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Summary

A 1000-megawatt peak-power linear electron accelerator is required for the injection of elec-
trons into a thermonuclear fusion experimental device, called the Astron, which is now under construc-

tion at the Lawrence Radiation Laboratory in Livermore, California.

The Astron will determine the

feasibility of an actual power-producing fusion reactor utilizing the principles of confinement and heat-

ing of a plasma by establishing a long rotating layer of relativistic

electrons.

The linear electron accelerator under construction is designed to produce a pulsed electron
beam with an energy of 5 Mev £0.5%, a pulse current of 200 amperes, with a pulse duration of 0.25

psec and at 60 pulses per second.
netic cores.
tion of 12,000 volts.

The accelerator will be of the induction type utilizing large mag-
Approximately 400 cores will be used and each one will contribute 2 minimum accelera-

The details of the design and development of a line-type modulator used for pulsing cores and

capable of an output peak power of 36 megawatts will be discussed in detail.
5949A thyratron were life-tested at 32 kv, 2000 amperes, and 60 pps.
In addition, it was necessary to develop corona-resistant connectors for this ap-

Life data and final design for a small connector suitable for operation at 16-kv, 0.4-psec '

hours was obtained.
plication.

A type 6587 and type
Useful life in excess of 1000

(70% dmplitude points) pulses with 60-nanosecond rise time, and at 60 pps are presented.

Introduction

A possible method to attain the long-sought
goal of a controlled thermonuclear reaction is to
utilize high-energy electrons to produce magnetic
confinement and, simultaneously, heat the plasma
by transfer of some of the electron energy to the
plasma particles.

The Astronl thermonuclear fusion experi-
mental device, which is now under construction
at the Lawrence Radiation Laboratory in Liver-
more, California, will be used to determine if
these principles can be utilized to make a power-
producing fusion reactor, A 1000-megawatt, lin-
ear electron accelerator?=4 capable of producing
a relativistic beam of electrons of high intensity
and quality is required to perform these experi-
ments. Table I lists the specifications for the
accelerator.

Development of Core Pulsing Requirements

After considerable study by the Physics
Staff of the Lawrence Radiation Laboratory, it
was decided to build an accelerator utilizing a
basic induction principle,®-7 known for many
years, but never before employed in a practical
linear accelerator. This basic principle is to use
an accelerating induction electric field generated
by changing the magnetic flux in a ferromagnetic
material. This method is inefficient with low
beam currents because of the extremely high ex-
citing currents of known magnetic materials. An
efficiency approaching 10% may be realized in
the Astron accelerator when operating at beam
currents of 200 amperes. An increase in the
number of primary turns affects the input imped-
ance, as in a pulse'transformer, but results in a
corresponding stepdown of accelerating potential.

TABLE I

Accelerator Specifications

Electron energy

Peak beam current

Peak beam power

Pulse length of £0.5% flat portion

Repetition rate, variable

Energy spread (during the pulse and/or from
pulse to pulse, and at a variable '
repetition rate)

Beam diameter

Beam quality

5 Mev

200 amperes
1000 megawatts
0.25 psec

0 to 60 pps

+0.5%
"1l cm
< 107¢ radian - cm

*Work performed under the auspices of the U.
S. Atomic Energy Commission.

The Astron accelerator is designed8 to utilize
tape-wound, toroidal, doughnut-shaped, magnetic
cores with the electrons accelerated through the
center of the core. A one-turn primary is used
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in order to keep the system voltage as low as
possible.

The choice of magnetic material vastly af-
fects the core modulator requirements because
the pulse permeability? (at 0.4 psec) can easily
vary orders of magnitude depending on material

composition, thickness of lamination, and anneal-.

ing methods.

Many different materials were tested!0 and
optimization studies were made comparing the
combined costs of magnetic materials and pulse
modulator systems. One-mil, 50% nickel-iron,
tape-wound cores were found to represent a rea-
sonable compromise. The final design uses two
sizes of cores: The electron gun section uses
forty-five 18-inch ID X 33-inch OD X 1/2-inch-
thick cores; the eight accelerator sections {forty-
eight cores each) use 384 8-inch ID X 24-inch OD
X 1/2-inch-thick cores.

The large cores will be pulsed to 16,000
volts and the small ones to 12,000 volts. Under
eptimum conditions this would yield an output of
5.32 Mev, however, beam loading cffects and vaAr
iations of the magneti¢c propertlies Lbetween coros
(as much as +30%) will reduce the output.

The electron injection requirements of the
Astron dictate that a square-wave pulse voltage
‘be developed across the secondary plate58 of the
accelerator. The waveforms of Fig. 1 show test
results for gun and accelerator cores. The ap-
parent core input impedance, (primary voltage/
input current), is shown in Fig. 2. These data re-
veal the need for a modulator that can deliver a
constant voltage across aload impedance that var-
ies approximately 4 to 1 during a 0.4-psec pulse.

The core pulsing requirements for each
type of core are summarized in Table II.

system (500 kw now) would be excessive.
(c) The size and close linear stacking of the
cores creates a density packaging prog-
lem for the high-power pulse equipment
needed. ’
(d) The requirements of 50 nsec rise time
and a low jitter of£5 nsec are formid-
able tasks for a pulsing system of this
peak power and impedance level.

The initial development work centered
around hard-tube modulators developed for per-
forming acceptance tests on the large cores. This
equipmentll utilized a Westinghouse Type WX-
4366 in the final stage and was capable of an out-
put of 64 kv, 600 amp, for 0.3 psec. The re-
quired ampere-turns excitation was obtained by
using a 4-turn primary winding. For details re-
fer to the basic schematic, Fig. 3 and for the
test setup, Fig. 4.

This type of modulator performed very suc-
cessfully. Consequently, considerable effort was
expended ln the hope that a design applicahle to
the acrelerator ¢ould be evolved. 'I'he principal
advantages of hard tuhes are low jitter, pulse
shape control, low source impedance relative to
the load impedance, and possibly high efficiency.
The latter two items are most significant whenthe
load varies as in the case of magnetic cores. Var-
ious tubes were tested and several hard-tube
modulator designs accomplished.12 However, it
was apparent that available modulator tubes would
not be satisfactory, primarily because of cost and
size per megawatt of switch power.

Therefore, it became necessary to consider
the application of aline-type modulator. This type
of modulator canbe usedtodrive alow impedance

TABLE II
Typical Core Pulsing Requireménts

+Accelerator

Item Gun Core Core
1. Peak primary voltage™ 16,000 volts 12,000 volts
2. Peak input current™® 4,500 amp 1,800 amp

3. Peak power input® 70 Mw 21.6 Mw

4. Maximum input impedance 12.5 @ 17.5 @

5. Minimum input impedance 2.9 6.0 Q
6. Primary voltage rise time 40 nsec 40 nsec
7. Secondary voltage rise time 40 nsec 40 nsec
8. Primary voltage fall time 60 nsec 60 nsec
9. Secondary voltage fall time 60 nsec 60 nsec
10. Pulse duration over +0.50% portion 0.25 psec 0.25 psec

* Measured at the end of the 0.25—psec‘f1at region of pulse

Modulator Development

The core pulsing requirements and the re-
quired gradient of 20 to 30 kv/inch in the mag-
netic material created several critical design di-
lernmas. These were:

(a) To be able to switch very high currents
into an impedance which varies during
the pulse by 4 to 1 and at the same
time maintain 4i leasl £ 1,/2% veltage
regulation across this impedance.

(b) A reasonable efficiency is required or
the power demands for the complete

and by the use of conventional coaxialtransmission
linc (RG-213/U)itwas possible tolocate the equip-
ment any desirable distance from the cores. Thus,
it was possibletoevolve a system design which al-
lowed the positioning of the pulse equipment outside
the shield walls for the accelerator. Thisis obvi-
ously a strong maintenance and trouble-shooting ad-
vantage because observations canbemade during
the accelerator operation. The use uf coaxialtrans-
migsion lines allows the design of low inductance
and shielded connections to each core strap. The
main disadvantages-of the line-type modulator for
this application are a relatively high fixed source
impedance, jitter, and loss of efficiency caused



by mismatches.
made because:

(a) The ionization time reguirements are
shorter than 0.03 {-lsec. Size A igni-
trons were tested!3 and the shortest
ionization time recorded was 0.5 psec.

(b) Spark gaps were eliminated because it
was believed the failure rate of 500 in
service would be excessive.

(c) Magnetic switches9 were considered,
but due to insufficient design informa-
tion it was felt a long development pro-
gram would ensue.

(d) Hard tubes would be too costly and
bulky.

A summary of test results and comments
about various thyratron tubes is given in Table
III. This work concluded with the choice of the
type 5949A tube.

The voltage droop at the core {load imped-
ance) due to the mismatch between the coaxial
transmission line characteristic impedance and
the core is eliminated by a pulse shaper located
in the output circuit of the modulator. However,
the flatness is obtained with a sacrifice in effi-
ciency. The pulse shaper can be adjusted to pro-
duce an approximate ramp voltage to be trans-
mitted to the core (see block diagram Fig. 5).
Secondary voltages from the core have been ob-
served with a ripple less than #1/4% when the
pulse shaper is properly adjusted (see Fig. 5).

The output pulse is positive and is taken
from the cathode of tlie Lhyratron. This technique
improves the life of the RG-213/U transmission
lines to the cores by at least an order of magni-
tude. The peak pulse voltage on the output cables
can be 18 kv under maximum output conditions
and pulse shaper adjustment. The cable can
withstand many times (100 kv or more) this volt-
age under dc or long rise time pulse conditions.
However, under fast pulse conditions, corona
bursts occur during the rise and fall of voltage

The choice of a thyratron was
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and holes are bored through from the braid to the
inner conductor. !

The minimum electrical length of the trans-
mission lines to the cores is set at one-half the
pulse width (130 feet) in order to prevent reflec-
tions from arriving back during the pulse. The
maximum length is limited by 'cable attenuation
and will not exceed 200 feet. The pulse-forming
network consists of three 260-foot reels of RG-
218/U and one 130-foot length of RG-218/U to an
isolating resistor which is connected to the high-
voltage charging power supply.

The gun core, at an output of 16 kv, re-
quires three times the peak power of the acceler-
ator core. Three modulators in parallel will be
used to power the gun core instead of using a dif-
ferent design modulator. Refer to Fig. 5 for the
block diagram of the modulator and a simplified
equivalent circuit.

Design Features of the Modulator

The final design of the modulator system
consists of the pulse-forming network (PFN)
charging power supplies, PFN's in the form of
reels of RG-218/U, a switch chassis, trigger
system, pulse shaper, load cables, and connec-
tions to the core straps. The switch chassis,
which houses the type 5949A thyratron in a low
inductance enclosure, (see Fig. 6) is designed to
plug into the PFN and load cables. The PFN
cables are charged to 32 kv by external power
supplies. External units supply trigger and core
reset bias pulses to the switch chassis. The trig-
ger pulse is fed through an adjustable delay and
suitable grid isolation. The core reset bias pulse
is used to drive the cores into reverse saturation
in order to obtain the maximum possible flux
change. This pulse is fed to the output cables
through suitable isolation and is transmitted to
the cores by the load cables. The switch chassis
has a high frequency response resistive attenua-
tor which is used to monitor the cathode.

TABLE III
Test Results of Thyratron Tube Testing (0.4-psec Pulse)
Rating Tested At: Circuit
Imped- | Rise [Approx.
Peak P Peak P ance Time|Cost in
Cur- | Peak B Cur- | Peak B |Load + | 10 - [ Large
.| Volts|rent [Power|Factor [Volts | rent | Power|Factor|Source 90% [Quantity
Tube kv |amp | Mw [|x10-9 kv amp Mw x10-9 | ohms |nsec Comments
A 16 325 | 2.6 3.2 16 1600 12.8 1.5 10 60 21 [Did not at-
tempt higher
voltage
B 16 325 | 2.6 3.2 32 2240 | 36. 4.3 14.3 40 40 |Used a low in-
ductance ver-
sion & pre-
aged at 35 kv
C 33 |2000 |33 20 32 3850 | 61 7.4 8.3 100 600 |Rise timelong
D 33 {2000 |33 30 32 | 3850 | 61 7.4 8.3 25 1200 |High cost/amp
E 33 |2000 (33 40 32 3850 | 61 7.4 8.3 25 1200 |High cost/amp
F 25 500 | 6.25 6.25 32 2240 | 36 4.3 14.3 45 60 |[Prefire good,
Low cost/amp
% A - Kuthe 5C22; B - Kuthe 6587; C - Kuthe 1257; D - GE GL7390; E - Kuthe KU-74; F - Kuthe

and Tung-Sol 5949%9A

*
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The circuit details will be discussed below.

Switch Chassis (Fig. 7)

Switch and Housing. The 5949A is mounted
in an inexpensive cast aluminum housing with fea-
tures to minimize the insertion inductance. The
housing also reduces the x-ray radiation from the
grid-to-anode region that occurs primarily during
the PFN charging cycle. 15 The rise time of the
switch chassis into a termination consisting of
seven RG-213/U cables in parallel has been meas-
ured at 0.05 psec from the 10U tv 90% amplitude
points, see Fig. 8. Neglecting the ionization
‘time, the insertion inductance is 0.325 ph calcu-
lated as follows:

T -221/2Z

r
Tr 2 Zo
Le—=7"
where
T_ = rise time in seconds, 10 to 90%
r .
of amplitude
= 0.05 psec,
Z,= characteristic impedance of
charge line
_50
== ohms, -
L . 0.05X 1070 % 2 x 50
- 2.2 X7
= 0.325 ph.

Grid and Cathode Isolation. An unusual iso-
lation design is necessary in order to accomplish
the fullowing:

(1) Allow a low-frequency reset pulse (200

.psec lang) to pass to the cathode, but
. keep the fast cathode pulse from being
deteriorated by thc reset circuit.

(2) Allow the fast trigger (0.3-psec square
pulse) to appear from the giid to oath-
ode, but not affect the cathode pulse.

(3) In addition, supply heater and resey-
voir current via circuits that are iso-
lated from the cathode sufficiently so
as not to cause excessive ripple on the
cathode pulse.

The heater and reservoir isolation were
solved by the use of a special filament transformer
(T-1) designed for low secondary-to-primary ca-
pacitance (80 ppf maximum) and the ability to
withstand the cathode high-voltage pulse from
secondary to primary. This combination of re-
quirernents results in a somewhat bulky, ineffi-
cient transforrmer, however, this is of little im-
portance to this application. The addition of iso-
lating inductors in series with each filament lead
could be used to improve the response, if needed.

The choke L-2 was made by winding approx-
imately 100 turns of RG-58/AU on a l-inch X 3-
inch mandrel. The trigger pulse is applied Le-
tween the inner conductor and the braid. It is
coupled to the braid with a small 0.1-pf capacitor,
C-2. This capacitor is a high impedance to the
reset pulse, which is applied between the braid

* to-1 attenuation into 50 ohms.

and ground. The output of the choke L-2 is con-
nected as follows: inner conductor to the grid
(via choke L-1, which isolates the input trigger
line from a 30-kv spike that occurs at the grid
when the anode-to-grid region fires); and the
braid to the cathode. Thus, the trigger pulse ap-
pears satisfactorily from grid to cathode and the
reset bias pulse currcnt passes through the braid
to the cathode. The inductance of the braid is
sufficient to isolate the cathode from ground for a
pulse width of 0.4 psec. The inductance of the
braid is about 200 ph. The time Constant,Ll/R—ZS
wds set at 60 ¥ 10-9 which limited L to 3.3 ph.

A voltage develups between the grid and the
cathode due to transformer coupling through L-2
from the reset bias. This causes some variations
in anode firing or intermittent firing. In the final
system, the PFN's will be pulse charged in 1
millisecond and held at high voltage for 2 milli-
seconds before firing the switch chassis. The re-
set bias can be applied during the anode off time,
which eliminates any difficulty from the reset bias
feed-through to the trigger circuit.

Adjustable L'rigger Delay. The specifica-

tions for a trigger delay are:

Delay time pulse voltage 0 to 105 nsec

Peak pulse voltage 2500 volts
Pulse duration 0.3 psec
Response 20 nsec
Repetition rate, maximum 60 pps
Input impedance 50 ohms
Output impedance 50 ohms
Resolution 5 nsec

We were unable to procure a commercial unit to
meet our specifications. We adopted a design
using togyle switches and short sections of RG-
58A/U cable for delay. Standard toggle switches
were life tested and operated aatisfactorily al the
high pulse voltages.

Cathode Monitor. The cathode monitor is a
simple, high-resistive network designed for 100-
In order to obtain
the reyuired rosponse with minimum ringing, it
was necessary to put the divider string inside the
thyratron housing. In the final design the resis-
tors were molded into the cathode support in order
to save space and minimize possible breakdown
to ground planes.

Pulse~Forming Network

The network requirements for each switch
chassis are:

Peak voltage 32 kv
Pulse width, 70% amplitude 0.330 psec
Rise time, 0 to 100% 0.050 psec
Fall time, 0 to 100% 0.050 psec
Impedance 7.14 ohms
Repetition rate, maximum 60 pps
Flat portion, constant amplitude tuv 0.25%

Flat portion, minimum length 0.3 psec
Life at 32 kv, 60 pps, minimum 10,000 hours

Various types of pulse-forming networks
were considered and an early decision resulted
in the use of RG-ZIS/U transmission lines. This
decision was made because of the following:



(a) No known lumped-constant PFN would
do the job and it would be tiine consum-
ing to procure and test a new design.
The pulse characteristics of RG-218/U
are very satisfactory and result in low
ripple and fast rise time.

Limited life tests at 32 kv had been per-
formed with no failures.

(d) Short delivery.

(e) Low Cost.

An early decision was required in order to
complete the basic modulator design. The draw-
backs to the use of 218/U were the unknown life
at 32 kv, 60 pps, and the difficulty of handling the
500,000 feet needed. Subsequent life tests have
shown reasonably long duration, however, it is
apparent that a life less than 7,000 hours will be
attained. This is less than expected and a new
design will be needed for reliable operation at a
sustained repetition rate of 60 pps.

The physical handling of the cable has been
solved by winding the cable on reels and connect-
ing the ends to fixed plugs which are mounted in
racks. The cable reels are mounted on two plat-
forms as shown in Fig. 9. Ample room has been
allowed so that defective reels can be replaced.

(b)

(c)

Connector Design

Several varieties of coaxial connectors
were designed for use with RG-213/U and RG-
218/U at high pulse voltages. We felt it was very
desirable to avoid the use ul vil, however, the
small spacings allowable created a severe corona
problem. The corona eventually deteriorates the
polyethylene by boring through it and causing cat-
astrophic breakdown. In all of the RG-213/U con-
nectors a cylindrical sleeve of isomica (silicone
bonded mica) insulation was used to protect the
cable dielectric from corona bombardment. This
has worked satisfactorily and the connectors have
been life tested at 32 kv (actual use will be at
16 kv) for over 1,000 hours at 60 pps. This de-
sign protects the polyethylene from corona, how-
ever, after long use at 60 pps the corona causes
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deterioration of surrounding metal surfaces and
ultimately the connector must be serviced by
cleaning.

Performance Characteristics of the Modulator

The performance specifications required of
each modulator channel incorporating one switch
chassis and terminated in a resistive load of 7.14
(50/7) ohms are listed in Table IV

Peak Current

The maximum current demanded by the cir-
cuit (see Fig. 5) is

_ Ve _ 32,000 _ 32,000 _ 42
'm *Ze¥2Z “50,50 650 - 50 < 32:000
T'% @
= 2070 amp.

The modulator performs satisfactorily and does
not appear to be approaching a maximum pulse
current limitation.

Hold-Off Voltage

The anode voltage rises in about 2 msec (see
Fig. 10) and the switch chassis are fired about 1
msec after the peak voltage is reached. The mod-
ulator has worked well up to 32 kv under such con-
ditions. In order to obtain surh performance un
25-kv tubes we have pre-aged the tubes. The
aging process is a run-in time of 12 hours at 33
kv. The optimum reservoir setting is determined
during the aging process. A 5 to 10% reduction of
the manufacturer's recommended reservoir set-
ting aids in voltage holding. However, too much
reduction reduces the maximum rate of rise of
anode current (see Fig. 11).

Peak Power

The output is approximately 36 Mw and the
modulator operates satisfactorily. We have not
attempted to make higher peak power runs.

TABLE 1V

Peak power

OQutput voltage

Output current

Average power

Load impedance

Anode current (average)
Anode current (rms)
Pulse length (flat region)
Rise time (10 to 90%)
Fall time (10 to 90%)
Pulse repetition rate
Time jitter
Pulse-to-pulse amplitude jitter
Pulse ripple

36 Mw

8 to 16 kv

1120 to 2240 amp
680 watts

50/7 ohms +2%
0.054 amp

1] amp

0.3 psec

50 nsec

50 nsec

0 to 60 pps

+5 nsec
+0.25%

+0.25%
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Average Power

Twelve test modulators have been run at an
average power of 680 watts each,with a combined
running time of over 10,000 unit hours. The high-
est component failure rate was due to connectors.

Anode Delay

The anode delay is a function ot reperitivn
rate, peak current, anode voltage, trigger voll-
age, and possibly other things such as the ambient
temperature. We have experienced variations up
to a maximum of 40 nscc during a 15-minute pe-
riod after changing the répetivlun 1ale from 10 pps
to 60 pps. (See Fig. 12.) Similar variations oc-
cur when the anode voltage is changed from 20 kv
to 30 kv. The exact cause of this effect has not
been determined although it is felt that it is re-
lated to gas pressnure-that may be changing due to
increased tube dissipation (heating) at higher cur-
rents or repetition rates. The anode delay vs
trigger voltage is shownin Fig. .13 and clearly in-
dicatcs excellent performance above 1700 volts.

Jitter

The jitter is less than £2 nsec with the ex-
ception of the long-term drifts discussed above.

Prefire Characteristics

The life tests on the 6587 tube revealed a
prefire rate of up to two per hour at 32 kv, 60 pps
This would mean an average of nearly three per
second in a system involving 500 tubes. The
larger size thyratron (Type 5949A) was chosenin
hopes of reducing the prefire rate. Subsequent
testing showed that the type 5949A has an insig-
nificant prefire rate at 32 kv, using pulse charg-
ing of the PFN's per Fig, 10,

Output Pulse Characteristics

Rise times.of 50 nsec (10 to 90%) have been
realized into a load impedance consisting of seven
RG-213/U cables (7.07 ochms). This rise time
could be improved slightly by a lower inductance
coaxial structure, however, the tube inductance
will ultimately be the major limitation. This
rise time was adequate for our purposes.

Effects of Luad Shorts

The peak current rises to nearly 5,000 am-
peres if a short or an arc develops from cathode
to ground. The tubes will operate under condi-
tions of random faults and do not appear to be
damaged. Under conditions of a continuous fault,
our experience has been that other components
fail before the tube (insulator, or cables burning).
However, in some cases the tubes have been
damaged by running several seconds at the in-
creased current conditions.

Life Tests at 28 kv, 60 pps

Switch Tube. One type 5949A thyratronhas
been life tested continuously at 28 kv, 0.4 psec,
60 pps, for over 5,000 hours. This particular
tube has outlasted several designs of connectors
and mounting hardware. Several other type

. vember,

5949A's have been used in excess of 1,000 hours
without failure. Numerous tubes have been aged
satisfactorily up to 100 hours of life.

PFN. Tests on the PFN cable reels reveal
an approximate M'I'BF of 5,000 Lo 10,000 hours.
In a system of about 2,000 cable reels, the failure
rate may be excessive at both high repetition rate
aud liugh PEN weltage. Fortunately, a number of
experiments can be carried out at lower repetition
rates. A program has been initiated to design an
improved PFN.

Annde and Cathode Connectors. Various
connectours have bcen tested at a peak voltage uf
30 kv, 0.4 psec, 60 pps, and satisfactory opera-
tion has been attained in excess of 2,000 hours.
In actual practice, the maximum pulse will be 16
kv, therefore it is hoped this design will be suf-
ficiently reliable to operate nearly 3,000 connec-
tors in the system. It is expected that a preven-
tive maintenance program may be required to
clean parts corroded from ozone.

Conclusions

As a result of extensive testing and develop-
ment, we believe the type 5949A hydrogen thyra-
tron can be successfully used as the switching
component of a 36-Mw modulator and operate at

(a) four times rated peak current (2240

amp),

(b) five times rated peak power (36 Mw),

(¢) twenty times rated maximum amp/psec
(50,000 amp/ psec) . .

and yield reasonable life of three to five thousand
hours at 60 pps, 0.4 psec pulse width.
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FIGURE CAPTIONS

Fig. l. Compensated core waveforms.
speed 100 nsec/cm.

Fig, .2. Input core impedance (primary volt-
age/primary current) vs time during voltage
pulse.

Fig. 3. Simplified schematic of hard-tube
modulator used for core testing.

Sweep

Fig. 4. Core testing setup with hard-tube
modulator.
Fig. 5. Block diagram of modulator system.

Fig. 6. Switch chassis.
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Fig. 7. Schematic of switch chassis.

Fig. 8. Waveforms of output of switch chassis
terminated in a 7.14-Q load.

Fig. 9. Installation of PFN reels and racks
for switch chassis. (Showing about 40% of the final
system. )

Fig. 10. Waveform of pulse charging of PFN of
modulator. Sweep speed 500 psec/cm, vertical
sensitivity 10,000 volts/cm.

Fig. 11. Waveforms of core output showing ef-
fects of low reservoir settings. Sweep speed 100
nsec/cm, vertical sensitivity 7000 volts/cm.

Fig. 12. Waveforms from eight switch chassis
fired simultaneously showing variations in anode
delay caused by increasing repetition rate from 10

to 60 pps. Sweep speed 20 nsec/cm.
Fig. 13. Anode delay vs trigger voltage.
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Fig. 1. Compensated core waveforms. Sweep speed 100 nsec/cm.
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Core testing setup with hard-tube modulator.
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Fig. 8. Waveforms of output of switch chassis terminated in a 7.14-2 load.




Fig. 9.

Installation of PFN reels and racks for switch chassis.

(Showing about 403% of the final system. )
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Fig. 10. Waveform of pulse charging of PFN of modulator. Sweep speed
500 }.Lsec/cm, vertical sensitivity 10,000 volts/cm.
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Fig. 11. Waveforms of core output showing effects of low reservoir set-
tings. Sweep speed 100 nsec/cm, vertical sensitivity 7000 volts/cm.



<19 UCRL-6469

START OF RUN
30KV

10 P.P5.

-

NUTE AFTER
ETITION RATE
NGED TO

P P.S. AT 30KV

|
=]
A

M
RE
CH
60

15 MINUTES AFTER
REPETITION RATE
CHANGED TO

60 P.P.S. AT 30KV

MUL-15663
Fig. 12. Waveforms from eight switch chassis fired simultaneously show-
‘ ing variations in anode delay caused by increasing repetition rate from 10 to

60 pps. Sweep speed 20 nsec/cm.
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LEGAL NOTICE
This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behall of the Commission: '

A.. Makes any warfanty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the information con-
tained in this report, or that the use of any information, apparatus, method,
or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method or process dis-
closed in this report.

As used in the above, "person acting on behalf of the Commission "

includes any employee or contractor of the commission, or employee of such
contractor, to the extent that such employee or contractor of the Commission,
or employee of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract with the Commis-
sion, or his employment with such contractor.
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