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This Mathcad 14 worksheet is designed to accompany the author's book "Microwave and RF Vacuum Electronic Power Sources", Cambridge University
Press (2018). The section, equation, and figure numbers refer to the corresponding sections, equations, and figures in the book. Data input fields are
highlighted in yellow and output fields are highlighted in green.

This resource is provided free of charge by Cambridge University Press with permission of the author, but is subject to copyright. You are permitted to view,
print and download this resource for your own personal use only, provided any copyright lines are not removed or altered in any way. Any other use, including
but not limited to, distribution of the resource in modified form, or via electronic or other media, is strictly prohibited unless you have permission from the
author and provided you give appropriate acknowledgement of the source.

The contents of this sheet are provided for educational purposes only and no warranty is expressed or implied that they are suitable for use as professional
design tools.

This sheet calculates the properties of a vane-type magnetron anode both without and with straps. The data provided is for the Litton 4J50 magnetron as
given in Hull, J. F. (1958). Crossed Field Electron Interaction in Space Charge Limited Beams. New York, Polytechnic Institute of Brooklyn. Doctor of
Electrical Engineering.
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N, = 16 P = N—j

1, = 4.37-mm I, = 2.34-mm
Iy := 6.3-mm ry == 2.13-mm
t := 0.89-mm p:= 1.72-mm

(b)

La = 6.35-mm w = 0.83-mm
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Input admittance of a cavity

L JO(k-ry)-Y1(kry) = J1 (k1) YO(k-
Y(k) :=j- €—O~ 2. ( rl) ( rz) ( rz) ( rl) Equation 15.57
o (Wrry ) (I (kery) YI(kery) = I1(kry) Y1(kry)
Find the resonant condition
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W= Equation 15.64
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Cy = 0 a) 1 + In| 4 Equation 15.63
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Cy=C.+Cy

CHECK Y(kr) =0.000-S

C,=1.000x 10” °F

L =1229x 10 H

p=0.484

Cy = 0.035 pF
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Resonant frequency of a cavity
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Estimate anode/cathode capacitance per vane
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Cy = 0.051-pF

Y (W, ) = ——————
S T rm—

Yr(w,d) = Yy(w) + Yi(w,d)

Corrected © mode frequency

1

w1

" YL (Cr+ Cp +025-C)

| Equation 15.50 |

1
wy =7758x 10'°

Lower bound

Cy = 0.027-pF

| Equation 15.52 |

1
Wy =7.506% 10"

S 2.t

Best estimate

= —-enL, —— Cp = ,C -C
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S C 2

fo = 12.35-GHz

Cp = 0.037-pF

f; = 11.95-GHz
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Dispersion diagram for the unstrapped anode
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w <« 0 otherwise
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Strapped Anode

The strap dimensions are the strap radius (rs) and the equivalent wire radius (as). The characteristic admittance of the straps is estimated
from their dimensions using the formula for the self-inductance of a wire loop given by Ramo et al. with a correction for the mutual
inductance

Number of straps Ny =4 Two straps on each end of the anode
Strap mean radii 1) = 5.145 mm 1oy = 5.785 mm
Strap width w == 0.33-mm Strap thickness hg := 0.305-mm
. I t g2 . .
Mean strap radius rg=———— This assumes that the properties of the straps are all the same.
2
Strap separation dg =1y —1g)
. . wg + by This assumes that the inductance can be calculated for an
Strap wire radius a =

s T equivalent round wire having the same perimeter as a strap.

Self inductance per unit length of a strap based on a round loop of wire

Lo ﬂ(h{&j ~ 2j Ramo, S., J. R. Whinnery, et al. (1965). Fields and Waves in Communication Electronics.

ag New York, Wiley, Equation (2) on p.311.

Characteristic admittance of a strap

(c) Richard G Carter
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Admittance presented to the cavity by each strap

cos(2-¢) — cos(ziw.p)

Admittance of strapped resonators R
with adjustable parameter F s

C

sin(zw.p)'(l — cos(d))

C

Y (w, ) =j Yy

Equation 15.81 Ys(w, ¢) = Yr(w,$) + FeNe Y (w, $) Equation 15.82

Resonant frequencies of a strapped anode n:=0.N

fs:= W Wy

for ie 0..N

wu. <0 ifi=0vi=N
1 v

wu, root(Ys(w, d),w) otherwise 20

wu

2T

Frequency (GHz)

A1 P~

10 1

Pi mode frequency fs8 =9.409GHz

Pi - 1 mode frequency fs, = 11.547 GHz ©S0S Strapped
+++ Unstrapped
I

Vaughan, J. R. M. (1973). "A model for calculation of magnetron 0
performance." IEEE Transactions on Electron Devices 20(9): 818-826
gives 9.396 GHz and 11.600 GHz for these two modes. Phase shift / pi

Figure 15.19
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