Grant,
Marquette University, Milwaukee, Wis. A part of
tbls report was presented at the URSI-lRE Meeting,
Ottawa, Ont., Canada, October 15, 1962.
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n = a positive integer.

1= the distance between the grids and

the repeller.
a = the operating angular frequency,

~=z=f.
u,= the magnitude of input microwave

voltage across the grids.

RL = the parallel resistance of the circuit

across the grids.
o = the electron trans~t angle in the re-

peller space,

d
%8=8~fl —26 Jr”–] /2, (11)

P = the beam coupling coefficient,“ 100 150 ,200 250 300 350

GRID \/OLTAGE (VOlt S)

IWz, l—Repeller current due to microwave signals of the 2K25 reflex klystron with repeller connected to ca.tfmrfe.

g = the gap length of I he grids.

Substituting (2), (9) and ( 12) in (8) with
the assumptions stated before (8),%2-e
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Substituting (2)-(5) into (1),

where

The average repeller current, due to

microwaves i,~, is obtained using the follow-

ing assumptions. Microwaves are assumed
to contribute repeller current directly only

when the microwaves are in the accelerating

phases of repeller bound electrons at the
grids. The electrons returning to the grids

are assumed to contribute to the regenera-
tive amplification providing the grid voltage
is properly adjusted. It is also assumed that
there will be no contribution of micro~vaves
to the repeller current when the regenera-

tive amplification was not being performed

because of incorrect grid voltage settings.
The average repeller current then due to

microwaves is

(15)Fig. 2—Plane parallel electrode reflex
klystron detector.

at the grid and
Total repeller current is then

;, = i,” + Lm. (17)

This equation is shown by a solid line in

Fig. 1. Parameters used to calculate this

curve are listed in Table I. Steps in the re-
peller current are clearly shown in this the-

oretical curve. The electrc,n transit cycles in

the repeller space,

,y . L .tIeIH
27r 2rr ‘

are also shown in Fig. 1. As seen in this fig-
ure, steps appearing in the repeller current
curve coincide approximately with the mode

of regenerative amplification which is repre-
sented by the electron transit cycles N.

..—=

d
2eVQ -

u,” = –m– + ;

(3)

In this equation

e = the electronic charge,
m = the electronic mass,

6 = the initial enerzv.

S =an equivalent ~stance between the
potential dip and the surface of the

virtual cathode—assumed, for sinl-

plicity, to be constant in this case,

and
E,= the virtual cathode surface electric

field intensity.

1

-J

(2.+1). .gI, ____
—— C ~ 17,”~2K(3 sin cot d(d)

27r 2,,. g

1. 198C~Z, ——
—— ––;_- 42~(3 (8)

where TABLE 1

PAR.&ME IERS FOR THE 2K25 REFI.IX
KLYSTRON DETFCTORThis is given by integrating Poisson’s equa-

tion
. ..!

—

.,

0.16 wa/volt
O. 0042! ma/v01tzi2
1.602 XIO-19 joule
6.635 XIO-zO coulomb
7.29 X 10-zO coulomb
5.8 X10-2 ampere/volt5J~
29.9.5 rad-voltll ?
1.171 Xlo-: volt-l
9200 fi[c
3.44 X1 O-3TT7

where
A,
A,
A,
A,
..16

where V,= the amplified microwave ~ol~age
across the grid by regenerative
amplification.

o = a phase angle between induced
microwave current in the circl lit at

the grids and microwave voltage

across the grids,

60= the dielectric constant of vacuum,
d = the distance between the cathocle

and the grid, and
AO = the effecti~-c area of the grids.
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In ( 1), U,O is the velocity of electrons at the
repeller and this is given by

1– 2rr(?2 – i) . (lo)
where UOO is given by (3).


