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ABSTRACT

This report presents theory and experimental
results pertaining to the operation of a new single-
cavity resonator magnetron designed for operation at
a wave length of 14 centimeters. Power output of 165
watts C-W at 55 per cent efficiency has been attained
from one of several tubes built at the University of
Michigan Electron Tube Laboratory. The geometry of
the structure employed in this magnetron results in an
inherent unbalance of r-f potential differences between
the cathode and the anode sets of opposite phase in the
n mode of operation. Experimental results show that
good electronic efficiency is possible even though an
appreciable r-f voltage unbalance (more than 25 to 1)
exists. However, the maximum-current boundary for the
tubes built so far is not as large as it should be with
the available emission. The single-cavity resonator
employed in this tube is cepable of wide-range tuna-
bility, as well as parallel operation of several anode
structures with a maximum of mode separation. The tubes
constructed to date have been of the nontunable variety.
A tunable magnetron of this type is now in the process
of development.
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A NEW SINGLE-CAVITY RESONATOR

FCR

A MULTIANCDE MAGNETRON

1. TINTRODUCTION

A new multianode, single-cavity resonator magnetron designed for
nontunable C-W operation at 14 centimeters has been under investigetion at
the University of Michigan Electron Tube Laboratory.* Power output of 165
watts with an overéll efficiency of 55 per cent and an electronic efficiency
of 61 per cent has been atteined from one of a number of tubes built. C-W
performance data on three tubes and pulsed performance traces for two tubes
are included in the experimental results.

An unbalance (more than 25 to 1) of r-f potential differences be-
tween the cathode and the anode segments of opposite phase (in n-mode opera-
tion) results from the inherent geometry of this new structure. Further
discussion of the cathode unbalance and the related problem of power loss
through the cathode line is presented in Section 7, Cathode Structures.

The single-cavity resonator magnetron, which has been designated
as Model 7, consists of a section of coaxial transmission line excited at
its center by an r-f voltage produced between a system of radial vane
enodes and longitudinal bar anodes. The radial vane anodes extend inward

from the outer conductor of the coaxial line and protrude through slots

¥ This structure was proposed in Technical Report No. 2 (page 50), of
this project.



bounded by longitudinal bar anodes in the center conductor. The cathode
is located symmetrically within the center conductor. The essential fea-
tures of the resonator geometry are illustrated in the assembly drawing
of Fig. 1.1, and a photograph of one of the tubes is reproduced in Fig.
1.2. Sections 3 and 4 of this report deal with the analysis and design
of the resonator.
The Model T single-cavity resonator magnetron possesses certain
advantages over most existing structures. A few of these advantages are:
(a) The resonator can easily be designed for wide-range tuna-
bility.
(b) The dimensions and shape of the resonator can be materially
altered without changing the interaction-space design.
(c) Parallel operation of anode structures is possible with a
maximum of mode separation.
(d) The basic geometry of the structure is readily adeptable

. . *
to external-cavity magnetron construction.

2. INTERACTION-SPACE DESIGN

The region of interaction between the electrons and the r-f
field is located within the center conductor at its midpoint. For n-mode
operation the bars of the center conductor form one set of anodes and the
vanes the other. The design of the interaction space is based on conven-
tional procedures. For the Model 7 tubes the interaction space parameters

are as follows:

* Quarterly Progress Report No. 3, page 56.
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FIG. 1.2 PHOTOGRAPH OF COAXIAL SINGLE CAVITY MAGNETRON



AN = 1lhcm
N = 16 anodes
r, = 665 cm = anode radius
r, = .38l cm = cathode radius
L = .763cm = length of cathode
re/re = 1.75 (1.50 has also been used)
VO = 355 volts
B, = 286 gauss
where:
v = Gﬁﬁ%z r volts (n =Ny (2.1)
° 2e \n\ & 2
B, = %m, (E;;\c) 1 5 webers /meter® (2.2)
1 - (ro/ry)

Typical operation:

n

V. = 3000 volts I 100 ma.

B = 900 gauss P

100 watts

An axial magnetic field is supplied through copper-plated pole
pieces (the parts labeled 1 in Fig. 1.1) which also serve as part of the

resonator cavity.

3. RESONATOR DESIGN

The electrical length of the centrally loaded coaxial-line reso-
nator is one-half wave length, where for the models built in this labora-
tory, A = 1k centimeters. The design parameters of the resonator structure

for operation at a particular frequency are: (a) the capacitance between



the vanes and bars, (b) the inductance of the vanes, (c) the length of
the coaxial-line segments, and (d) the output coupling system. Calcula-
tions of bar-to-vane capacitance and vane inductance are based on two-
dimensional field maps. The field maps themselves are estimated to be
correct to within five per cent. The calculated bar-to-vane capacitance
is probably correct to within ten per cent. The calculation of vane in-
ductance is based on the assumption of a uniformly distribu@ed current
density over the surface of the vene and is therefore only a very rough
first approximation. Flux maps and calculations® based on these maps are
included in Appendix A. Resonator-design equations and the effect of the

outﬁut coupling are treated in subsequent sections.

4., RESONATOR-CIRCUIT ANALYSIS

The following approximate analysis was developed in order to
determine the equations for (&) the resonance frequency of the cavity,
(b) the external Q, and (c) the impedance between the bars and the vanes
as seen by the electrons. The analysis is restricted to & lossless cavity
resonator in the absence of the cathode. A sketch showing the geometry of
the resonator and some of the associated notation is given in Fig. 4.1,

We shall assume that the actual resonator may be represented by
8 lossless transmission line with lumped constant admittances as in Fig.
4.2, Here Yy, is the load admittance transferred into the coaxial cavity;
j&, z%, and 1% are, respectively, the distance of the "T" coupling connec-

tion from one shorted end of the coaxial cavity, the distance measured from

* Attwood, S. S., Electric and Magnetic Fields. 3rd ed., Chapter 7, Wiley
and Sons, New York, 1949.
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the "T" to the right edge of the vanes, and the distance from the remeain-

ing short-circuited end of the coaxial line to the left edge of the vanes.
For convenience in handling, the schematic circuit of Fig. k.2

ig divided into separate components as shown in Fig. 4.3. The admittances

indicated on the diasgrams define the notations used in the equations which

follow.
I‘—_]l —_ -4—£| S
A Ae
N — R
YaB N YAB' | YL N
\ \
Be N B'e-
A3 12—1-4-11—1
B P
; N\
/ ~—Yep YsT— [N \
; T R
/ oD - \
FIG. 4.3
Substituting into the equations for lossless transmission lines,
we obtain

Yo © Yo + J (Yup + Yy) tan Bh (4




Yep 2x 43 ox 2
‘T(;- = = Jcot 2 Ypg = = J ¥ cot x (4.2)
Let Y' = YS + YCD; then
Y Yp - J Yo cot(2nh /N) + 3 Y ten(2np/N) 5 eot on £ (.3)
Yo Yo+ 3 [YL - § Yo cot(enf/N)] tan BE, oo
Let
on L on 2 ox /.

6, = )\ 1, 0, = - 2, 03 = 35 (b))
then
o Y +3Y (ten8y - 1/tan ;) L1 (h.5)
Yo =~ Yo (1. + ten 6,/tan 67) + J Y tan 65 J Tan O3 ) -2

Eq 4.5 represents the normalized admittance of the equivalent circuit shown
in Fig. 4.4, where Y' is the admittance of the coaxial cavity plus load at

the position of the bar and vane structure.

b——0y —>fe——f —+«—§,
¢ ¢
/1
g . N .
/) Y —— Yo N YLz Gt iB
/) . N
/] N
/| ’ 3 N
FIG. 44

We now consider the effects of the vane and bar geometry as em-

ployed in the Model 7 type magnetron. Fig. 4.5 defines the required nota-

tion which is used in the equations.
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FIG. 4.5

Here Ly is the total inductance of all the vanes in parallel,
and C, is the total capacitance between the vanes and bars. The shunt

admittance which is seen by the electrons is:

= Y .
Yshunt - 1 + Jwyl LV + 'ijA * (l""6)

Substitution of Eq 4.5 for Y' into Eq 4.6 and rationalization results in

the expressions given by Eqs 4.8 and 4.9, where

a = tan © b 1 1 b
' @ = g pe b5 i &
b = tan 6, . (4.7)
d = tan 65 7 = (L+3) Y, = G, + JBp ,
Y G (¥ + b B)
o O
G ohunt (4.8)

{:QJLVYO(YOB + aBL) = (Yob/ = bBL)JQ + [wLVYOdGL - bGLje '
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B = wCp

shunt

YOQu)LV EYOBWBL)QWEGLﬂ -Y, [(YO‘('bBL) (Yoﬂ'*aBL) -ab GL2:]

L.
E)LVYo(YoBﬂBL)-(YO% —bBL)]Q + E"LVYOGLa’bGLJE (4.9)

Eqs 4.8 and 4.9 can be given & simpler approximate form by making use of
the inequalities éiven below, which were determined from numerical compu-
tation. The resultant final approximate equations, 4.10 and 4.11, for
shunt susceptance and shunt conductance have been checked numerically
againét the more exact equetions, 4.8 and 4.9, and have been found to be
correct to within three per cent for the Model 7 geometry coupled to a
metched load.
Since
Q@ B, << YpbB

b B, << Y57
and [wLVYOaG'L - bGL]2 c< [wiy¥o(Tpp +aBp) - Yo¥ - N

then GL(a:’ + bB)

G = ' (4.10)
shunt [w LVYOB ] 3(]2

.
2

also, since

(O‘G'L)2 << (YB + ozBL)2

2
QbGy,

< < (Yo7 - BB ) (Y8 + aBy)
bB], << Yob/

and O!BL << YoB ,
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Yo B

then Bshunt E UCA — ((‘)LVYOB - j)

(4.11)

Substitution for the values of a, B, and > into Eqs 4.10 and 4.11, and in-
clusion of the relation (87 + ©p) = 63 , ylelds:
2

Conunt ¢ Orfo° ——o oL L (4.12)
b c03295 wly + (ZO/Q)tan 95]2

2 _ 1
B.shunt - |“)CA Wiy + (ZO/Q)tan 95 . (""13)

Eq 4.13, when set equal to zero, gives the condition for resonance, i.e.,
resonance of the éavity in the absence of the cathode.

To obtain an expression for Qe for the Model 7 geometry, we as-
sume Bshunt varies linearly with wavelength in the region & = “é (see

Fig. 4.6); then

sth>
W (03 = @) = Cgnme (4. 1)
0=y
[o]
or
Ggn de W=y Wy - “% ’
. (o]
multiplying both sides of Eq. %.15 by w /2 yields
oy (dBeh) - ____J%L____ = Q (4.16)

[e}
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Carrying out the indicated differentiation, we obtain

Ly + (93Z0/2u)0) se0295 .? )

(0]
At
EJOLV + (Zo/2)ten GQQJ 2 Cohunt

Q@ = |{C . (4.27)

In the case of a "T" coupling to the output line, it can be shown
that the load admittance is transferred into the cavity at the position of
the "T" with very nearly a one-to-one transformation ratio. The deviation
from a one-to-one transformation ratio depends on the load susceptance.

The deviation for a matched load in series with the reactance of the coup-

ling geometry used in Model 7 tubes is of the order of three per cent. For

the case of the "T" coupling, Eq 4.17, after substitution for Gshunt’ be-
comes
> 2 2
_ 1 (,)OI.vCOS 95 UOCAsin 95
Qe G.si 29 Z 2 ' 2
e 2W.CatLysin 6z cos ©
. 2, 29ladlyein O 21 . (4.18)
Zg Zg

A curve of Q. versus 11, the distance of the "T" from the cavity wall, is
shown in Fig. 5.2.

If we substitute the resonance condition

. 1
“Ca = WLy + (Zp/2)ten 65 (k-19)

into Eq. 4.17 and then let WLy go to zero, ve obtain

20

Wy C
Q = o YA

1 3 (4.20)
e Ggp, | 2

8 in293

+

-
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Eq 4.20 shows the division of energy storage for the Model 7 structure in
terms of the lumped energy storage a%CA . Letting 93 go to zero in Eq

4,20 results in the relation for Qe for & lumped constant circuit, i.e.,

Wo Cp
e Gsh

(4.21)

5. OUTPUT COUPLING

Fig. 5.1 shows a sketch which gives the details of the output
arrangement used in Model 7 tubes. A coupling loop is formed by the length
gl of the resonator cavity and the section of output-line center conductor,
5, which protrudes into the resonator. The position of the "T" junction
relative to the shorted end of the coaxial line, i.e., ll, determines the
relative amount of loading. However, an increase in 1& increases not only

the loading but also the series reactance of the coupling loop.

| “T* JUNCTION
i___ AREA ENCLOSED BY
8 do COUPLING LOOP
1 7 7
' Y ¢
/ ) OUTPUT LINE

FIG. 5.1



16

The reactance of the part of the loop formed by the length ll
of coaxial line is given by X = Z, tan (ani/x). The reactance of the
remeinder of the coupling loop is estimated on the basis of the induc-
tance of a coaxial transmission line of length éﬁ whose outer radius is
Zl and whose inner radius is do/2. The loop reactance is then given
approximately by

o 4
1 =1

ds

on f
o, = Zoten }\1 + .g.sg (5.1)

The impedance of the load transferred to the position of the "T" inside
the cavity (for an output line terminated in its characteristic impedance
Ro) is approximately

Z, - Ry + Jwlj . (5.2)

Fig. 5.2 gives a curve showing the theoretical external Q (see Eq 4.18)

as & function of 4& in per cent of the theoretical external @ of the Model
TA structure. The absolute value of external Q for the Model TA tube has
been calculated to be>160. However, measurements show the actual Qgto be
340, For this reason, the graph shows the relative rather than the abso-
lute Qg, so that this empirical value (340) can be extrapolated to any

distance l&.

6. NUMERICAL RESULTS FOR THE MODEL 7A MAGNETRON

In order to find numerical answers for resonant wave length,
shunt impedance at resonance, and external Q, certain quantities need to
be obtained from the geometry of the resonator, the excitation structure,

and the coupling system. These quantities, which are listed below, were

approximated by employing two-dimensional field plots.
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Ch = 4.88 puf (total vane-to-bar capacitance)

Ly = 122.9 pphenries (vane inductance — 8 vanes in
parallel)

L = 800 #phenries (series inductance of the output-

line portion of the "T" connection)

Listed below are the quantities necessary for numerical solu-

tion of the circuit equations. These values are computed for 14 cm.

e, = 8.1 63 = L7.5°

6 = 39.3° Z, = 2h.k ohms
W = 13.45 x 10° rediens/sec

Y, = 0.0185 - J.00527  (matched 50/ line)
WLy = 1.658 ohms

WwCy = 0.066 mhos

WL, = 14 .29 ohms

Upon solving Eq h.lj‘to find the wave length for which the
shunt susceptance is zero, we find Mes to be 13.95 cm. Since the values
of shunt conductance and external @ vary slowly with wave length, we use
the quantities calculated ebove (at 14 cm) for the numerical solutions

to Eqs 4.12 and 4.18. The results are

1
shunt

g = 1835 ohms ; Q = 160

The experimental values for resonant wave length of the cavity in the ab-
sence of the cathode are 13.864 cm and 13.786 cm for the Model T7A No. 33

and the Model 7B No. 40, respectively. Results from Q measurements give

external Q's of 340 for the No. 33 tube and 230 for the No. 40 tube.
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The disagreement between the two experimental external Q's for the afore-
mentioned tubes is at present unexplainable in terms of the tube geometries
since both tubes have the same resonator dimensions. This discrepancy
will be checked as soon as the tubes are available for measurements with-
out cathodes. The discrepancy between measurement and theory is probably
the result of oversimplification of the circuit used in the analysis. Fur-

ther work on the analysis of the resonator is contemplated.

7. CATHODE STRUCTURES AND THE CATHODE-CIRCUIT PROBLEM

The Model 7 resonator system has been used in conjunction with a
number of different cathodes, a few of which are shown in Fig. 7.1. Fig.
7.1(a) shows & thoriated tungsten bifilar helix cathode, which was used at
an early stage of tube development. Operation with this cathode resulted
in a power loss through the cathode line and poor oscillator performance.
The cathode shown in Fig. 7.1l(b) differs from that of Fig. 7.1l(a) mainly
in the increased diameter of the cathode stem. The enlarged section of the
cathode stem, together with the inner surface of one of the pole pieces,
forms a quarter-wave cathode-line by-pass. This by-pass makes the poten-
tial difference between the cathode and the bar anodes much smaller than
the potential difference between the cathode and the vanes.

The r-f voltage unbalance for the Model T7A No. 33 tube is con-
servatively estimated to be over twenty-five to one. The reactance of the
k/k cathode-line by-pass is much less than the Zp of the by-pass over a
wide frequency renge. The Zy for the by-pass is 4.05 ohms. The ¢apaci-
tance between the vanes and the cathode was computed on the basis of a flux

plot giving a resultant reactance at 1% cm of 204 ohms.



FIG.7.| CATHODES USED IN MODEL 7 TUBES




21

The use of the cathode-line by-pass reduces the power leakage
through the cathode line but at the same time produces the aforementioned
unbalance by placing a low reactance between the cathode and the inner
wall of the center conductor, which,in turn, is directly connected to the
bar anode segments. Fig. 7.2(a) shows the approximate space-charge-free
r-f field distribution which would result from a geometry in which the
cathode 1s at a potential midway between the anode segements of opposite
phase (in the n mode). Fig. 7.2(b) shows the field distribution for the
opposite limiting case, in which the cathode is at the same r-f potential
as the bar anode segments.

Experimental results indicate that it is possible to achileve
good electronic éfficiency (with thoriated tungsten bifilar helix cathodes)
even though an appreciable r-f voltage unbalance exists between the cathode
and the anode segments of opposite phase. The maximum-current boundary for
the tubes built so far is, however, not as great as it should be with the
available cathode emission.

Rather unusuel effects on maximum-current boundary, efficiency,
and wave length are noticed near the megnetic field which corresponds to

the cyclotron field, which is given by

B = 2nf§ (7.1)

It is suspected that this behavior is related to the r-f voltage unbalance
which exists in the interaction space of the structure. Operation is nor-
mal at magnetic fields well above the cyclotron field, as may be seen from
the C-W performance charts given in Section 9, Experimental Results.

Fig. T7.1l(c) shows a nickel-mesh oxide-coated cathode which is

used in conjunction with & modified bar-and-vane geometry. The modified



(a)

CATHODE AT A POTENTIAL
HALF WAY BETWEEN BAR AND
VANE. (BALANCED CASE)

(b)

CATHODE AT THE SAME
POTENTIAL AS THE BARS.
(UNBALANCED CASE)

FIG. 7.2 SPACE CHARGE FREE R-F FIELD DISTRIBUTIONS
SHOWING THE EFFECT OF CATHODE UNBALANCE.
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ber-and-vane geometry (see Appendix B) was designed for the purpose of
achieving a better balance of r-f potential differences with respect to
the cathode. The cathode stem, in this case, was made as small in diam-
eter as possible in order to attain minimum capacitance to the inner wall
of the center conductor.

Another oxide-coated cathode, an assembly of which is shown in
Fig. 7.5, employs a choke and by-pass in the cathode line in order to pro-
vide a high impedance between the cathode and the center conductor. The
cathode stem and inner wall of the center conductor form a quarter-wave
choke beyond which a quarter-wave by-pass is formed by & copper cylinder
closely spaced to an enlarged region of the center-conductor inner wall.
An assembly drawing for this tube (Model 7C) is shown in Fig. 7.4. Pulsed

data were obtained and are given in Section 9.

8. PARASITIC MODES

Experimental data on Model 7 structures employing thoriated tung-
sten cathodes indicate the presence of a higher order mode near 10 cm. This
mode has been identified as & resonance existing in the vane anode segments
similar to the ordinary mode of conventional vane magnetrons. The "vane
mode" frequency is practically unaffected by cavity dimensions and is easily
changed by altering the vane structure. This has been done for the tube
shown in Fig. 1.1. A backing ring, part no. 6, shortens the vanes. The
use of this ring changed the "vane mode" resonance from 1l cm to 9.6 cm
without appreciably altering the li-cm desired cavity mode.

In one tube (Model 7A No. 33), shown in Fig. 8.1, two outputs

were provided: one for goupling to the desired 1lli-cm mode and one for
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coupling to the "vane mode! Thus, by selective loading of the two loops
it was hoped that mode separation could be changed and effects on maximum-
current boundary observed. Actually, the effect of loading does not seem
to be sufficient to bring the two modes into competition. Mode separation
is quite adequate, more than 30 per cent. The tube jumps completely out
of oscillation in one mode before any oscillation is observed in the other.
Data on the "vane mode" are given in Section 9 for one tube.

The tubes utilizing oxide-coated cathodes show the existence of
not only the "vane mode" but also of a number of other modes. Little can
be said about these extra modes until more complete information is avail-

able.

9. EXPERIMENTAL RESULTS

The experimental data reported in this section are not conclusive
but are sufficient to indicate the results achieved thus far as well as the
problems still to be solved. Table 9.1, which summarizes the performance
of the tubes completed and tested up to this time, shows that power outputs
of the order of 165 watts at good electronic efficiencies are attainable
with this inherently unbalanced structure. The C-W performance charts of
Figs. 9.1 through 9.4 show the meximum-current boundary encountered with
tubes using thoriated tungsten cathodes. The reduced maximum-current boun-
dary near the cyclotron megnetic field* is not considered serious, since

operation at magnetic fields far removed from the cyclotron field is normal.

* This effect was also observed on another mesgnetron with the same inter-
action-space design but different resonant circuit. See the discussion
of Model 4 in Section 2 of the interim report of December 15, 1949.
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PERFORMANCE CHART —COAXIAL SINGLE-CAVITY MAGNETRON
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FIG. 9.2

PERFORMANCE CHART -COAXIAL SINGLE-CAVITY MAGNETRON

SHOWING HIGHER ORDER MODES
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However, the maximum-current boundary is, in general, lower than would be
expected in view of the available cathode emission. The question of how
to increase the maximum-current boundary is one of the subjects of another
investigation being carried on at this laboratory.*

A compearison of the performence chart of Fig. 9.3 with the other
performance charts shows the effect of a change in interaction-space de-
gign on the maximum-current boundary. The anode-to-cathode radius ratio
for the tube whose performance is given in Fig. 9.3 1is 1.5, whereas the
ratio for all other tubes built thus far has been 1.75. Since the amount
of data available is very limited, any conclusions based on the comparison
mentioned above cannot be considered as final.

Fig. 9.2 gives the performance for the Model TA No. 33 tube,
showing operation in modes other than the desired 1l4-cm resonator cavity
mode and indicating the degree of mode separation. The lower wave length
modes are both presumed to be "vane" modes.

The effects of heavier load on the operation of the Model 7 tubes
are indicated in Fig. 9.4. The output coupling loop for this particular
tube (Model 7D No. 42) is twice as large as that used in any of the other
tubes. A power output of 165 watts at 55 per cent efficiency was obtained
from this tube at a higher magnetic field and plate potential than those
used for the Mciel TA No. 33. It seems reasonable to expect that the power
output from the latter tube would be greater than 165 watts if it were oper-
ated at the higher magnetic field. Comparison at the same magnetic fields
shows that the Model 7A No. 33, in general, gives more power output, but

at lower efficiency.

* See Technical Report No. 5.
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Oscillograms showing pulsed performence for two different tubes
are given in Figs. 9.5 through 9.7, inclusive. These figures show the
effect of load on maximum-current boundary and also indicate the presence
of spurious modes of operation. The effect of cathode temperature on
leakage current and maximum-current boundary is indicated in the pictures
of Fig. 9.5. The current calibration (25 me per division) is the same
for all oscillograms.

Tubes employing oxide-coated cathodes have been tested under
both pulsed and C-W operation. The C-W power output from these struc-
tures has been of the order of five to ten watts at very poor efficiencies.
Further work with oxide-coated cathode magnetrons is required before any
definite conclusions can be drawn as to the causes of the aforementioned

poor operation.

10. CONCLUSIONS

The Model 7 single-cavity resonator magnetron has been shown
to be capable of producing significant power output at good efficiencies
It is relatively simple to construct, and the resonator can easily be de-
signed for wide-range tunability. The basic geometry of the structure is
readily adaptable to external-cavity magnetron construction ag well as to
parallel operation of anode structures. Resonator shapes and dimensions
can be varied over a wide range without requiring a change in interaction-
space design.

Performance of tubes constructed and tested so far indicates the

necessity of further development in order to attain (a) greater maximum-
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current boundary, and (b) & more complete understanding of the cathode-
leakage problem and the effects of cathode unbalance. These subjects
nay or may not be directly related to each other. The C-W power-output
limitation observed with ‘magnetrons employing oxide-coated cathodes is

of interest and also requires further investigation.
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APPENDIX A

CALCULATION OF Cp AND Ly

The use of field maps for calculations of bar-to-vane capaci-
tance and of vane inductance is considered to be justified, since the
dimensions of the vanes and bars are small relative to the wave length.
The error incurred by considering the field distributions in two dimen-
sions rather than in three dimensions is assumed to be greater than any
field-mapping inaccuracies. The calculated bar-to-vane capacitance is
probably correct to within ten per cent. This is & rough estimate be-
cause the answer is obtained on the basis of two-dimensional mapsf Cal-
culations of vane inductance are based on the assumption of a uniformly
distributed current density over the surface of the vane. This is, of
course, only a very rough first approximation, since the edges of the
vanes looking longitudinally into the coaxial line segments are essen-
tially integral parts of the line terminations. The current density in
the vanes should therefore be greater at these edges than anywhere else
on the surface of the vanes. Although the distribution of current den-
sity is not directly available, we can obtain at least an order of mag-
nitude by the approach used herein until a more detailed study of the

trve distribution can be made.

* Attwood, S. S., Electric and Magnetic Fields. 3rd ed., Chapter 7,
Wiley and Sons, New York, 1949.
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The capacitance is obtained from the two-dimensional maps by

uging the relation:

C - £ Number of squares along an equipotential
Number of squéres along a flux line

(Capacitence is then in farads per meter measured perpendicularly into

the peper.) The inductance is obtained by using the relation:

L = Number of squeres along & magnetic equipotential line
= /o Number of squares along a magnetic flux line :

(Inductance is then in henries per meter measured perpendicularly into

the paper.)

Computations

Vane-to-Bar Capacitance: From the map of Fig. A-1 we have:

C I 7.75 squares (farads per meter of map
- (¢ 2 squares depth into the paper)

The map depth into the paper is equal to the vane height,

which is 0.300 inch or 7.62 x 1077 meter. Then:

Cy = & T1.75 7.62 x 10-3 (farads for one 22-1/2-degree section
1 o 2 of the full sixteen-anode picture) .

We now consider the top and bottom edge capacitance from the map of Fig.
A-2,

Cedgeo = % Zéé (farads per meter of vane thickness) .

Taking half the veane thickness as the dimension required in the
22-1/2-degree section in the map of Fig. A-1, and considering both the

top and bottom edges of the vanes, we get:
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SCALE X20

FIG. A-l

ONE SECTION OF THE MODEL 7A VANE-
AND-BAR EXCITING STRUCTURE.
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_ 7.5 -3 (farads per 22-1/2-
Cedgel = & X 1.5 % 10 degree section)

The total capacitance per 22-1/2-degree section, then, is:
C/section = Cy + Cedgel = 0.305 aupuf

Since there are sixteen of these 22-1/2-degree sections in parallel

for the complete system, we obtain;

Cp = 16(Cp ¥ Cppe ) = B8 st

Vene Inductance: From the map of Fig. A-3, we obtain:

Lo = My BEEEEEEESEE henries per meter of map depth (for l/h of the
-2 8a vane periphery) .

Taking the entire periphery into account, we obtain:

Lo (henries per meter of vane

L = depth into the paper)

Since the vane depth into the paper is approximately 0.200 inch or 5.08

bl lO"3 meter, the inductance for one vane is

Ly, = 5.08x 107 L, = 9.85x 10730 henries

The total inductance for eight vanes in parallel is
Vl .
Iy = -5 - 122.9 muhenries

Note: The distance between adjacent vanes has been taken as the average

for the map of Fig. A-3.
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MODIFIED BAR AND VANE DETAILS
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