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1, MTA Mechanical Design’ Studies

W, M, Brobeck

General Design Progress, At the beginning of the period the general design

of Mark I accelerator was well sestablished &nd principzal remaining work

was on detail design and drafting, The Laboratory engineering group had

the responsibility for reviewing California Research and Development Company's
designs of the tank, liner, water cooling, vacuum system, building and layout
‘and handling arrangements, In-addition the mechanical section was responsible
for the design and procurement of the drift tubes, the oscillators, and in-
jector, The major proportiorn of the engineering and drafting time devoted to
the MTA work ran into these three items, In September approximately twenty-
five people were working on drift tube design and drafting and by November an
equal effort was being put on the oscillator design, The injector has had
four to six engineers and draftsmen on it continuously, In November the total
number of mechanical engineers- and draftsmen on MTA work averaged about forty,

Drift Tube Design, Design of the drift tubes has been affected considerably
by the magnetic forces and desired shape of the stray fields as mentioned in
the last réport., The estimates of the forces has been continually improved

as a result of continuous model testing but have not yet definitely determined
to the accuracy desired, . Additional bolts have been put into the drift tube
stems in order to handle the bending moments due to the magnetic forces,

and in addition, -the: "flux leaders™ intended to shape the stray field near

the surfaces of the drift tube-shells to reduce-electron emission have been
omitted on the first three drift tubes in order to reduce the magnetic forces,
It is believed that with these changes the mechanical design will be adeguate
when the forces are finally known, If not, flux leaders may have to be
omitted from some of the'other”tﬁbes One of the effects of the bending
moment due to magnetic forces in the drift tube stems is to reduce the contact
pressure at the joint betwsen the drift tube and stem, A radiofrequency

test set-up is being built to check the adequacy of this joint in handling

the radiofrequency currents Whlch cross it,

Liner Design, Details of the liner have been prepared by CRDC and reviewed
by the Laboratory, The radio frequency joints between the liner shell and
the end diaphragms have been made extremely rugged as has been indicated to
be desirable from the tests of operation of the one megawatt oscillator
resonant load at the Laboratory, Developments in the design of the liner
from the first conception have increased the difficulty of manufacturing to
the point where a cost plus fixed fee contract has been found necessary for
its construetion,

Current Measuring Target and Precessing Magnet, A preliminary design for

the target to measire and absorb the output beam of the linear accelerator
without attempting to produce useful material has been prepared and has been
studied and modified by CRDC., Target shielding will require nine feet con-
crete compared to seven of the accelerator itself and the active parts of

the target must be handled while protected by five inches of lead, Specifica-
tions for the "precessing™ magnet which sweeps the beam in a cirecle over the

o | /)/;
: ’ \ ‘

*Previous MTA Quarterly Report: UCRL=1009
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face of the target in order to distribute the highly concentrated current
in the beam have been agreed toead the magnet and its power supply are on
order, : . : ‘ .

L-1 Test Facility, During the period a preliminary design of a test cavity -
for the purposes of experimenting with single drift tubes and testing
oscillators was prepared and the detail design was started by CRDC, This
L-1 test facility as it was called was originally conceived of as a test
station for the Mark I oscillators to be used before the oscillators were

“connected to the main accelerator and for check tests after repair work,

For this purpose it would have resembled the B-l1 facility at UCRL, 'However,
it appeared desirable to provide for tests of drift tubes as well as the
oscillators which necessitated much more electrical power, larger tank and
extensive shielding against x-rays, The project had grown to the point that
the estimated cost was almost $7,000, 000 and completion would be around
January 1952 at which point it was felt that the cost and time would be-.

,come so great that the projeet as planned was impractical, It was decided

to drop the L-1 project and in its place to design an oscillator test
facility primarily for Mark II and subsequent oscillators, to make special .
drift tubes for Mark I on which experiments could be performed, and to do
all Mark I oscillator testing required at UCRL or on the accelerator itself,

-Preliminary design of the oscillator test facility to be called L-2 was
~ just starting at the end of the period, -

Mark III Design, During the period preliminary design and cost studies were
made for a cyclotron type accelerator designated as Mark III, Experimental
work had been proceeding for some six months on an electron model which

has given very promising results, It was decided to convert the XC magnet
based on the Oak Ridge Y-12 Beta design to the Thomas type cyclotron to -
study performance of the low energy region of the Mark III accelerator, A

more complete deseription of this XC conversion is given in Section 15,

Mark II Target D681gn,' Very“llttle"wérk has been done by the engineering
group on the Mark II target but this is expected to count for larger portion
of the effort after the first of the year, _

!
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2, Eleetron Model Tests and Wide Aperture Input Investigation

W, X, H, Panofsky

_Eleetron Model, Considerable difficulties weretencountered in the operation

of the Mark I MTA electron model, The reason for the difficulties is the
fact that the same operating voltage properly scaled for electron accelera-
tion is also the eritical voltage for rf loading by electron multiplication,
These difficulties were overcome by grooving the faces of the drift tubes
in order to reduce the geometry for electron multiplication, Also the

~oscillator power was increased to permit operation w1th a smsll amount of

loading present, As a result the electron model is now in satisfactory
operating condition, As a result of this operation the following data have
been obtained: 1) In optimum adjustment the acceptance phase angle of the

- machine is between 150° ‘and 180°, This measurement was made by comparing

the input current with the output current, These phase angle values are in
excellent agreement with the predicted values, 2) The entire aperture of
the linear accelerator input accelerates particles corresponding to the same

' range of phase angles, This point was .checked by the use of diaphragms

across the input aperture, This means that one can conservatively plan
on having the full aperture of the Mark I -MTA available for injeection,

3) The output beam shape of the electron model exhibits the predicted central

core maximum intensity, The beam profile was explored by moving a wolfram
wire across the beam and observing the x-ray intensity as measured on a thin-

.walled Geiger counter as a funetion of wire position,

The only outstanding discrepancy on the operation of the eléctron model
as compared to theory appears to be the magnet currents which are required

to produce optimum pérformance, This descrepancy may be due to the uncertainty .

in the knowledge of the relation of measured currents and fields, This point
is now under investigation, '

Calculations and Model Tests on Wide Aperture MTA Input, Since the principal
"eommodity"™ which one is buying in the MTA is a certain aperture into which

one can inject deuterons to be accelerated, it is clearly of greatest importance
to study the limitations on this aperture, In particular one of the prineipal

parameters defining values of wave lengths for future MTA development would
be the relation governing feasible apertures for avgiven wave‘length,

‘As the aperture is increased the primary consequence is a decrease in

voltage gain of the particle as compared to the voltage gradient in the tank,

However, since the aperture problem is only a serious one for a relatively

short dlstance in the tank, this loss An "pick-up efficiency" is economically

ins1gn1f1cant

Calculations have been made on suitable geometries with increased
entrance aperture and consequent lower pick-up efficiency, The most extreme
model in -this direction whieh has been investigated is an opening of 9.6
in, diameter at 12,2 megacycles frequency, This results in an input plck-up
efficiency of only 15 percent, but the overall increase in length is only 2
ft. One of these large aperture models has been scale modelled, and field
runs indicate agreement with the field vdlues used in the calculations, - The
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principal remaining question is the detailed beam dynamies of such large
aperture accelerators, It is clear that owing to the variation of pick-up:
efficiency with radial position large phase oscillations will be produced
due,to coupling between the radial and phase motions, This problem,calls

for numerical analysis, which is now being attempted with the aid of mechani—
cal computing aids, The feasibility of such increased apertures will rest

on the outcome of these calculations, and model tests in ‘the electron model
These calculations are discussed further in Section 11,

Calculations on Anticipated Mode Troubles Due to Reactive Ion Loading, Calcula-
tions have been made studying the effect of reactive currents produced by
residual ions in the MTA tank, It is concluded that with reasonable assump-
tions concerning sweeping fields and ion production rate that before such
reactive effects would becoms troublesome the purely resistive loading due to

" the agents producing the ions to start With would become excessive

Joint Tester, The design and construction of a test facility permitiing
radiofrequency joints to be tested by a current density of 100 amps/linear
1nch is 50 percent completed, o
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3, Drift Tube Model Magnet Tests

Duane Sewell

Tangential Magnetic Fields, The investigation of. the beam dynamics showed

that 8-1/2 drift tubes are required for the Mark I machine instead of the 7-1/2
that were in the preliminary design., Therefore, the magnets have been re-
designed to provide for the larger number, Also, the investigation of the

rf loading from electrons emitted from the surface of the drift tubes indicates
that it will be desirable to try to retard the motion of these electrons with
magnetiec fields tangent to the surface of the drift tubes, Tests were made

on the 8 magnets with all of the steel return path removed in an effort to

get higher magnetic fields tangential to the drift tube surface, It was found
that the tangential field on magnets 4 through 8 was not 1ncreased sufficiently
by this change; hence, steel cylinders were added to the ends of these magnets
to lead some flux out to the drift tube surface, These cylinders, shown in
Fig, 1, have been called flux leaders, -

.Forces Between Drift Tubes and Magnet Redesign, It was found that the mag- -

netic forces on drift tubes 1 through 3 were too high when a8ll of the stesl
was removed from these magnets; therefore, these three magnets have been re-
designed with steel return paths, It was also found that steel cylinders for“
the inner and the outer diameters of the coil container on magnets 4 through

8 did not appreciably decrease the tangential field or appreciably increase
the ampere turns required, Therefore, to simplify the mechanical design,

these cylinders are being made of stéel Tests to determine the number of‘
ampere turns required for each magnet have been completed and the results

are given in Table I,

Measurements are now ;n progress to determine the forces. between magnets,
TABLE I

“ Ampere Turns Requred for Full Scale Magnets

Drift Tube No, Am.p° Turns

B RS N I IV

,240 x 106

411l :
sgg-

657

,687

695 : -
719 ' '

769
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4, Model Cavity Tests

Duane Sewell

Measurements of Drift Tube Stem Positions, “The'l/lO scale rf model of the
Mark I machine has been converted to 8-1/2 drift tubes, Fig, 1 shows the
cavity resting on 1ts 51de and the drift tubes mounted on lucite stems, '

The optimum poSitions for the metal drift tubewstems have been deter-
mined on this model; the condition for the optimum position is for a minimum
voltage across the outer end of the stem when the stem is perpendicular to
the axis of the machine, The following table gives the final drift tube
stem positions as determined by these tests

Drift Tube Number, " Full Scale Displacement
. . from Drift Tube Center
.. Line . (inches)

1-7/8 £ 5/8

3-3/4

4-3/8 . » .
5-5/8

5 :

4-11/16

2-1/2

1-1/4

e RS WS S I VR
b+ 4+ 4+ 40+ + +

A plus (+) sign indicates a displacement towards the exit end of the machihe,

Cavity Frequency Measuréments, The resonant frequency of the cavity was
measured after the drift tubes were mounted on metal stems, This frequency
was found to be 12,26 megacycles for the full scale machine, :

' The @ and shunt impedance (Zg) f£or this 8-1/2 drift tube model have

,been calculated from the magnetic fleld meéasurements, The following are

the full scale values: (5,8'x 107 mhos/meter was used Tor the conduct1v1ty
of copper) ,

Q = 265,000 :
Zg= 115 x 105 ohms

-Thls gives the following value for the‘power loss in the cav1ty for CW

operation:

27% 2 x 115 x 106

: p, - ¥ - (45x 10 = 8,8 x 10% watts

power lost in the cavity = B : » ' '
total voltage across the cavity, ' )

t

<
nn

K
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The following table gives-a list of the relative losses in various

portions of the cavity:

Losses (Relative)

% Tota
Cavity walls 50,3
Cavity entrance end 13,5
Cavity exit end 10,9
Drift tubes 14,5
Drift tube stems 10,9

Total 100,1

B

Itemized Drift Tube and Stem Losses (Relative)
I - - - *

" DT No, Drift Tube *  Stem Loss

% Total % Total .
0 L3 1.3
1 6 1.3
2 - .8 1.3
3 - .8 1.4
4 1,2 - 1,4
5 1,6 1,4
, 6 2,2 - 1,4
’ Vi 2,9 - 1.4
8 4:1 1,4
14,5 10,9

The actual Q of the 1/10 scale cav1ty was measured and found to be
85 percent of that calculated from the magnetic field measurements
This was somewhat surprising since reasonable care had been used in cleaning
and assembling the cavity, .There was some worry that this discrepancy in Q.
might be caused by concentrated losses; therefore it was deemed advisable to
investigate this matter further, : ‘.

Investigation of Losses, To separate the drift tube losses from the cavity

wall losses, the drift tubes were removed from the cavity and the Q of:the )
"unloaded cavity was ealculated from magnetic field plets, The actual measured

Q of the unloaded cavity was found to be 98 percent of that determined from

._the magnetic field, Therefore, it was concluded that most of the 15 percent.

discrepancy in the prev1ous measurements was assoclated'W1th the drift tubes
and their supports

An effort was made to eliminate the additional losses in the drift tube
assemblies, All of the cracks in the tubes and stems were carefully filled
with soft'soldern They were then copper-plated and polished to a mirror
finish, A ,0015 inch layer of silver was carefully plated on the drift- tubes

-and stems just before they were reassembled in the cavity,. The measured value

of the @ of the loaded cavity was then found to be 93 percent of the value
calculated from the magnetic field plots, From additional tests, it was con-
cluded that this 7 percent diserepancy was caused by dlstributed losses and,
therefore would cause no trouble in-the final machine,
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0 SCALE MODEL CAVITY WITH I26° SECTION

REMOVED TO SHOW DRIFT TUBES SUPPORTED
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5, Linear Accelerator Electron Loading
i,
I Craig Nunan .

Summary, Tests with d.e, voltages up to 70 kv have been discontinued because
the results did not appear to apply in the case of rf voltages of the order of
1 megavolt, 12 me/sec¢ rf tests with surface areas comparable to MPA Mark I
drift tube ends and at 2,2 megavolts (half the MTA gradient) indicate that the
MTA electron loading wil% probably be above 1 megawatt, The surfaces were not
heated or glow discharged but were wiped with rags soaked.in C,P, acetone,
Values of the x-ray intensity obtained in 200 mc/sec rf tests with 0,8 mega-
volts across approximately 1/16 scale gaps indicate MTA Mark I electron loads
ranging from 0,3 to 15 megawatts with the usual value of about 3 megawatts,
The 0,3 megawatt figure was obtained by glow discharging in Freon,

o The 200 mc/sec rf tests with various shaped drift tubes indicate that
the emission is the same function of eleetric field strength regardless of
whether the field is varied by changing the electrode shape or by changing the
gap voltage, However the evidence on this point is not conclusive because of
the large random variation of x-ray level with any particular geomotry,

. Normally the x-ray intensity is independent of pressure, The normal
operating pressure is between 2 X 10-6 and 2°x 10~=° mm Hg, On a few occasions
when the pressure was raised to 104 mm Hg the X-ray intensity inereased by a
factor of about ten, :

Tests with lead collimated electroscopes indicate that 40 percent of the
x-rays come from the end walls of the cavity and 60 percent from the drift tubes,
‘Tests with fluorescént powder behind transparent absorbers indicate that
electrons strike all parts of the rf cavity, but high energy electrons (above
200 kv) are confined to the region within 10 in, of the axis (cavity radius =
19 in,, cavity length = 12 in,), A similar 200 me/sec eavity having no drift
tubes produced x-rays which were eliminated by glow discharge in air but which
gradually returned over a period of two hours; such reduction and return of
x-rays has never occurred in the cavity with drift tubes, even though glow dis-
charging has been almost a standard routine with all tests, However, it is
8t1ll possible that the cavity end walls in the test cavity with drift tubes
may at times in the past have been emitting electrons that produced x-rays,

D,c, Tests, The d,c, tests at voltages below 70 kv and gaps less than 0,1
inch have been discontinued because the d,c, cold emission appeared to be pro-
-duced by & different process than the rf cold emission (see Fig, 1):

As the d,c., voltage is raised; no cold emission is observed until the gap
breaks down; after breakdown the voltage.can be lowered and raised repeatedly
and the curve of logi1p I = K - 1/E is a straight line of about the same slope
- as with rf voltage, If the voltage is again raised to breakdown, and sparking
is allowed to continue for several minutes, when the voltage is reduced ‘below
breakdown the emission is higher by a factor of 10 to 100, From 30 to 150
joules are dissipated with each spark (most of this energy being dissipated in
a 50 ohm series resistor) and the surfaces of the electrodes are cbserved to
become rougher, However, with rf voltage; cold emission occurs without ever
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breaking down the gap and continuous gap breakdown does not change the
intensity of cold emission when the gradient is subsequently reduced to a value
below breakdown, This may be due to the small amount of energy dlssipated in
the rf spark (about 2 joules) .

: With the electric field Kept constant, the d,c, cold emission increases
when the gap (and consequently the breakdown potential) is increased, All of
the curves of d.,c, cold emission current are lower than the lowest curves of
rf emission, possibly due to the larger gap in the rf tests,

‘Surfaces found to. be poor emitters'at d.,c, were tried at rf and were
found to emit as copiously as copper, .

(The d,c, data plotted in Fig, 1 was recorded before the last progress B

.report was Written but is presented here to better illustrate the above remarks,

The d,c, emission density was deteTmined by dividing total current by total

'electrode areas; although the spark breakdowns érupted the surfaces only near

the outer edge of the electrode and the actual field and emission density are
undoubtedly much higher than the values plotted in Fig, 1, The rf emission

density plotted in Fig, 1 is the average over the rf cycle; it should be multi-
‘plied by 3,6 to get peak current density See Fig, 9,)A

12 Mc/Sec Rf Tests, TFig, 2(a) shows the 12 mc/sec system The x-ray intensity
has been measured with a field at the 5 foot diameter sphere equal to half the
field at the MTA Mark I drift tubes, With a 25 percent duty cycle and 2,2 x 106
volts rf the x-ray intensity was 0,05 R/hr at 65 foot radius through 1 inch of
steel, The x-ray attenuation by 1 inch of steel at 2,2 x 108 volts is comparable
o the attenuation by 1/4 inch of steel at 784 kv In the 200 me/sec system the
x-ray intensity through 1/4 in, of steel at a radius of 105 cm (3,45 feet) was
0,14 R/hr due %o 10-6 ampere 4, ¢, emitted from a wolfram needle protruding
through one of the drift tubes with 784 kv across the gap, 10-6 ampers corresponds
to (3,45)2/(65) x 0,14 = 4 x 10~% R/hr at 65 feet radius , 0,05 R/hr at 65 feet
radius corresponds %0 0 ,05 /4x10-4 x 10-6 = 1_25 x 10-%4 ampere average or

x 10~% ampere during the rf pulse, This represents an electron loading of 2,2 x
106 x 5x 10°% = 1,1 kw on the 12 mc/sec system, The area of the inner sphere

of the 12 me/sec system is 4 w (2, 5) = 79 8q, ft. The outer hemisphere probably

doesn't emit significantly, The_emltting area of the curved end of the longer-

- MTA Mark I drift tubes is about 50 sq, ft, Since emission oceurs in both direc-
tions aeross the MTA gap, the total emlttlng ares is comparable to the area of ‘

the 12 me/sec system sphere, If the current increased no further when the

.field is doubled to full value, the MFA Mark I electron loading would be -

47 x 10% x 5 x 10-3 = 0,023 megawatts Using the curve in Fig, 3 which has

the least slope, the eleetron loading extrapolated to MTA Mark I is 0,8 megaé

watts, The solid curve of Fig, 4 has a more typical slope for the 200 mc/sec
system, At this slope the electron loading extrapolated to MTA Mark I is 20.
megawatts, (Sse Fig, 10,) The foregoing discussion shows two things:

(a) It is-mnot pos31ble to extrapolate accurately over 1arge changes in
electric fleld : .

(b) If the MTA Mark I drift tube surfaces are comparable to the surfaces

of the 12 me/sec system, the electron loading may be several megawattis,

The 12 me/sec system has been cleaned With C, P,‘acetone but has noﬁ been
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heated to volatilize oil films, ZX-ray photographs have been made with a pin-
hole camera, The films’showvabout 35 small dark spots corresponding to the
position of the 10 foot diameter hemisphérical. part of the outer conductor,
The system has been operated for several days and the x-ray level remains
fairly constant, '

200 Mc/Sec, R,F, Tests,

(1) Metals, Aluminum, chromium, copper, anodized aluminum, and copper=-
oxide drift tubes had been tried before the last progress report, The list

was extended by trying stainless steel and wolfram, The x-ray level with all
metals was comparable, although the intensity with copper-oxide was a factor of
3 to 5 lower than with the other metals,

(2) Cleaning, ©Stainless steel and wolfram drift tubes were tested before and
after leaching in sulfuric, nitric and hydrochloric acids, The cleaning pro-
duced no effect, :

(3) * Glow Discharge, When copper drift tubes were cleaned by rf glow discharge
in Freon 12 for about 20 minutes the x-ray intensity dropped by a factor of four
to a level equivalent to 0,3 megawatts loading on MTA Mark I (see Fig, 3), Furthe:
glow discharge in Freon 12 made no improvement, Glow discharge with 250 volts

at 20 amperes d,c, was tried, After 5 minutes discharge there was no reduction in
x-ray intensity, Longer glow discharge at 20 amperes produced blackening of the
drift tubes and the x-ray level increased between 10 and 200 times after about.

30 minutes discharge, :

(4) Geometry, The drift tube shapes shown in Fig, 2 have been tried, Representa-
tive curves of extrapolated loading vs 1/cavity gradient are plotted in Fig, 3
Fig, 4 is a plot of j vs 1/Emax where Enax was varied by changing drift tube
shape and the ratio of gap voltage to gap length was kept constant, J =amperes/cm2v
and Epg, = maximum electric field in megavolts/em, Also plotted in Fig, 4 are
curves of j ve l/Emax for copper and stainless steel hemispheres where the drift
tube shape was kept constant and the gap voltage was changed, Note that the two
types of curves have essentially the same slope, This suggests that the emission
per unit area is the same function of electric field regardless of whether the _
electric field is changed by geometry or by total voltage, It also suggests that
practically all of the cold emission is from the drift tubes, However, the

points are scattered too widely to be conclusive and the assumption as to the
emitting area 1s open to question, The emission per unit area was determined by
assuming the emission to be uniform over the hemispherical ends of the 7/32 dia-
meter tips, over the hemitoridal ends of the cylinders and over 0,4 of the hemi-
pherical part of the hemispherical drift tubes,

‘Fig, 4 indicates that if the electric _field were increased to infinity,
the maximum current density would be 2 x 10-3 amp/ecm®, At first thought it would
appear that a cylinder could be made with very thin wall, such that the area of
the curved end would be very small and the total current would be reduced below
present values, The fallacy is that the electric field is also increased on the
cylindrical part back of the curved end so the area for emission is not reduced
fast enough to overcome the increased emission density, This may explain why the
points for 7/32 diameter nipples are so high, The distribution of emission dens-
ity and the total emission have been calculated for cylindrical drift tubes with
thin'walls, approximating the wall cross section by hyperbolas, With this
more accurate estimate of emission density f

\
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distribution over the drift tubes the points still fall on the curve of Fig, 4,

Pressgure, Normally, the x-ray intensity is independent of pressure, However,
in a few cases a pressure dependence has been observed (see Fig, 5), 1In one
‘set of cases the x-ray intensity was constant &t pressures from 20 x 10-6 mm Hg
to the transition value and a factor of 10 higher for pressures from the transi-
tion value up to the point of glow discharge, This was independent of electric
field and was the same for air, argon, oxygen, helium and hydrogen, It was
roughly the same for copper hemispheres and for stainless eylinders and the
transition from low to high x-ray intensity occeurred as the pressure either
increased or decreased through the range from 70 to 100 x 10-6 mm Hg as measured
with an ion gage, In the case of stainless steel hemispheres with a 15 inch
diameter copper sheet between them to halve the electron path length, the
transition was more abrupt and ocecurred from 45 to 52 X 10-6 mm Hg, In a later
set of experiments mercury was placed in a flask attached to the vacuum system
and kept cold by liquid air, When the mercury was vaporized by heating, the
x-ray level did not changé, Freon was introduced and the x-ray level did not
change, Then an x-ray intensity vs pressure run was made and it was found that
the x-ray intensity increased linearly with pressure from 48 to 86 mr/hr as the
pressure was increased from 35 to 60 x 10=6 mm Hg, Mercury was again vaporized
and the x-ray level varied from 31 mr/hr at pressures between 230 and 100 x 10~
mm Hg to 320 mr/hr at 90 x 10-6 mm and back to 60 mr/hr at pressures between

70 and 45 x 10-6 mm, Afterwards several curves were run raising the pressure
by letting air intc the system and the x-ray intensity was always a maximum at
about 100 x 10-6 mm, falling off at higher and lower pressures, The lowest
pressure obtainable at the time was 30 x 10-6 mm, The system was heated to
pump out the mercury, then the system was opened and cleaned, The pump oil
(Litton oil) was replaced with Octoil S, Sinece that time the x-ray intensity
has been independent of pressure, even though an effort has been made to repeat
the original conditions by introducing mercury and freon, With the Octoil

S pump oil and with more correct adjustment of pump heating power pressures

of 106 mm Hg have been obtained, whereas, normal operating pressure had
previously been about 20 x 10=6 mm, The x-ray intensity was not reduced by

the improvement in vacuum, A glow discharge usuelly starts at about 200 x 10-6
mm Hg so it seems possible that the x~-ray dependence upon pressure is connected
with the preliminary phases of glow discharge, :

Heating, Stainless steel cylinders with 1/8 inch thick wall were heated to
bright red heat (about 1200°K) by d,c, electron bombardment from a wolfram
filament placed between the cylinders, The filament was removed, rf voltage
turned on and the x-ray intensity was observed as the cylinders cooled from
cherry red { ~1100°K) to room temperature, The x~-ray level remained constant,
indicating no thermal emission, In this case, heating reduced the x-ray level
from 6,5 to 1,7 megawatts electron loading extrapolated to MTA Mark I, In
general, heating the drift tubes for about a half hour to 300°C for copper

and 800°C for stainless steel has no effect on the x-ray intensity, Occasionally
the intensity is increased a factor of 2 or 3 and more often the intensity is
reduced a factor of 2 or 3, Further heating mekes smaller changes and the
lowest loading obtained by heating repeatedly was 1 megawatt with copper
hemispheres, The usually level aftéer repeated heating is about 3 megawatts,
and this value is often obtained with no heating, The rf cavity has never been
heated, only the drift tubes, .
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Origin of X-rays, Fluorescent powder was blowh on the end walls of the

200 mc/sec rf cavity and various thicknesses of polystyrene sheet were placed
over the powder to determine incident electron energy by range, The powder
fluoresced behind 0,020 inch polystyrene out to a radius of about 10 inches
when the gap voltage was 750 kv between hemispherical drift tubes, The rest
of the end wall fluoresced behind 0,002 inch polystyrene and the cylindrical
part behind no absorber, Fluodrescent powder was glued to a quartz rod running
across the cavity half way between drift tubes, = The powder fluoresced over the
whole length of rod but a single layer of scotch tape stopped. the fluorescence
everyplace except within a radius of about 2 inches from the ecavity axis; a
layer of scotch tape also stopped the fluorescence everyplace on the end walls
and everyplace on the drift tubes except the hemispherical fronts, The quartz
rod cast a shadow in the fluorescence on the drift tube fronts, The highest
gap voltage used when the quartz rod was in the cav1ty was in the cavity was
about 300 kv,

A lead collimator was built with two slots, each 1/2 inch wide, 16 inches
long, and 12 inches high with an electroscope at the back of each slot, The
slots were perpendicular to the cavity axis, arranged so that one electroscope
measured x-rays from one end wall of the cavity and one electroscope measured

- x-rays from part of the face of one drift tube, Fig, 6 shows the arrangement

and the width of view for each slot at the cavity axis, The  end wall produced

1100 mr and the drift tube face produced 170 mr, The total radiation with no

collimation was 1800 mr, which is probably a factor of 3 too high because of
scattering from the vacuum tank surrounding the rf cavity, Thus, the 200 mr
from two end walls plus 340 mr from two drift tube faces probably constitutes
almost all the x-rays, , v

A lead collimator was built consisting of a series of 9/16 inch diameter,
16-inch long holes with an eleetroscope at the end of each hole, The holes
were 2 inches apart ald were arranged perpendicular to the cavity axis, Each
electroscope had a field of view 1-1/2 inch in diameter at the cavity axis,
Fig, 6 shows the electroscope-readings, There was 160 mr from the tip of each
drift tube, 30 mr from the center of the gap (due to overlapping of view of
adjacent electroscopes, and about 10 to 20 mr on each of the other electroscopes
(some of this being x-rays from the drift tube faces and end walls which are
scattered in the vacuum tank wall at the front of each 9/16-inch hole),

Random Variation of X-ray Level, The 12 mc/sec rf system has been run for

days a few hours at a time with only a few percent change in x-ray intensity,
The 200 me/sec system has been run at constant voltage for as long as 16 hours
with the order of ¥ 30 percent change in x~-ray.intensity, However, when running
voltage up and down to obtain the X-ray intensity vs voltage relation the curves
occasionally do not repeat within a factor of ¥ 3, Usually the points forming
a single curve fit a straight line within a factor of ¥ 40 percent in current,

Unloaded Cavity, A new 12 inch long, 45 inch diameter rf cavity without drift
tubes was installed, When it was first excited the x~-rays were observed as
indicated in Fig, 7. Glow discharge in air for 10 minutes eliminated the x-
rays except at fields above 38 kv/ecm, After an hour of continuous running

the x~-ray intensity (at 21 kv/cm) began to rise, Glow discharging again in
air for 10 minutes eliminated the x-rays (except above 38 kv/cm), but they
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returned a%ter‘a few minutes, rising slowly for 90 minutes, then remaining
fairly constant, (See Fig, 8,) The cavity was taken apart, cleaned with a ,
- metallite sanding disk (92 percent alumipum oxide, 8 percent iron oxide) and -
then with €, P, acetone, The x-ray intensity was about the same as the first
time the cavity was assembled, Glow discharge in Freon for 1 hour did not
reduce the x-rays, Glow discharge in air for 20 minutes eliminated the x-rays-
again at 21 kv/em, - ' :

The lowest gradient at the end walls of the unloaded cavity at which
x-rays were observed was 16 kv/em, The maximum gradiént ever obtained at the.
. end walls.of the cavity with drift tubes was 14,5 kv/em, Similar disappearance
with glow discharge and return of x-rays was never observed in cavities with
drift tubes, : -
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6, Mark I Radio Frequency Equipment
Design and Development Program
W, R, Baker

Status-of'Pre-exciter,.”Plans"for a lossy element type pre-exciter have been

laid out and detailing is underway, The general system has been successfully
modeled as previously reported, . R

. A new system has been recently proposed, however, and the hope is that
model work now in progress will show it to be superior to the lossy element
method, The new system will use an rf amplifier-limiter that picks up the
cavity frequency present at the ion lock ‘point and raises it to a level to drive-
the pre-exciter power tube directly, This system should be much more efficient .
and easier to operate, . : ‘

! The general pre-exciter system now involves a sub-excitation (low level
d.e,) of approximately 3 kv on the main oscillator, This is maintained con-
tinuously, A pulsed pre-exciter is then fed into a large rotable loop such that,
when the rf level comes up enough, the sub-exciter takes over and the loop then
turns to a position where it intercepts zero flux, With the sub-excitation
started the main pulse can be applied at will, ' ' : : v

Status' of Cluster Oscillator, A six tube 50 kilowatt model of the cluster
oscillator has beeh built and operated successfully at low load, Further

tests involving a full resonant type load will be made on the Building 52

cavity when time is available This system looks very practical

Status of ReSnatroh, Plans for a vacuum furnace to do the copper brazing on a
full size 12 mc Resnatron have been completed and actual construction should
start soon, Experiments on a model of the eleetrode arrangement proposed have
been delayed several timss by insulator failure, An improved electrode arrange-
ment and insulator system will be ready soon,

Status of MTA Protective Eguipment, Preliminari design is being done on the
anode current chassis, tank rf crowbar, "and control chassis for the program
bias supply, The circuits common to the program bias interlock, rf interlock,

-and rf permissive interlock are being tested, ~ A l-channel rf interlock of the

new type has been working in Building 52 for several weeks,

Diagrams for the H V., Divider resistor bank, simplified peak-reading '
voltmeter, and program bias powser supply with transformer specs, have been
develeped The peak-reading voltmeter is in drafting, the program bias power
supply is ready to g0 to drafting, Transformers for the program bias supply

.are on order with Electro for delivery early in February, The parts list for

the remaining items are being checked and those not stocked locally will be
ordered, . . _

Status of Rf Program° The grounded grid oscillator for use on Mark I has

béen operated under one megawatt resonant load conditions over a peried of about
two months, At present, it is giving an efficiency of 78-80 percent and opera-
ting at 17,5 kv anode voltage, The resonant load was pressurized with 15 pounds
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of a nitrogen-freon mixture for the initial tests but has recently been
evacuated and the problems associated with ion-lock and vacuum "crow bar" pro-
tection successfully solved,

Problems now receiving attention include x-ray shielding, better vacuum,
and a parasitic at 100 mc that occurs only under.ion-lock conditions,

Oscillator No, 4 "the RCA A2332 system has been completed and is ready
for test when the- resonant ‘load becomes available,
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‘Osc¢illator Production Status

J. C, Kilpatrick

Main Oscillators, All electrical components are on order for nineteen main

oscillators and two pulsed pre-exciter oscillators,
, Filament and interlock circuits are completed for eighteen main oscil-
lators, " Equipment layout drawings are beihg  prepared by CRD,

Pre-Pulse Power Supply, Two pulse lines each rated 3 megawatts'and 2,9 milli-
seconds will be used to supply plate power to the pre-exciter output tubes,

The pulse line capacitors are out for bids,

Two rectifier transformers are on hand to make a four ampere forty
kilovolt charging supply, :

‘Water cooled (GL 562) réctifier components have been ordered from
Oak Ridge Work 1s progressing on controls and auxiliary equipment
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7. Mark I Power Supplies and Mark II.Power Plant Design

@, M, Farly

Oseillator Plate Supply, Details of the control and protective system were
considered in discussions with Dr, Dunlap of the GE Company, Notes regarding
changes were issued byrUCRL and by.the GE Company,

. Discussions were held regarding changes that might be required for
continuous operation of the recitifier, It was determined that it will be
possible to add. 7500 hp of additional motor capacity to the motor generator
set to bring the average motor rating up to the average rectifier rating,

Magnet Supply. California Researph Development has all necessary information,

..Bias Supply, The arrangment of radiofrequency. by pass and surge control

apparatus was approved, and details concérning the physical arrangement of
the equipment were decidsd in joint discussion with California Research Develop-
ment and the manufacturer,

Emission limiting devices have been added to the bias output eircuits,

.Schematle drawings for the three units are complete, All components are on

order,

. Beam Precesgor, The method of controlling and regulating voltage was decided,

Details of protective interlocking were also determined,

Sub Exciter, This equipment orginated and specifications were prepared in
the current report period, As a result of experimental data which became
available the power requirements were increased Bids are due on the revised
specifications in December,

Injector.Supply. (100 kv, 5 amgs) This supply was also specified in the

"ecurrent period, UCRL requirements weére incorporated in California Research:

Development requestsd for bids, Replies are due in December, According to -
present estimates, delivery promises will be unfavorable, As =& result, this
unit will dbe a critlcal item,

. .Mark II Power Plant Design, Phases of the Mark II power plant design were

brought out in discussions between members of the Electronics division and
technical representatives of the GE company and the Westinghouse Electric
Corporation, The results were communicatéd to CRD in verbal discussions,

and later amplified by visits from technical representatives of the above two
companies, It is apparent that carefil engineering planning will be required
to eo-ordinate the characteristics of'proposed loads with the characteristies
of typical power plants, Upon selection of a site for .Mark II a definite.
engineering study of the power plant d351gn should be underteken,

Typic¢al problems requiring solutlon°
1, Can conventional generating equiﬁment"be used with proposed pulsed

2, What effect does load fluctuation have on boiler and turbine design?
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How isturbo-alternator rating affected by réctifier harmonics?
Should synchronizing ties be used between generating units?
What percentage load will be dropped by oscillator protection

O W

deviées
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8, Status of Mark I Control Equipment

J, C, Kilpatrick and Vern Denton

Control Room, The mechanical details of providing a foundation floor for the

rack arrangement regquested by the laboratory has been turned over to Standard

0il Engineering for detailing, A small start has been made toward laying out

basic equipment on the control console, Fabrication of rack units is progres-
sing with over 50 percent of the double racks delivered to the stores depart-

ment for storage in Livermore, The console design was finished and delivered

to the mechanical shops for fabrication,

Monitor Room for Oscillators, The preliminary flow diagram for the oscillator
monitoring was completed and work is progressing on the units, A prellminary
floor plan of the ared was presented to Berkeley and to CRD for comments,
Access to and from the area has been discussed .with CRD and Rogers Englneering,

The general progress of the control system over the past three months has seen
more general work turned over to CRD for their detailed handling, Rogers Engineer-
ing is handling several detailed jobs.for them, UCRL has been overseeing the
method and philosophy. of controls with S,0,E,, Rogers, and CRD, Preliminary
control outlines have been turned over to CRD, Berkeley on the Program Bias
System, Systems for P,S, 2,3,4, and the detailed work on the final prints
for the oscillator controls and interlocks, "The past three months has seen
a large amount of indoetrination of out31de personnel .into the UCRL methods and

reasons for wiring systems,

Standard Panels and Components, The orders for general standard panels and
components was given to the mechanical and electrical shops during the past
.period, Work is progressing on these units with partial delivery on a few
items to date, 'Special equipment will be requlred which is not on order or
even designed as of now,
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9, Mark I Ion Source Electrical Equipment

‘H, N, Owren

Introduction, The electrical equipment neéded for the operation of the ion
source consists’of a group of power supplies, controls, and metering devices,

This equipment is in the process of ¢onstruction or procurement and is
to be installed in Building 51, The majority of the power supply equipment
will be located in a building which is to be constructed adgacent to Building
51 opposite bay 16, (Cooling tower area,)

Fig, 1 is a bloek diagram of the power supplies and their relative
cireuit locations,

100 kv de Power Supply

“Input: 2400 volts 60 cycle 3 phase

Cutput: Volts de - 0-100 kv - adjustable

Amps d¢ (average)~ 3.5 -

- Amps dc¢ (max peak) - 5,0

Min, pulse width = 4 x 10‘5 secs

Max, pulse width ~ 50 x 10-3 secs or continuous
Repetitlon rate (max_ ) - 15 pps,

Fig, 2 is a block diagram of the 100 kv supply, The pulsing of this
supply is accomplished by switching the 3 phase primary on and off with an
ignitron contactor, This primary switching, K introduces some problems as the.
transformer inrush current may be many times the normal full load current,
By proper phasing and timing of the "on pulse™ this inrush current can be
reduced to a safe value, This supply was mbdeled using thyratrons and a 240

. volt 3 phase supply circuit, Because the exact impedance characteristics of

the power supply components are not known no attempt was made to scale the
model, It was used, however, to verify our analysis of the circuits, The
model illustrated thatfthe inrush could be as much as 50 times normal current
if proper precautionswere not taken, As was expected, we found that if each
successive pulse was started at the same relative phase position as the pre-
vious pulse stopped there was no excessive.inrush current, It was also found
that if approximately 5 percent of normal exitation was left on the trans-
former primary by shunting the switch tubes with resistors, the inrush was
reduced to normal current, The model also illustrated that if the pulse was
turned on at essentially the normal current -zero point the inrush was not
excessive, It is this latter method of timing that will be used as it requires

only that the pulse gate be phased properly with the line supply, It is possible

that the full scale supply will have characteristics which will prove this
method to be inadequate, If this is the cdse, the first method can be used
with only a modification of the pulse timing circuits

As it will be noted from Fig, 1, the source and most of the supplies
have one side elsctrically common to the lOO kv supply, These supplies are

-~
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mounted in cabinets with smooth exteriors so as to be freé from corona, The
cabinets will be set on insulators and the cabinets and supplies will be at

the high voltage accelerator potential, This requires some method of supply-
ing power for the other units which may be at 100 kv potential with respect

to ground, Special insulating transformers have been ordered which are designed
to withstand the 100 kv pulses, Because of the nature of the source and its
tank sparking, the class of insulation specified for these insulating trans-
formers is higher than ohe would normally use for 100 kv de, The transformers
are being designed to withstand 275 kv rms 60 cycle for one minute, All trans-
formers are to be tested at 250 kv rms 60 cycle for one minute before delivery,
These transformers are oil insulated and are double shielded, The high voltage
shield will be connected to the 100 kv potential, .

Arc Supply

Input: 480 v 60 cycle 3 phase

Output: O - 600 volts de
100 amps de
continuous or pulsed, The pulse conditions are
the same as the 100 kv supply except as noted
belowa

, The arc supply is an ignitron reectifier (Six phase, delta, double way
circuit), This supply is also pulsed and model tests indlcate that the minimum
pulse length is approx, 2 x 10=° sec, This supply is rated for continuous-
operation, Model testing of this circuit did not indicate that the on pulse
would have to be timéd with respeet to the supply power voltage, .This will
allow the arc pulse to be turned on at any desired time, The controls and
general construction of the unit are the same as that for the ignitron con-
tactor,

Filament Supply and Magnet, Supply, The filament Supply (12 volts dc at 1000
amps out) and magnet supply (60 volts dc at 600 amps out) are dry disk type
rectifiers of convential design, These supplies are mounted in corona free
cabinets and will be at the 100 kv potential, The input will be 480 voli

3 phase 60 cycle, :

.30 kv Supply, This supply is a six phase double wye rectifier of conven-

tional design, It is rated 0,2 amps de¢’ output continuous, This unit is also
mounted in a corona free cabinet and sets on insulators

Heater power for the palladium leak and other miscellaneous supplies
needed at the high voltage level are provided in a like manner,

Controls, The power supply controls and“métering are done on the line side

‘at ground potential, This allows conventional Radiation Laboratory practice

in control ecircuits and metering°

The trigger system consists of a e¢ircuit which supplies pulses scaled
from the 60 cyele line, This trigger c¢ircuit provides signals for the scope
sweeps etc, as well as the signal for the gate pulse circuits, When this
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system is used with the Mark I accelerator the initiating pulse will come
from the pre-pulse put out by the main oscillator plate power supply (P.S,
No,l), The gate pulse circuits gate the trigger signals for the ignitron
contactor and the arc supply rectifier, This gate cireuit -has a built in -
delay to allow scope sweeps to start before the power pulses and to time the
‘power pulses of the arc and high voltage supplies,

A eircuit is provided for tuning off the trigger circuit in case of
over lecad on the dc side of ths lOO kv supply, This e¢ircuit uses a push-
button reset, No automatic reset is provided at this time but may be added
at a later date )

Telemetering, Some‘of the signals which need to be monitored are at the 100
kv potential, ‘ - L

‘ Means of bringing this signal ‘down to ground potential will be pro-
vided, One method under development and which has completed preliminary test-
ing consists of a carrier frequency of approx, 500 ke which is frequeney ,
modulated by the signal being monitored, This signal is picked up at ground
rotential by a shlelded loop whiceh is inductively coupled to a like loop at
the transmitter, Tests indicate that suffic¢ient signal is transmltted with
the loops separated by three feet of air space, The frequency response of
this system will be in the order of dec to 10,000 cps with an overall accuracy
of approx, 2 percent, Other methods of telemetering signals are also being
investigated, : :

Present Status of Ion Source Equipment,

Building 16

Cathode Investigation - Electrical equipment for the cathode investi-
gation program was installed, New monitoring circuits with recording
instruments have been recently installed :

Low Voltage Ion Source - A new supply to give 50 kv acceleration in-
stead of 15 kv was installed

‘D.ec, Ion Source - This equipment has been operating with only some
changes in the beam monitoring equipment, A one ohm pulse line is being
constructed to supply a lower impedance source for the are,

Building 51

1, The building to house power supply components is secheduled to be\
completed in December, 1950,

. "2, The enclosure in Building 51 - "C" area is approx, 75 percent
complete, : :

3, The racks were 1nstalled in the control room and wiring started,

i

. The d651gn and drafting of the UCRL built equipment was completed,
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About 60 percent of this‘equipment will be constructed in December and the

remainder Scheduled for January, 1951,

5 Approximatléy“?S”percentmof the electronic control chassis were

L]

constructed with the remainder scheduled for completion in December, 1950,

. 6, No High Voltage insulating transformers have been delivered, The
manufacture of these transformers has completed the transformers except for
bushings, These units are scheduled for delivery in December, 1950,

7. The 100 kv supply is scheduled for delivery the first part of
December, 1950, : ‘ . . '

- 8, Approximately 90 percent of the material needed for UCRL built
equipment and installation has been receii.ved‘°
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10, Ion Injector Deveiopment

E, J, Lofgren

Introduction, This report covers the ion injector development to dbout

the middle of December and is a continuation of Seetion 6, UCRL-1009,*

To avoid repetition it will be assumed that that report 1s available to

the reader and a general Statement of the injector problem will be omitted,
No further work has been done on thé Calutron Type Source, MNost of the
work has been done with the magnetically collimated, high voltage linear
type source, generally called the high voltage source, It is depicted

in Fig, 3, reference A, It has been run in ‘two modes, i,e,, with and with-
out focusing potentials as will be described below, A subsidiary investi-
gation of cathodes has been carried out, and a preliminary investigation
has been made of another injection system characterized by repeated accelera-
tion of the ions through grids with a few kllovolts across them,

. It was once hoped that the £irst model of the plant injector would
now be under test, Actually, it cannot now be completed before February,
The governing delays have been procurement and design of electrical equipment,
In view of this delay a description of the unit will be deferred to the next

quarterly report,

High Voltage Source,

Modes of Operation, As originally operated, the ions are focused after
extraction from the source by a deceleration and subsequent acceleration in:
electrodes Eg and Ez, This scheme lends itdelf nicely to radiofrequency
modulation as deseribed in A, However “without modulation a simpler mode of
operation becomes possible, An arc drift space at arch chamber potential
(ground) is provided in the diverging field outside the magnet, then there
is a single acceleration to the required high voltage, This is provided by
simply grounding electrodes E; and Eg, (see Fig, 3, reference A) and applying
a negative voltage te E3 only, The arc plasma protrudes through the are

_aperture, diverging with the magnetic field to the equipotential boundary

at whiech the plasma electrons are turned back, This surface will be inside
B2 and concave towards Ez and ions drawn from it will tend towards a focus

at the collector, Adjustment of the plasma boundary, hence the focus, is made
by adjusting the arc density and the magnetic field, Beams have been about
three times larger with the drifting arc mode than Wlth focusing lenses,

Beam Measurement ahd Magnitude, A new collector cup has been put into
service, It is a deep shielded cup, the base of which is a copper plate with
a thermocouple and calibrating heaters imbedded, allowing simultaneous measure-
ments of the current to the cup and the temperature of the plate, The struc-
ture is shown in Fig, 1, The temperature can be related to energy dissipated
in the collector by means of the calibrating heaters From that data, the
final accelerating voltage and the duty cyele the beam current can be computed,
As usual a transverse magnetic field of about 200 gauss is provided to suppress
secondary clectrons and provision. is made to bias the inner cup ¥ 500 volts
with respect to the outer shield, All beam measurements are made with +500 volts
on the cup unless otherwise stated, The bias effect, which is the increase

* This will be known as reference A,
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in apparent beam as the bias is changed from + 500 volts to - 500 volts divided
by the beam measured at + 500 volts bias is about 40 - 50 percent with this
cup, If no magnetic field is used the effect is 300 - 400 percent,

Additional experiments have been carried out with a beam transformer,
that is a permalloy core about 6 inches in diameter through which the beam
travels and a secondary winding, The induced e m,f, in 'the latter is in-
tegrated by a resistor to give the current, It has not been possible to
get agreement with the directly measured beam, In general the induetion .
measurements are high by 30 percent to 100 percent and depend upon the relative
location of the transformer and collector cup, The disagreement is certainly
due to secondaries and even if not corrected the transformer would still be a
useful relative measure of the beam into the linear accelerator,

In operation with focusing potentlals the largest beam obtained at 20
inehes from the source magnet has beén 1,0 ampere peak with approximately 1/1000
duty ecyecle, The operating conditions which are typical for high level perform-
ance are given in column 1 of Table 1, Using the new collector there is good
agreement between the electrical measurement of eéurrent and the beam as
calculated from the heating of the back of the cup although simultaneous
electrical and thermal measurements in the first mode of operation were not
carried out with'a 1 ampere beam, In one case 650 ma and 670 ma were the
electrical and thermal measurements respectively, The agreement to better
than 10 percent is fortuitous, :

In the second or drifting arc mode of operation the highest measured

-beam at 20 inches has been 3,0 amperes, -In-this case a thermal measurement

was also made and indicated a current of 2,8 amperes, The chief operating
variables are listed in column 2 of Table 1, :

It should be remembered that all this work is donme at a 1/1000 duty

eycle and that these currents are total hydrogen ions, No further work has
been done on analysis but from the experiments described in reference A and

from other experience we believe the beam to be from 70 to 90 percent’ protons
There may also be a reduction to about l/JF_—when deuterium is used due to
the greater space charge, On the other hand when higher voltage is available
a large increase in beam is expected since the beam varies approximately
linearly with voltage in the range of operation at a rate of 600 to 800 ma .
per 10 kilovolts, At full duty cyecle the beam will not be limited by avail-
able current but by the cooling and sputtering of the component parts of the
injector,

-Beam Focus, The new collector cup has an opening 4 inches by 4 inches
and shutters which can be uséd to reduce this area any desired amount, This’
is shown in Fig, 1, The distance of the collector from the source magnet,
distance D in Fig, 3, reference A, can be varied from 16 to 36 inches, These
funetions permit an 1nvestigatlon of the quality of the foecus,

At a given distance D the focus can be determined by measuring the beam
as a function of cup area, Typical data are plotted in Fig, 2, in which

" both curves A and C were taken with drifting arc operation under essentially

the same condition except that in A the beam is 1200 ma and in C it is 2900 ma,
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TABLE 1

Beam at 20 inéhes from source magnet

Ratio: Total current
Beam current

I " UCRL-1137

1

5.8 x 1075 mm

1-1/4" diameter

Phillips
325 volts

3.5 microns of
hydrogen

55

80 kilovolts

" 25 kilovolts

60 kilovolts

2000'gauss

1,0 ampere

.Best values
usually 3 - 4

2

16,7 x 10°° mm

3 turn spiral of

. ,125" dia wolfram

"5 volts

21 microns of
hydrogen '

150 amperes

0

52 kilovolts
1200 gauss

3,0 amperes .

3-1/3 i
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and curve B is older data taken with the use of focusing potentials, E; and
Eo, We see that both systems of focus are comparable and that 90 percent of
the beam falls into an area corresponding to that of a hole about 3 inches
in diameter, '

We have adopted 20 inches as the standard distance from the source
magnet to the collector opening because that is about the minimum distance
at- which it is physically possible to place a source of this kind from the
center of the first accelerating gap, The variation of the beam with this
distance is given in Fig,6 3, Curve B is typical of operation with a drifting
arc, Curve A represents a Special circumstance in which an arc drift space
of 3 1/2 inches was provided followed by electrodes By at 76 kilovolts, By
at 30 kilovolts and Egz at 60 kilovolts, This may be a promising system to-
investigate further since it gives the best beam vs, distance characteristic
but the current' is only one-half that of drifting are¢ alone,
Electrode Geometry, There have been no important changes in optimum '
arrangement of electrodes in the first mode of operation since the last report,
In the drifting arc mode of operation the first runs were made by simply
grounding El and Es, There have been variations since then resulting in the
present simple geometry, (see Fig, 4) which has given 3,0 amperes, It seems
to make no difference whether the drift space is closed or has openings to
- reduce the gas pressure, The accelerating gap also is not sensitive to changes
as long as it is not so small so a8 to cause sparking, As the drift space,
b in Fig, 4, is varied there is a flat'optimum at 8 to 11 inches, If it is
reduced to 4 inches the beam is only 1/3, This space is requlred to permit
" the arc plasma to blow up to “the full electrode diameter

Thevarc aperture has consisted of 48 holes each 0,120 inches in diameter
in an annular array of 3/8 inch insidé and 1-1/4 inch outside diameter, In
" this period enough work has not been done to say. that it represents a real
optimum, ‘however there is no increase in beam if an additional ring of holes
is added and there is a reduction of bean to-20 percent if a single 1/2 inch
diameter hole is substituted,

A grid is necessary at the high voltage side of the accelerating geap,
to cut out the defoéusing half of the electrostatic lens, Without the grid
the beam is only 250 ma, .The grid wires are usually 0,020 inch tantalum wires
or 1/16 by 0,010 inch ribbons spacéd 1/4 inch apart, Any incréase of spacing
reducés the béam, Some experiments were made with curved grids, While not
wholly eonclusive i1t seemed that the beam could not be inereased nor could
the focus be improved at 20 inches, but with a grid convex towards the source
the focus could be brought closer to the source,

It may be necessary to inject ions at an angle to the axis of the linear
accelerator so that back bombarding ions can be Kept out of the source, To
investigate this possibility the accelerating electrodes were cut so that the
gap made an angle of 12 degrees with the axis, The beam dutifully deflected
by the same angle without great.distortion of the focus, -~
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Arc Cathode Development

General Program, Most of the development of the ion injector up to~
September, 1950, as mentioned in reference A, was conducted using directly
heated tantalum cathodes, Typic¢al of such cathodes was a flat spiral of
.3/16 in, tantalum rod, This _cathode, when operated at the temperatures
required to sustain the arc, i,e,, T 2300°C, was quite weak and easily dis-
torted in the strong magnetic field, In addition, the'rapid embrittlement of
these filaments, due to the formation"of tantalum hydrige, further reduced
their life, The surface erosicn of the emitter operating under bombardment
by high energy negative ions and electrons at these temperatures is not
negligible, Accordingly, an investigation has been undertaken to seek other
cathodes which, when operating in the-arec, have properties such that they will:

"1, Emit uniformly from a continuous surface of tens of square centi-
meters to give effective illumination of arc apertures

2, Yield high specific emission,

3, ‘Continue to give effective serVice when the duty cycle is scaled
by a factor of .200 (that is, from 1 pps at lGH5 to 8 pps at
25 x 10-3 sec,),

4. Render good service without suffering deleterious effects from
periodic cycling from operating to atmospheric pressures,

5, Have emission efficiencies sufficisntly high that the power input
necessary to obtain the required emission does not cause undue
heat dissipation in the injector,

6, Have activation periods in terms of minutes rather than hours,

7. Operate at temperatures such that their properties are not ad-
versely affected when the emitting surface is ‘bombarded by high
energy negative ions and electrons, .

These requirements are recognized to include the best features of the present
day emitting surfaces,

. To expedite the testing -and development of arc cathodes, unhampered by
concurrent development of ion sources, & portable vacuum system was designed
and built, Measurements of the physical properties of the cathodes have been
made, both pulsed and dc arc operation~

In pulsed service the cathodes have been. operated under conditions ‘of
magnetic field and arc voltage such that the maximum arc current is drawn for
a given cathode temperature and minimum .gas pressure, In dc operation power
supply limitations and anode dissipation set an upper limit on the amount of
current that may be draWin by the arc, In the measurements to date, 25 amps
and 40 volts are approximate test conditions, Any greater pover to the anode
results in rapid deterioration of the exit grid Shortly, it will be possible
to utilize a larger arc chambér and these dissipation limits will be consider-
ably relaxed, N

The 1nvestigations undertsken thus far might best be classified under
cathode types, They include the following: metallic emitters, diffusion
emitters coated'emitters, and compressed mixture emitters, '

1
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Metallic Emitters, The choice of metallic emitters is restricted to
the refractory metals, wolfram, tantalum, molybdenum, and columbium, Of
these four -metals, only the first two are worthy of note, The high work func-
tion .(4,2.volts) rarity and low melting point of columbium (2500°C) eliminate

" this metal from further investigation, The higher work function of molybdenum

(4,3 volts) and the low melting point (2620°C) have postponéd its immediate
investigation, When hot, molybdenum is softer and more ductile than wolfram
and may be structurally weak when operated at the temperatures required to get
reasonable emission densities,

Tantalum, Tantalum filamentary cathodes. have been ugsed in the early develop-
ment of the ion sourcé, The melting point of tantalum. (2996°C) and its lower
work function 4,1 volts couples with its workability make it seem a natural
choice for an emitter, When operated at the temperatures required to-give the
desired emission densities, tantalum is soft and easily shorts in configura-
tions used to approximate large surface areas, The operation of .tantalum in
an atmosphere of hydrogen results in the absorption of large quantities of gas
with the resultant formation of the brittle hydride, The surface erosion of '
tantalum at operating temperatures due to high energy ion back bombardment is
of importance, It was the unsatisfactory performance of this emitter which
led to these studies,

Wolfram, Having the highest melting point of the refractory metals (33709¢),
wolfram, in spite of its high work function (4,52 volts) ‘may be operated at
temperatures such that its emissjon is sufficient, Even in hydrogen arcs the
emission efficiency of wolfram is .quite low,. Where emission must come from
large areas, the amount of power required can become several kilowatts, In
addition, the major portion of the power input to the filament must be dissi-
pated in the arc chamber, From the standpoint of insensitivity to emission
poisoning, the wolfram filament is ideal, 1In experimental work it is.frequently
necessary to return to atmospheric pressure to make ‘changes in the system,
Most cathodes réquire reactivation after such treatment, The reactivation of
wolfram filaments is slight .
Lanthanum Boride, Recently, Laffertyl of ‘the General Electric Company,
announced a new cathode of lanthanum boride, Because it obeys Richardson's
equation it has been called a metallic emitter, Two of these cathodes have
been tried in the ion sources, Other than outgassing, these cathodes require
no activation time, They operate at temperatures between 1400 and.1600°C and
have a work function of 2 66 volts

The first cathode tested consisted of a layer of LaBg compacted to a
surface of tantalum which has been prepared with a grid of 0,010 tantalum
wires, It was 1-1/16 inches in diameter and heated by radiation, . It was run

under pulsed conditions for 4 hours in the 80 kv ion sourde at 14 microns

of hydrogen and about 25 amp, arc current, Thé surface of the boride cathodes
was found quite sensitive to bombardment by high energy ions, After the short
tést, inspection revealed that about half of the matéerial had been sputtered

away, _ . . i . \

It is known that the boride materials are.unstable when operated in
contact with tantalum, The boroh atoms diffuse into the metal lattice of
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of tantalum forming an alloy, This leaves the lanthanum free to evaporate,
The hexaboride cathodes may be operated in a carbon base, Accordingly, a
graphite holder was designed and compacted with LaBg. .

The cathode shown in Fig,. 5 was designed for use with the lanthanum .
boride material compacted and sintered in a graphite-holder, This cathode
was run under pulsed conditions in the 80 kv unit for 2-1/2 hours and removed
for inspection, The surface of the cathode was badly pitted and shrinkage
had caused the boride annulus to break at several points, Approximately
25 percent of the La36 had been sputtered away, The material remaining in .
the holder was LaBg, There had been no breakdown of the compound as in the
case of the tantalum backing, Although some experiments utilizing the dif-
fusion properties of LaBg are planned, the general opinion is that these
cathodes are not satisfactory for this application,

Diffusion Emitters, By far, the greatest success with developments to date

has been with cathodes employing the diffusion principle, Diffusion emitters
operating on the principle of diffu51on of metallic oxides through porous

media were described by Lemmens, Jansen and Loosjes, 2 Their cathode is simllar
to the usual oxide cathode except that the material is made to diffuse to
the surface of a sintered wolfram button, Thesé cathodes, containing a 1:1
mixture of BaCO3z and SrCOs (by weight), are reported to give currents of
some hundreds of amperes per square centimeter of surface when operated at
temperatures of 1350°C and to have lives in terms of tens of hours, Using
this lead, cathodes have been under development for pogsible use in the ion
source, -

Barium-Strontium Oxide Cathodes, A typical cathode 1-1/4 inches in diameter
is shown in Fig, 6, Test cathodes operated in the 80 kv ion source gave
Plentiful emission and although the surface of the cathode was pitted by the
high energy ions there was no noticeable defterioration in emission, Some
cathodes, when run near the end of their life, gave hundreds of amperes of
emission current from localized points, These points were visible on the
surface of the cathode when removed for inspection, When these cathodes
were recharged and returned to the source, they were found to be unaffected
by this heavy sparking, :

These cathodes are sensitive to oxygen poisoning, One cathode of the
1-1/4 inch size operated for 56 hours and was cycled to atmospheric pressure
8 times, Though each poisoning requires high temperature flashing for re-
activation and though there is some doubt that the termioniec properties re-
cover completely, these cathodes can be returned to emitting condition in .
15-20 minutes, Larger cathodes have been found to be more sensitive to fre-"
quent poisoning but have lasted as long as 21 hours,

Arc - currents of 375~ 400 ‘ainperes have been drawn from the larger
cathodes, This represents currents of the order of 20 amperes per sguare
centimeter at temperatures of 1300 to 14OO°CB, Although this represents data
from pulsed operation, there seems good reason to believe that this will be
the same under dc operation

i

When operated under continuous vacuum, these cathodes have furnlshed
substantial currents for tens of hours at l4OO°CB, "For example, a ?7/8 in,

i
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cathode gave 25 amperes emission in excess of 25 hours The weight of mixed
carbonates in the emitter was only O 85 grams,

These cathodes have given uniform emlssion over continuous areas of
the order of 20 square centimeters, There is little reason to doubt that
they can be scaled to larger areas diréctly. Temperature measurements over
the surface of the cathodes has shown them to have essentially no temperature
gradient, The few degrees variation observed are probably as important from
the standpoint of oxide diffusion as from the emission density due to tempera-
ture in the Richardson-Dushman equation,

: The early success with small cathodes prompted the design and construc-
tion of larger cathodés, A typical example appears in Fig, 7, The first
cathodes constructed to work in this holdér failed mechanically due to warping,
Opening of the gas-tight seal allows the oxides to evaporate at & very rapid
rate, Other cathodes were designed to reduce the barium loss and have had
varying degrees of success, These are the "waffle" and "Swiss cheese" forms,
The names appended refer to the configuration used for oxide storage

Other Diffusion Emitters, Emitters using the basic structure of the BaSr0
cathodes have been tested, At present, the emitting properties of the BaSro0
cathode have been equaled, It is desirable to reduce the evaporation rate
of the material while keeping the emitting properties,

When the sintered wolfram dise is filled with Ba0 instead of the mixed
carbonates, the outgassing time is reduced, Almost as soon as the water vapor
is driven off the cathode is ready to operate, Because of the high vapor
pressure of the oxide, this cathode must be operated at lower temperatures,

. Yttrium oxide and cerium oxide have been tried in the sintered wolfram
button, Yttrium will not diffuse sufficiently to operate in the desired fashion,
Though the data on ceric oxide are not conclusive, it is probable that the
diffusion rate is so low at the desired operatlng temperatures that . it will
not yield a satisfactory cathode

Coated Emltters In the investlgation of other emitting surfaces it was
convenient to employ a coating of the emitting material on the surface of a
- filament, The filament was either tentalum or wolfram strip 1/16 x 5/16
inches bent in a U shape, These filaments present an emitting area of
approximatbly 2-1/4 cm®, The measurements on these cathodes are just begin-
ning,

Mixed Wolfram and Thoria, Though some ‘difficulty was experienced in getting
a tenacious coating, these cathodes have given current densities of the order
‘of 10 amperes per square centimete'r° .

Mixed Thorium—Zircon1um~Magnes1um—Calcium Oxide, This cathode gave currents,
of the order of 15 amperes, After a few hours operatlon “the metals alloyed
with the tantalum ribbon, o
Other Coated Emitters, Cathodes of ceriuhf.lauthanum and yttrium oxide as
well as eutectic barium.aluminate cathodes are now ready for test, No data

A
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are available on their operation at this time,

Compressed Mixture Emitters, Directly heated cathodes of compressed

thoria and wolfram powders are.in the process of development, These cathodes
are of the general type announced by Pomerantz3, , _

Other Developments, The use of a carbon button for diffusion cathodes presents
an interesting possibility, Buttons of sintéred titanium and zirconium are

. to be tried, The invéstigation of surfaces to yield high secondary emission -
from positive ion bombardment while acting as a primary source of hot cathode
~emigsion are to be tested, An impregnated cathode in which the oxide has been
soaked into the sintered wolfram.-button is also awaiting test,

Low Voltage Ion Source

General Description, This ion source was suggested by Professor
Lawrence, The general idea that was proposed is shown in Fig, 8, and the first
experimental approximatiofi is shown in Fig, 9, Using two tantalum accelera-
ting grids (Ej,Eg) wé have obtained a reliablé total ion beam of one ampere
at a total voltage of only 15 kv, With careful adjustment, the drain on the
high voltage is twice the beam current, This beam, which is a bundle of 265
'small beams, is measured by a collector cup placed one inch away from the grid
assembly, When this total current collector cup is removed, the beam travels
through the vacuum tank, and its divergence can be measured by a small collector
cup which is located about 30 inches from the grids, This cup is moved at
right angles to the beam axis and hence gives a plot of current density across
the axis of the beam, (See F1go 10 )

Experlments show that the total ion beam current increases linearly
with the number of holes used in the grid assembly, that is as the area of the
array of holes (See Fig, 11, )

The total beam then would be limited only by the arc plasma area, A
large plasma area might be obtained by an arc¢ from a large area cathode, "or as
in the case of the drifting arc operation described in Section 2 A, the arc
cross section might be blown up by running it in a divergent magneticvfield,
The best intensity at present ~0,6 amp/sq, inch of grid area, The beam could
be brought to a focus if the grids were curved as in Fig, 1, provided space
charge neutralization is fairly complete beyond the last grld No focusing
experiments have been undertaken yet., Application of this source to the
linear accelerator would also require provision for additional acceleration
from 15 kv to 80 kv,

- The arc source is pulsed on for 10-3 sees once a second, D,¢, accelera~
‘tion voltages are used, with the source at high voltage, The magnet is pulsed
by periodic connection to a charge. condensed .bank and allowed to oscillate
for one cycle ( «'50 cycles/sec . The’ arc is then pulsed at the peak of the

magnet cycle,

Attention was focused on possible changes that would give the best
combination of beam width and total beam, 1In addition, the success of the
method depends on whether: the power absorbed by the accelerating grids in
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continuous operation is low enough to be radiated, For this reason the drain
currents were measured, '

Accelerating Voltage, The total béeam current increases linearly with
total accelerating voltage, for any particular division of this voltage on
the grids, (Flg° 12,) (Th;s is also observed with other sources using a first
accelerator without grid,)

Magnetic Field Variation, The total ion beam current increases with
magnetic field as shown in Fig, 13, The present explanation for this effect
has yet to be fully tested, The general idea is that due to the magnetic

field, positive ions in the plasma move in-small circles, If we consider the

plasma within the thick exit grid E,, we see that positive ions formed with
large orbital radii can not survive, Hence the number of positive ions that
survive to reach the accelerating field is increased at higher magnetic field,
The effect is, of course, perturbed by changes in the energy distribution,
the plasma to wall potential and so on, Fig, 13 also shows the effect for
two different hole diaméters in Eqg. The dotted curves represent a very rough
theoretical approximation which assumes a Maxwellian distribution of positive
ionsin the main body of the discharge, The ions are assumeéd to be filtered
out by small holes in the E, grid by geometrical considerations,

The Best Voltage Ratio, For a given voltage drop across the first
accelerating gap, we find it requires about the same voltage drop in the
next gap to pull most of the ions through (Fig, 14,) This is the case when
the spacings of the grids are equal .

Effect of Grid Spacing, Larger spacing in the first gap produces a
more parallel beam of ions, and hence less focusing is required in the second
gap, But if we have a fixed total acceleration voltagée, then for a high
value of total ion current, we find that the larger first gap requires more
voltage across it, We can make up for the low voltage that is left for the
second gaep by usiﬁg a small spacing which means a stronger lens, The.above
discussion shows that there is a definite voltage distribution for each gap
setting, We have found a good combination of values, but they are not very
eritical, For instance: first gap 0,060 inch, second gap 0,030 inch *'0,010
ineh, with 70 percent t 10 percent of the total voltage across the first gap,
So far no attempts have been made to use tapered holes in the grids,

Grid Currents: The net currents to the various grids result from
incident positive and negative’ ions, and secondary electrons emitted, ®Since
only the former cause heating we havé to know their ratio before heat calcula- o
tions can be made, The secondary ratio invoelved here is not known but one
may expect ratios greater than 2:1, Fig, - 15 shows the way these currents
change with voltage distrlbutlon At presentA—conslderatlon is being given
to the possibility of measuring the grid temperatures dlrectly, with and with-
out pulsed beam, . -

The measurement of beam width involves measurement of a few milli-
amperes of current over a 10:1 range and some degree of linearity is required,
At present we are attempting to determine the major factors which influence
collector cup readings, Some preliminary measurements have been started on
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the effeects of beam magnitade‘and energy; magnetic fields and cup geometry, -

The injeétor group during the last three months has consisted of:
Paul Byerly, Warren Chupp, Bruce Cork, Warren Eukel, Forrest Fairbrother,
Reinald Finke, William Lamb E, T, Lofgren Robert Rlchter Howard Smlth

Warren Watson

The investigation detailed iii Section 4 was carried out by: iohn‘
Foster' Frank Martina, Robert Teeters ' .

The developments described in Section 3 were in the hands of:
Harry Heard and John Woodyard

The engineering has been done by: Clarence Harris electrlcal,
Robert Meuser mechanical; and Harvey Owren, electrical .
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11, Theoretical Studies

L, R, Henrich

Wide Aperture MIA Input, The problem of how much the input aperture can be
increased to obtain the maximum current in the MTA is being investigated,
This can be considered either under the condition of keeping the injection
voltage fixed at about 80 kv or under the condition of varying the injection
- voltage, The latter method of treatment requires a much more expensive in--
jector, Assuming that a high energy injector with high current density over
a large aperture can be built, the radial and phase motion can be studied,

As an indication of the desirability of going to higher injection energies,

a comparison can be made by using the present Mark I design with the first
unit of the machine eliminated, This provides a considerably larger area

. for injection, Some calculations are being made of the radial and phase
motion to see whether there is a net gain in the number of accelerated parti-
cles, The indications are that some improvement is possible with this
approacho -

\}

The first method of opening up the injection aperture but keeping
injection voltage fixed requires the determination of additional fields be-
tween drift tubes, The calculations rather naturally divide themselves into
two parts, The first is the calculation of the accelerating fields, These
fields might be determined in two (or more) possible manners, The experimental
method of constructing a model and then measuring fields has .seemed un-
satisfactory since the weak fields are rather poorly determined The solution
of laplace's equation by the relaxation method for the actial machine would
probably give the most satisfactory fields, However, by hand this is very
slow, An attempt has been made to have the work done on, the IBM 602-A but has
run into various difficulties, Jt would be desirable to obtain solutions with
high speed electronic computers, The second part of the calculation requires
the deétermination of orbits after the fislds are obtained If a large
fraction of the aperture is to be used, it becames desirable to obtain solu-
tions of the coupled equations, This again becomes rather a nasty computing.
job to which a satisfactory answer has not yst been found,

Power Losses in the Skin., The power losses in the skin will be related to
the voltage gradient along the tank and the dimensions of the drift tubes,
Minimizing this loss under various. conditions have been studied, The voltage
may be varied so as to give the minimum loss, the voltage may be kept fixed
at some value to be determined, or.the. voltage gain by the particle can be
chosen to be some fixed value, e,g,, 0,5 Mev per foot, Calculation of the
minimam power loss in, these three cages indicated rather small variations,

The conclusion was that other criteria--not power loss--should determine what
type of voltage variation along the machine would be most desirable,
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13, Mark II Target Program.

C. M, Van Atta

Introduction, Since the previous progress report the effort of the MTA—Mk II
target group has been mainly expended upon

(1) Additional experimental measursements on the 184-inch cyclotron
of neutron yieldS°

(2) Computations of heat loads, heat dissipation and neutron yields

(3) Lattice computations for both non-multiplying and multiplying
‘ttices

%. n Yields, The excessive growth of uranium due to thermal cycling and

=
radwabion damage suggésts that the use of pure uranium as the primary target .

may be impractical, Preliminary investigations of the known high=~.
i {ontent alloys (5=10" percent Me-U 2-5 percent Cb=U, Mo-Cb-=U, ete )

N

rﬂPresent indications are that thorium does not have the property of
excessive growth characteristic of uranium and, in addition, is a relatively
malleable metal easily fabricated into plates or other shapeso In order to
evaluate thorium as a primary target material the neutron yield as a function
of thickness was measured for pure uranium and thorium and also for thorium
as a primary target (one deuteron range or l-inch thickness for 190 Mev
deuterons) backed up with a uranium secondary target

' Fig° 1 gives results of recent measurements on uranium; thorium and
thorium combined with uranium, For these experiments with 190 Mev deuterons
the range in uranium is 0,63 in, and in thorium is 1,08 in, The target used
for pure uranium was mostly built up out of 12 in,x 12-1/2 in, plates, whereas
the target for pure thorium was made of 4-1/4 in_, diameter round stock, From
the few measurements taken with a 4-1/4 in, diameter uranium targe ot 1t appears
that the difference in géometry is quite significant To make a realistic
comparison between the pure thorium and pure uranium targets the yield curve
for the 12 in, x 12-1/2 in, uranium target is plotted as a solid line and the
estimated curve for a 4-1/4 in, diameter uranium target is shown as a dotted
curve based upon two measurements, The thorium yield is then compared with
the dotted curve for uranium, - '

The uranium yield curves reach 92 percent (3,0 as compared with 3,25
neutrons/deuteron) of their maximum value at 1 inch beyond the deuteron range
orat 1 in, + 0,63 in, = 1,63 inches, At this point the 4-1/4 in, diameter
target yield is 2_ %5, ' L

In,order'to”compare'the thorium-yield with uranium we take a thorium
thickness of 1,63 in, x 1,08/0,63 = 2,80 in,, for which the yield is 2,15 neu=
trons/deuteron or 78 percent that of the comparable uranium yield,
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For the combined target we take a‘one-range thickness of thorium
(1,08 in,) and add 1 inéh of uranium, which gives a yield of 2,45 neutrons/
deuteron, Since in this case the uUranium portion of the target was made up
of 12 in, x 12-1/2 in_ plates, this yield should probably be compared with
the solid yield curve of uranium and is therefore 82 percent of 3,0 for
,straight uranium (12 in, x 12-1/2 in,

This last comparison is not. quite fair however if in using a compound
target one can conveniently use a greater thickness of uranium, Whereas for
the pure targets of either metal the points used for comparison are above
the 90 percent yield points, the compound target yiéld curve continues to
rise more. rapidly with the resilt that as high as 90 percent of the pure
uranium yield can be attained with the compound target using one range thick-
ness of thorium and 3 in, to 3-1/2 in, of uranium,

~ The lower sét of curves in Fig, 1 shows the yield data plotted against
thickness of target in ranges for 190 Mev deutercns, The points used in the
above comparisons are the points of intersection of the yield curves with the
vertical dotted line, From this somewhat imperfect data we obtain the follow-
ing relative yields: : - :

n,). 100

U (one range +.1 1
Th (one range + 1,71 in,) 78
Th (one range)+ U(L in,) . 83

. .U (one range + 3,15 in,) 100
T ‘Th (one range)+ U(3,15 in,) 92. o \
e Th (one renge + 5,42 in ) 75

These measurements clearly indicate that whereas the yield of thorium
as both primary and secondary target is only about 75 percent of a solid _
uranium target of the same thickness measured in gm/cm the yield of a combina=-
tion target consisting of a deuteron range thickness of thorium backed up
with uranium to the same total thickness-in gm/cm is 92 percént of the solid
uranium target, This is all for a Peasonable secondary target thickness of
3,15 in, of uranium or 5,42 in, of thorium, This combination seems promising
as a means. of obtaining yields -very-close to those of a practical uranium
target (with its cladding end water cooling) and at the same time avoiding the
probable difficulties of running uranium at high power concentrations,

In order to facilitate yield estimates for complex targets including -
cladding materials and coolant jackets the yield curves for one full range
each of aluminum (13), copper (29) and molybdenum (42) as a function of uranium
secondary target thickness were obtained, These data together with a similar
curve for water are given in Fig,6 2, :

Primary and Secondary. Target Design Studies, Because of the many alternatives
whieh must be roughly evaluated, the primary and secondary targets are still
in the design study stage,

A fairly detailed study has been made of. the concentric uranium tube
-type of target described in the previous report in the form of a four-row tube
bank, Each tube element is assumed to consist of three concentric uranium
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tubes of 0,160 in, wall thicknéss c¢lad with 0,005 in, of zireonium, Suffici-
‘ent uranium is contained in the four rows of concentric tube elements for both
primary and secondary targets, This unit is contained within an aluminum
"tube of 4 in, 0,D, and 0,050 in, wall, which defines the outer water cooling
annulus, and also contains at the center an empty aluminum tube of 0,050 in,
wall to define the inner water cooling annulus, The thickness of each water
cooling annulus (inside,'outsidé'and between the three concentric tubeg--

four in all) is taken as 0,125 in,

The following table gives the”average percentagé deuteron energy loss
in each of the materials of the target and the corresponding neutron yields,

Neutron Yield Relative to Ideal Solid Uranium Target-

Target Material U AL Zr i Hzo Total

Average % E Loss 81,65 - 4,22 4,07 10,07 100,0 % E

f = Y (material)/Y(U) - 1,0 . 0,39 0,54 0,25

Yield = £ x (% B Loss) 81,65 1.65 2,20 2,68 88,2 % Y(U)
;’ _ From this study it appears that the overall yield of a water cooled

c¢onecentric tube uranium target would be about 88 percent that of a solid .
uranium target, Whether such a target would in fact be feasible depends

upon the extent to which the concentric uranium tube elements would grow and
warp due to thermal cycling and irradiation, - In any case, because of the
relatively low temperature at which phase changes occur in uranium, the maxi- -
mum temperature and therefore. power concentration in such a target would have
to be kept quite low and therefore the target itself would have to be large,

The indications are that thorium does not experience any phase changes
between normal temperatures and its rather high melting point (probably about
1625%C), Oné advantage of thorium therefore as a primary target material is
that the operating temperature and power concentration could be set quite
high, Recently completed calculations indiecate that a NaK cooled thorium
primary target 6 feet in diameter can be designed for which the maximum tempera-
ture will be somewhat less than 10000C while dissipating the full 35 mega-
watts beam energy of the Mk II accelerator, The deuteron energy loss in-the
NaK coolant is so small that the yield of this primary target when combined.
- with an adequate uranium secondary target will be 98 percent of that for-a
« 801id thorium target backed with uranium, or 90 percent of that for an ideal
pure uranium target, This compares very favorably with thé 88 percent of U
yield reported above for the water-cooled concentric uranium tube target and
indicates that a combination thorium and uranium target may be at least as
good as a practical water-cooled uranium target, - The greater compactness of
the thorium primary target is expected to yield additional advantages in higher
lattice flux and neutron economy, The preliminary results on the thorium-
uranium combination target are so favorable that. engineering on the target will
start with this design as a goal, ‘
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14, Electron Model of the Clover Leaf Cyclotron

J. Reginald Richardson, John A, Jungerman, and Elmer L, Kelly

Introduction, The theory and mechanieal construction of the cyclotron have
been given briefly in a prev16ns.repbrt (p 136. £f, UCRL-1009) and so need
not be repeated-here, A general idea of the pole shape and tank layout can
be gained from Fig, 1 and 2, The single 180° rf dee was operated at negative '
bias, Since the dee bids Was of the same magnitude as the rf voltage the
beam orbit was constantly urged off center; this was compensated for by use
of a dummy dee opposite the rf dee connected to6 the same bias supply as the
rf dee, The dummy dee consisted of itwo insulated copper sheets fitted closely
to the upper and lower pole faces and connected to a metal frame having the
dimensions of the lip of the rf dee, This dummy dee is open around its B
periphery, Means were provided for inserting probes along a radius at three
different positions: 120° (hill), 200°, and 240°9(hill) measured from the
center line of the rf dee in the directlon of the electron beam (counter
elockwise as seen from above), The 2000 probe can be seen in Fig, 1, Some
26 trimming coils were installed on the pole faces for making slight changes
in the magnetic field, 1In dddition to the eircular coils seen in Fig, 2
there was a flat spiral coil at the center of each poleface to produce axial
focusing in this region and a flat Spiral coil at the periphery of the pole
faces on each. "hill" and each "valley", The current in each 0011 could be
varied contlnuously from 0,1 amp to 3 amps,

Establishment of the Beam, The existence of an accelerated beam of electrons
in the electron model of the clover leaf cyclotron was first established on
September 16 1950, At that time x-radiation of energy.30 Kev was observed
to or1g1nate in an aluminum target. placed at a radius of 13-1/2 inches, The
magnetic Tesonance was quite sharp, corresponding to a full width of the beam
at half maximum of O, S percent in magnetlc field,

: The more accurate establishment of the ere rgy and magnitude of the
beam was gradually accomplished over & period of several months while other
experiments were being done_, The hlstorical approach will not be used but
rather our knowledge as of January 25, 1950 will be presented,

Energy of the Beam, The energy of the eleétron beam has been chééked by the
measurement of the x-rays produced and by the range of the ‘electrons in
alumlnum foil

A tantalum target was placed at a radius of 15 inches on a hill and the
absorption curve of the x-rays in copper was measured, After going through
0,070 inch of copper, the absorption curve straightened out at a value corres-
pondlng to an energy of 57 Kev for the penetrating component of the x—radla—
tion, This agrees well with the Ka radiation of tantalum (58 Kev) which can
. only be produced by electrons of energy in excess of 70 Kev, The possibility
also exists that the agreement in energy between the measured x-rays and the
tantalum Ka line is. fortuitous and that the 57 Kev corresponds to the short
wave length 1limit of the continuous radiation from 60 Kev electrons, In any.
case, however, the agreement with the predlcted energy (65 Kev) of the eler.z«=
trons at this radius 1s»qu1te satlsfactory°
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Current measuring probes shielded with various thicknesses of nylon
and aluminum have -been used. in -attempts-to-obtain the radial variation ¢f
the electron béam current, As-one moves-a ‘shielded probe to smaller radii,
the electron current at first increases somewhat, -reaches a maximum, and then
decreases rather rapidly as it is moved toward the center of the cyclotron,
This decrease is interpreted as a failure of the electrons at smaller radii
(lower energy) to pemetrate the shield of the probe, A correspondence can
then be drawn between the theoretical electron energy at the radius of this
decrease in current and the thickness of the shield on the probe, For example,
it is found that a probe shiélded with 1, 7 mg/cm of Al shows evidence of losing
current below 12 inches radius on‘a- valleyo An electron whose range is 1,7
mg/cm2 has a mean- -energy of~28-Kev: ~whilte-the~theoretical -electron energy at
12 inches radius is 36 Kev, Simllar results have been obtained at other. radii
using other shields,

Msgnitude of the beam, Oné of the most difficult problems in technique
associated with the electron model -has-been -the comnstruction of reliable
probes for the medsurement of "the - -electron current, It was found very early
that there are fairly large numbers of -electrons - executlng semi-cycloidal
motion along the fringing magnetic field both along various radii and around
the outer edge of the poles' These electrons have enpergies in excess of 1000
ev and must be kept out of the- -probe-by-shielding, The most satisfactory .
probes have been. constructed using a combination of aluminum and either nylon
or paper for 1nsulatlon° The aluminum furnishes shielding from the radio-

' frequency voltage on the dée, Only the results obtained with shielded probes
will be quoted in’ this report '

The amount of electron beam accelerated depends quite markedly on the
dee voltage, For example, a beam of 5 microamperes near the maximum radius
of 15 inches can be obtalned at a peak rf voltage dee to ground of 800 volts,
This will be reduced to 1 microampere -at~660 volts, 0,2 microampere at 400
- volts and finally t6-a negligible-durrent at-280- volts Efforts to determine
the variation of the beam-magnitude-with-radius have so far not produced '
trustworthy data,-due primarily to rack of a*satisfactery -means -of varying
the probe shielding4to ‘mateh—the changing elsctron~beam range -as the radius
inereases, However, by-visual observation using-a-fluorescent beam clipper
there is good indication-that beam Yoss 13'con51derably -greater at a radius
of 9 inches o?r 10 inches than it is in the neighboring regions, This is
borne- out by the fact that the difference in measured magnetic field and the
theoretical field requlred is largest ( ~ 2 percent) in this region,

Threshold Dee Voltage, An important aspect of the electron model tests is
a.determination of theé minimum radiofrequency voltage on the dees required

for complete acceleration, This is the threshold dee voltage, Its exact

value depénds upon the -minimum current chosen as threshold beam current,
‘HowevVer, it is cléar fT¥om &n examimation of a typical curve of beam current

vs, dee voltage that the threshold dee voltage is. not a very sensitive function
of the value chosen for the threshold beam current

A threshold dee voltage of 280 volts on the electron model means that -
the electrons have been accelerated through at least 120 turns, This figure
would apply if the electrons remained in phase with the dee voltage through-
out the acceleration, This will obviously not be the case near threshold,
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so that the number of turns involved is probably more like two or three
‘hundred :

A peak voltage of 280 volts on the single 180° dee of the electron
model corresponds to 520 kv on two 180C dees in a full scale accelerator for
250 Mev deuterons, For a three phase system using 120° dees the corresponding
voltage would be 390 kv or for three 60° dées the voltage would be 670 kv,

The desirability of further reduclng this threshold dee voltage is therefore
obv1ous

There can be two principal reasons for a high threshold dee voltage:

1) A lack of correebondenoe between the actual radial and azimuthal
variation of the magnetic field and that demanded by the theoretical expression

Yo, o Ya), 2
H= Ho [l + A Q—E) cos m 6 + B Q——) ]

2) Unsatisfactory starting condltions for the electrons near the center
of the cyclotron, :

We have strong indications that both of these causes are preventing
the obtaining of lower thresholds, A 'great obstacle to our obtaining a good
match on the magnetic field has been our inability t6 measure the field (of
about 20 gauss) to better than 2 percent, The magnetic group have recently
developed a method, however, which should allow accuracies of 0,1 percent to
be obtained, and it is planned to use this method to tailor our fleld to better
agreement with the theory,

The trimming coils which have been used so far on the magnetic field
are spaced two inches apart on a radius and are circular in shape, When the
individual currents through these coils are optimized, they produce a definite
lowering of the threshold dee Voltage ovér that’ obtainable without their use,
However, it is felt that a much better job can be done with coils spaced
clossr together and shaped to follow the orbit of the electrons,

In regard to the second reason for a high required dee voltage, nahely
the starting conditions at the center, one would expect that electrons startlng
with an energy of only one or two hundred electron volts would be extremely
subject to stray electric fields, These fields may arise, for example, from
charges collecting on 1nsu1ating films deposited on metal surfaces, An indica-
tion that this actually occurs is the observation that the optimum source
bias was temporarily lowered by perhaps 40 percent when conducting paint was
liberally applied to the metal surfaces  in the region surrounding the source,

In addition, operation with the dumny dee at rf dee bias instead of ground
potential resulted in about a 30 percent réeduction of the threshold dee volt-
age, There is also some evidence of reduction of threshold voltage with ;
increased radius and consequently increased energy of source injection,

Source Trials, The original source consisted of a 5 mil wolfram wire shaped
into a sharp V in order to eliminate magnetic field effects from the filament
current, Thé height -was about 1-1/2 inches, This filament was operated at

a negative potential of about 100 V for optimum beam,

/
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In order to increase the electric field in the filament region, various
grounded structures were used to surround the filament, The best of these
seemed to be a square box of molybdenum, 1/4 in, on a side with one side open,
The filament used in-"this case was a single vertical wolfram wire with a
current return close behind it, Spiral fllaments were also employed, but were
not as satisfactory possibly because they provide vertical electric flelds
when bias is applied to them, Flnally, in order to get as simple a source
as possible, the single wire filament was used without the box shield, However
it was found to be quite sensitive to filament position and bias voltages

Next a source was designed with a grid of two vertical parallel wires
which could be held at an arbitrary potential, By varying this potential it
is possible to get a fairly well defined beam for a given choice of filament
bias voltage, In fact, one could see the first three or four turns of the
beam on a thin fluorescent probe, The source of electrons consists of a row
of 0,020 inch holes in a molybdenum cylinder, The interior of the cylinder
is made up of a spiral of 0,010 inch wolfram wire which is surrounded with
barium aluminate, Thus the source of electrons is an indirect one and is
guite ready in operation, The lifetime is about a month as compared with a
few days W1th wolfram wire alone,

4 . .

- This source was used to make an investigation of the effect of starting
electrons with various initial kinetic energies, This was possible .since the
electrons left the source perpendicular to the radius line, In particular
the rf threshold for the full energy accelerated electrons was studied as a
function of injection radius, The threshold was found to be 210 v r.m,s, at
2 inches, 218 v at 1-1/2 inches, and 227 at 1 inch injection radius,

Phase Measurements, Some preliminary work has been done to establish the -
feasibility of two types of phase measurement, In the first method rf voltage
is placed on a probe in a known phase with respect to the rf on the dee edge,
As the electron beam passes over the probe it will be deflected by the rf field
unless the field is zero as the electron pulse passes by, Since the electron
pulse is the sharpest near threshold rf voltages, this method will probably
prove most useful in this region, Measurements with a d,c, field have shown
that rf of the order of several hundred volts should produce an appreciable
beam deflection after one revolution,

t

The second method for measurement of phase consists in observing the

x~-rays from a probe target with a photomultiplier tube some of whose elements

are biaged with rf voltage, This method appears practical without the use of
a scintillation crystal, However, for either method, it is felt that a more
stable oscillator is necessary in order to make useful measurements of the
phase, This has been constructed and will be utilized in the 3 dee system,

Beam Trajectory Studies, The study of the electron paths méy be conveniently

divided into paths of the circulating beam and those of the external beam/
Various techniques were used to find the trajectories in each case, i,e,, by
images of one probe on another, by measuring current decrease to a probe-as
another is inserted in the electron path, or by photographing electrons that
had passed through a narrow aperture, . .
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The circulating beam exists until about. 15-1/2 inches on the hills and/
14 inches in the valleys is reached, Near the center the orbits are nearly
circular, As the radius increases the valley curvature decreases until at a
15 inch hill radius the corresponding valley radius is about 13-1/4 inches,

This agrees quite well with the theory which predicts a 2 inch difference in.
radlus at this p01nx -

The first observations of the external beam were made with a fluorescent
probe after the dee clearance for the beam was increased from 17 inches to
18-1/8 inches, Fig, 3 shows the beam as observed at the 240° hill, The leading
edge of the probe shown there is at 16-1/2 inches, A characteristic constrie-
tion of the beam in the fringing magnetiec field occurs as the radius increases
followed by a fanning out again, The beam pattern at the 120° hill is similar
except the latter fanning out does not occur, The magnitude of the external
beam decreases as the rf dee voltage is reduced, the threshold voltage being
about 350 volts, It is possible by reducing the magnetic field at one or two
(but not three) hills to get an external beam at the same threshold dee voltage
as 1s required to bring the beam out to the nominal 15 inch radius on a hill,

The reduction might be due to improved magnetic field or it might be due to in-
-duced radial oscillations in the beam; observations indicate the latter explanation,

The external beam trajectories were studied in the region available
outside the'dee, The . paths are aescribed,iQ)a,pinwheel fashion starting near
the pole edge and ending on the tank wall, “They are shown in Fig, 4, The
trajectories were studied mainly by the w1ndow of one probe on another and the
paths so determined agree quite well with angles found using photographs, By

‘measurements of current to a probe at 200° (Probe B) as a funetion of the
radius of another probe on a hill and preceding the former by 3200 (Probe c),
we were able to determine the region on a hill at which eleectrons that form
the external beam spill out,

It was found that a region from 15-1/2 inches to 15-5/8 inches on the
240° hill produces external beam on Probe B (200°) for any radius of that
probe greater than 14-1/4 inches, This is in agreement with visual observa-.
tions that the circulating beam disappears after 15-1/2 inches on a hill or
14-1/4 inches 20° from a valley, .

Efforts were made to get some idea of the current distribution associ=-
ated with the external beam trajectories shown, Observations were made with
a system of four collectors on the, 240° plate at 19 inches radius and also with
a group of eight collectors placed at a 16-3/4 inches radius and situated
every 20° starting with 110° as shown in Fig, 4,

The four collector system showed that the external beam was concentrated
in the 220° region of the 240° plate such that the current was some 12 times
.greater than in the 260° region, Measurements with the 8-collector system
showed current concentrated in the region of the hills, Although more
accurate trajectories would be necessary to describe the current distribution
on the tank walls in detail, it may be said that the major part of the current
from the 120° hill would be found in the region of 210°, Presumably a similar
- result would be obtained with the other 'hills, - This experiment was not made
because of the intervention of the dee, The results are sensitive to operating
conditions and are therefore -quite tentative° For example the ratio of the
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current to the 110° collector to the current to the 2300 collector decreases
a factor of 5 if the rf voltage is increased from 350 to 500 volts, i,e,,
high rf increases the spill out from the 240° hill, -

Another measurement was made using large shielded probes to collect-
the external beam at the 1200 and 240° hills, It was found that at least
half of the internal circulating beam could be collected on these two collectors,
This indicates that the loss in getting the beam out from between the magnet
poles can be made guite small, By suitable adjustment of the various hill coils -
it was found pos51ble to change the ratio between the currents collected on
the two hills by more than a factor of 100, -

Magnetic Lens Lffects, After the electron path reaches about 15-1/2 inches

on a hill, the Thomas magnetic focusing is reinforced by whatever focusing is
provided in the fringing field, The focusing observed in the external beam at
& hill is due to the fact that these electrons have traveled out from the preced-
ing valley with a large radial component of velocity and therefore their path
has been through a focusing magnetic lens field, This is able to constrict.
the beam to 1/4 inch vertical height at a radius of 18 inches as is shown in’
Fig, 3, In the valleys where the fringing field is weak, the transition from
circulating beam to external beam is observed by an immediate vertical de-
focusing after 14 inches radius so that the external beam fills the entire
height of a 2 inch fluorescent probe, The image cast on this probe as made

by an object at the previous hill is inverted and magnified which shows that

‘there is a focal point just beyond a hill, The images as seen by fluorescence

on the tank wall are also inverted until the beam passes the next hill, at which
point they are reinverted and appear erect, The constriction observed on

the hills is also seen on the tank walls adjacent to a hill as a constric-

tion which-is a minimum 3 inches past the center of the plate, There is
evidence that the position of the focal point of the maghetic lens can be
altered by currents in the hill coils, This can be seen by lowered magnifica-_
tion as observed on the tank walls and in addition if sufficient current is
employed (-2,4 amps in each coil) the constriction can be formed in the 150°
region on the tank walls, -As would be expected the focal length of the magnetlc
lens is increased by 1ncrea31ng the field in the preceding valley or by de-
creasing the field at the hill, This indicates that the use of magnetic focusm
ing may well be feasible for manlpulatlng the external bsam,

. Eleetronic Developments, -(Melvin’Chun) Power supplies for accelerating grids
in the electron gun were installed along with power supplies and controls for

the compensating pole face windings, Special instrumentation was installed
for monitoring the rf oseillator behavior, Numerous beam current probes were
designed and tried for beam height measurements Fluorescent probes and
clippers were designed and tried in order to determine vertical oscillation
of the beam as Well as beam behavior at all radii, .

Because of increased activity and scientifie personnelg an additional
400 square féet of Building 43 (former storeroom) is being converted into
laboratory working space, providing light, power, heat, and lab benches,
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Work is being continued on internal magnetic field modifications and
adjustments, A master oscillator power amplifier dee arrangement is being
considered for usé with a phase measuring deévice to be used on the accelerated

K beam,- Close coordination with the theoretical and operating personnel con-

tinues, ]
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15, XC Cyclotron Conversion

Marvin Martin

Introduction, 7Plans for converting the XC ey¢lotron to a Thomas type
machine have been developed during the past gquarter, A preliminary study
indicates that it may be possible to use a great deal of the equipment
originally planned for this machine, including the tank and vacuum pumps,
the shielding and the dee stems, It is highly desirable in the interest of
saving time to use the existing oseillator and model tests are now under-
way to determine its feasibllity

- Rf Equlpment Revision, The frequency tolerance on the existing oscillator is
"plus or minus 1/4 megacyele from the normal of 14 megacyecles, If it is pos-

sible to obtain a properly shaped magnetic field at a value Whlch corresponds
to this frequency range for protons no revision of the oscillator or trans-
mission lines will be necessary, Model tests of the XC magnet are underway
to determine if this can be done, The téntative specifications include a
magnetic field of approximately 9 000 gauss which at 30 inch radius gives a

" proton energy of 25-1/2 Mev,

It is planned to operate on a low duty cycle with beam pulse of 1

‘millisecond duration using not more than two pulses per second, A pulse line

will be built to supply plate voltage to the oscillator, The design capacity
of this line will' provide four megawatts_d ¢, power during the pulse, It is

_ planned to install only half the line at the present time since the existing

oseillator has a rating of 1/2 megawatts cw, As operational experience is
gained the oscillator power will be increased either by converting the present
F 154 Qecillator'tnbes po D 50js or previding_MTAﬂMark I type oseillators,

Construction and Utilization of the Machine, Tentative internal dimensions

have been selected as follows: o
Clear opening inside dee - 4"
Dee t0 ground clearance 3"
Minimum maghetic gap : 12~l/2"
Maximum orbit radius 31"

A cost estimate and time study has been made on a preliminary basis
which indicates that construction work will be completed some time. in April

- and that the first stage of operation can be achieved under the ex1st1ng

budget llmltations

' It is planned to ‘use the cyclotron to study meang for obtaining large .
circulating currents,  The value of beta for 23-1/2 Mev is not large (0,23),

Work on the electren model however, has demonstrated that the principle of

operation is sound for deuteron energies up to 250 Mev and it is believed that
the most important question remaining ig the ablllty of the eyelotron to pro-
duce a beam of the order of 50 milllamps or higher,
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