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INTRODUCTION 

The Cyclotron Laboratory of Washington University is the central 
facility on which are based a number of research programs, especially 
in the Department of Chemistry but also in other Departments and in the 
School of Medicine, for which accelerated beams of nuclear particles 
■ are required. The Laboratory provides working facilities and technicians 
in aid of such research. The Laboratory's staff maintains and operates 
the accelerator, and develops and perfects Improvements in performance 
and new modes of utilization. Its machine shop and electronics shop 
provide much of the specialized operating equipment which is needed, 
but can also be made available on a limited basis to fabricate research 
apparatus for cyclotron users who lack shop facilities of their own or 
who need the high level of technical excellence which the Laboratory 
shop can offer. 

Funding of the Laboratory's activities comes from three sources: 
(l) the U.S. Atomic Energy Commission, through a Special Research 
Support Agreement Contract AT(lll)1760, (2) Washington University, 
through its contribution to that contract, and (3) various research 
users of the Laboratory's facilities, through purchase of cyclotron 
time (if the research is not supported by the AEC) and shop time. 
Items (l) and (2) essentially provide for a "basic minimal level of 
laboratory operation" which includes daytime only operation for a 
five day week, (i.e. 35 hours per week, excluding startup time each 
morning) plus maintenance and repairs, plus minimal improvements. 
Item (3) makes it possible to extend operations to more hours per day 
and more days of the week, through hiring parttime operators, purchase 
of additional electric power, and amplification of repair and mainten
ance activity to keep up with the increased usage of the accelerator. 
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The point made on the previous page, that funding by the AEC and 
Washington University together, through contract AT(ll-l)-1760, is 
barely adequate for basic daytime operation about 35 hours per week, 
is well worth emphasizing. Throughout the history of AT(ll-l)-1760 the 
total level of cyclotron operation (hours per week) has regularly been 
higher than the contract can support, and by appreciable margins. There 
is every indication that the demand for cyclotron time will continue to 
exceed the "basic minimal level", as new applications and utilizations 
are developed, as has happened several times. Nor does the demand for 
specialized shop work on research equipment show any sign of abating, 
either. We have been trying to help meet this demand by maintaining a 
second machinist in the Laboratory shop, using mostly (80$) funds not 
provided at AT(ll-l)-1760. Incidentally, the presence of a second 
machinist has several times redounded to the Laboratory's advantage in 
connection with maintenance and repair jobs, either by permitting two 
men to hasten the completion of a rush job or simply by making four 
hands available where two aren't enough. 

The funding necessary to support expanded Laboratory operations 
and services in these ways can only come from contributions by the 
users themselves, from the grants and contracts which finance their 
researchers. To the extent that this involves sale of cyclotron time 
to non-AEC users, it might seem to be disadvantageous to those researchers 
whose support comes from the AEC, for whom the support via AT(ll-l)-1760 
is intended. But the fact is that much of the additional cyclotron 
time is assigned to and used by AEC-supported users. A quick check of 
the schedule of time assignments shows that AEC-supported Chemistry 
users have been assigned more than 85 hours of use per week, not 
including time for cooling periods or for routine maintenance by the 
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Laboratory staff. This is to be compared with the "basic minimal level" 
of operation of 35 hours per week for all purposes. 

Contract AT(ll-l)-1760 first took effect November 1, 1967 for 12 
months, and has been renewed three times for additional 12 month periods, 
through October 31* 1971. This Technical Progress Report constitutes 
an operations review covering the 12 month period ending May 31* 1971* 
just before the preparation of the Report began. Earlier Reports 
(COO-I76O-I, -2, and -3) cover periods of 7* 12 and 12 months and each 
ending on May 31 of the years 1968, 1969, and 1970 respectively. The 
Report has been divided into sections, each devoted to some aspect of 
the Laboratory's operations for the stated period. Various data relating 
to operations have been broken down and analyzed, to present a clear 
picture of Laboratory activities. For reference, Fig. 1 shows the layout 
of the under-ground cyclotron vault and the research area adjacent to 
it on the other side of a thick concrete shielding wall, while Fig. 2 
outlines some of the more prominent modules of the cyclotron beam 
extraction system. Other Figures have been included to illustrate 
certain improvements we have worked on during the past year, of which 
we are quite proud. 

SUMMARY OF CYCLOTRON USE 
Scheduled Use 

About 30 different faculty members and graduate students use the 
cyclotron. It is difficult to say just how many different projects 
they can be said to work on, but the number 12 is somewhere in the 
right ballpark. We attempt to accommodate everyone fairly by frequent 
changes from one user to another, typically about 10 to 12 such changes 
per week. Often this requires a change of ion or a change of energy or 
both, and perhaps a switch of the beam direction from one beam tube to 
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another. This kind of "quick-change" operation is quite different from 
that employed at most other accelerator laboratories, where it is usual 
to schedule a team of users for several successive days of 24-hour 
operation, with prolonged intervals of waiting, analyzing, and planning 
in between. Nevertheless the "quick-change" mode seems to be much 
better suited to the kinds of research and researchers utilizing the 
Washington University Cyclotron Laboratory, 

Obviously this encourages vigorous competition for time between 
users, and we long ago fell into the practice of setting up a regular 
two-week schedule which allots time among the faculty members, who in 
turn distribute their allotments among their students. The current 
schedule is shown on the next page, but the schedule is revised 
periodically as needed to reflect changes, progress, departures, etc. 
The letters (c), (P), and (R) refer to chemistry, physics, and radiology, 
respectively. The total time allotted amounts to 105 hours each week. 
The allotted hours are from 9:00 a.m. to 12:00 midnight, and include 6 
hours weekly for regular maintenance work and for cooling down after 
neutron runs to reduce residual activity which neutrons cause. Not 
listed on a regular basis is another physicist, Prof. Walker, of the 
Space Sciences Laboratory in the Physics Department, whose demands for 
cyclotron time are more sporadic than are others. The regular two-hour 
assignment to Nuclear Medicine (R) every Tuesday morning is used for 
production of F^", from which an appreciable part of the Laboratory's 
auxiliary funding is being earned. 

Actual Use 
Actual use (see Table l) totaled 2306.6 operating hours and 1818.5 

beam hours for the twelve months ending May 31* 1971. "Operating hours" 
means time read from a certain clock, which runs only when the filament 
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Day of Week 
Monday 

First Week 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

Sunday 

Wahl(c), Gaspar(C) 
deuteron runs to 
obtain neutrons 

Cooling off period 
Macias(C) 
Nuclear Medicine(R) 
We'lch(C) 
Maintenance 
Sarantites(c) 

Macias(C) 

Sarantites(C) 

Wahl(C), Gaspar(c) 
deuteron runs to 
obtain neutrons 

Cooling off period 
Welch(C) 
Hafele(P) 

Macias(c) 

Macias(C) 

(Hours) Second Week (Hours) 
6 Wahl(C), Gaspar(C) ■ 6 

deuteron runs to 
obtain neutrons 

1 
8 
2 
2 
4 
7 

Cooling off period 
Sarantites(C) 
Nuclear Medicine(R) 
Welch(C). 
Maintenance 
Sarantites(c) 

1 
8 
2 
2 
4 
7 

15 Sarantites(C) 15 

15 Sarantites(C) 15 

6 Wahl(C), Gaspar(C) 6 
deuteron runs to 
obtain neutrons 

1 Cooling off period 1 
2 Welch(C) . 2 
6 Sarantites(C) 6 

15 Sarantitea(c) 15 

15 Sarantites(C) 15 
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of the power tetrode is turned on in the cyclotron r.f. power supply. 
Operating hours can be approximately equated with total clock hours of 
use, since the filament is usually one of the first things to be turned 
on and last to be turned off during normal operation. Note however 
that some experiments, by their nature, use actual beam for a series 
of intermittent brief bombardments, with much longer intervals between 
during which beam is not required; this is particularly true of some of 
Prof. Wahl's neutron studies. In such cases, operating hours tends to 
give an inflated picture of the actual beam use. For this reason, "beam 
hours'1' is also recorded, which refers to readings of another clock, which 
turns on whenever r.f. power is actually fed to the dee of the cyclotron. 
Beam hours includes actual beam time used plus time spent in trying to 
tune in a beam. Obviously beam hours is always smaller than operating 
hours, since the latter includes time for changing apparatus, adjust
ments, target chemistry, and repairs by the experimenter. 

Table II presents a breakdown of beam hours used according to the 
kinds of particles being accelerated. Table III is spread out on two 
pages and is an analysis of consumption by different users throughout 
the year. Here it is possible to see what changes occurred during the 
period, as departures removed some users, examinations diverted others, 
some projects matured while others began to fade away. The major groupings 
in Table III are by faculty member, while graduate students are indented 
under the name of the appropriate faculty member for each. 

Several comments seem appropriate; 
1. Total use is down, from 3512 to 2306 operating hours, compared 

to last year. This decrease is almost entirely the result 
of two departures, (l) G. Siegel, physics graduate student, who 
completed his Ph.D. project, and (2) Prof. Reeder, who left at 
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Table I. Monthly Actual Use 
6-1-70 to 5-31-71 

Maintenance and 
Month 

June 1970 
July 
August 
September 
October 
November 
December 
January 1971 
February 
March 
April 
May 

Operating Hours 

222.0 
323.1 
284.9 
125.7 
119.6 
112.8 
114.1 
145.8 
99.6 
199.0 
272.9 
287.1 

Beam Hours 

159.6 
278.5 
239.3 
98.9 
64.0 
51.3 
73.4 
113.9 
79.0 
163.2 
240.0 
257.4 

Improvement Hours 

15 
15 
38 
30 
15 
15 
15 
15 
15 
15 
15 
15 

230606 1818.5 218 

Table II. Breakdown of Beam Hours by Ion Type 

Helium 3 
Alphas 
Deuterons 
Protons 
Carbon 12 
Nitrogen 14 
Cyclotron Tune 

442.6 

809.7 

230.1 

294.4 

14.1 (+4 ions) 
2.2 (+5 ions) 
25.4 

1818.5 



-8-

the end of August, 1970. Between them they account for about 
1000 hours of the drop. Both made long runs, in which the beam ' 
was maintained at constant level for several hours at a stretch 
with hardly any change, while data were accumulated on scattering 
cross-sections as a detailed function of scattering angle. 
Note the steady but modest use attributed to Dr. Potchen of the 
Division of Nuclear Medicine, of the Medical School. This 
is for production of F-*-" and is an income producer, which helps 
us maintain the Laboratory's operations at higher than the basic 
minimum level. 
There was a noticeable subsidence of activity between September 
and February, which did not occur the previous year. Again the 
phasing out of Mr. Siegel and Dr. Reeder by the end of the summer 
was a big factor. But a number of other early phase-outs 
(notable by students Hoffman and Phelps) were not compensated 
by phase-ins until March and after (notably by students 
Xenoulis and Lu and Prof. Hafele), representing new experiments 
approaching maximum activity. 
Overall "efficiency of use", defined as hours used divided by 
hours assigned, was 2306.6/5460 = 42.2$ for operating hours 
and 1818.5/5460 = 33o3$ for beam hours. The corresponding 
figures for last year were 64.3$ and 47.9$ respectively. 
This was caused by the trend away from the long runs needed by 
Mr. Siegel and Prof. Reeder, which are very "efficient" 
according to the definition used. At the same time there has 
occured some increase in several kinds of "inefficient" 
operation, notable those involving slow neutron bombardments 
followed by chemistry for the targets (Wahl) and, to u 'icisucr 

extent, the relatively short-run type bombardments done for Drs. 
Welch and Gaspar. 



D. Sarantites (C) 
M. Phelps 
A. Xenoulis 
E. Hoffman 
B. Braga 
N.H. Lu 
B. Atcher 
E. Ward 

M. Welch (C,R) 
M. Loberg 

E. Potchen (R) 
P. Reeder(C) 
A. Wahl(C) 

M. Fowler 
J. Lin 
G. Erhardt 
E. Vine 

P. Gaspar (C) 
P. Markusch 
Holten & Frost 

R. Walker (P) 
Burnett 
M. Seitz 
F. Geisler 
D. Zimmerman 

6-1-70 
1970 

Shull, Foster, Hafele(P) 
G. Siegel 

H. Potratz (C) 
E. Macias(C) 
Cyclotron Tune & Out 
Total 

;gas 

to 5-31-
June 

89.7 
22.4 
17.4 

17.7 

59.0 

~4~2 

———— 

11.6 

222.0 

Table III - Part 
-71 Operating Hours 

July 

~6~4 
43.2 
173.3 
10.5 

----

9.7 

53.1 

~4~5 

———— 

12.8 

1.0 

~6~7 

1.9 
323.1 

Aug. 
98.3 
11.9 
16.9 
~2~8 
27.8 
--—— 

11.7 

87.6 

~4~6 
2.6 

———— 

17.1 

3.6 
284.9 

I 
J (Tetrode 

Sept. 
50.2 

12.8 

1.2 
0.8 

— — — — 

~9~6 

22.8 

28.3 
125.7 

Filament 
Oct. 
35.2 
11.0 
5.9 

14.3 

3.6 

0.7 16.1 
5.9 
10.5 
———— 

2.5 

13.9 
<, 

119.6 

On) 
Nov. 

50.1 
~9~4 

6.1 

11.6 

2.6 
3.4 
5.1 
5.5 

———— 

~4~8 

— _ _ 

13.3 
0.9 

112.8 

Dec. 
6.0 

~2~4 
35.2 

7.9 
15.3 

7.3 
4.8 
5.4 
3.3 

———— 

~8~l 

0.4 
18.0 

114.1 

I 
vo 

I 



D. Sarantites(C) 
M. Phelps 
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B. Braga 
N.H. Lu 
A. Atcher 
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M. Welch(C,R) 
M. Loberg 

E. Potchen(R) 
P. Reeder(C) 
A. Wahl(C) 

M. Fowler 
J. Lin 
G. Erhardt 
E. Vine 

P. Gaspar(C) 
P. Markusch 
Holten & Fro 

R. Walker(P) 
Burnett 
M. Seitz 
F. Geisler 
D. Zimmerman 

Shull, Hafele, Fo 
G. Siegel 

H. Potratz (C) 
E. Macias(C) 
Cyclotron Tune & i 

6-1-70 

1971 

St 

ster(P) 

Outgas 

to 5-31 
Jan. 
12.9 

74" 8 

7.1 
9.2 

5.1 
3.2 

20.9 

12.6 

Table III 
-71 Operating 
Feb. 
5.0' 

2.3 

10.1 
12.2 

18.1 

10.4 

41.5 

March 
6.3 

41.7 

38*3 
8.3 
7.6 

12.7 
12.4 

l8~6 

18.5 

34.6 

- Part 
Hours 
April 
15.3 
70.3 
11.1 
87.0 

5.1 

5.7 
11.8 

0T7 

7.5 

l6~8 

26.6 

15.0 

2 
(Tetrode 
May 

186.1 

l4~8 
9.2 

2.2 

~1~8 

~6~9 

1.2 
34.8 

30.1 

Filament On) 
Prof, total Particles 

1298.1 

130.6 
85.3 
199.7 

101.5 

138.5 

52.2 

86.6 
0.4 

179.0 
34.7 

3He,<*d,p',aC ',"] 
^He,^ 

oL P 

i ^c+q 

<X P 
d 

3He W C ^ 
3He 
3 H e 
3He,°( 
3He,d, 

d 
d 
d 
d 
d 
d 
d 
d 

d 
• 3ne 

3He 
d 

3Heo( d,p 
C+« 

Total 
tf+S229.2 
108.0 
441.7 
190.7 
44.4 
263.I 
8.3 
12.7 
72.3 
58.3 
85.3 
199.7 
10.6 
46.8 
23.0 
19.3 
1.8 
7.5 

124.1 
6.9 
22.8 
1.0 
10.4 
16.8 
1.2 

79.9 
6.7 
0.4 

179.0 
34.7 

Total 145.8 99.6 199.0 272.9 287.1 2306.6 2306.6 



-11-

OPERATIONAL ACHIEVEMENTS 
Table IV summarizes in non-chronological order the variety of 

demands made by users upon the cyclotron staff to provide different 
particles at different energies. Parenthetical indications are 
given occasionally concerning maximum beam currents measured in the 
main target chamber, which is located just downstream of the deflector 
and ahead of the beam optics and switching magnet. 

Of some interest is the development of a routine production process 
for F18, by He3 bombardment of the oxygen in liquid water. With 25 MeV 
ions we can produce about 5 mCi of activity per microampere hour of 
bombardment. Thus 10 microamperes for 1.5 hours gives about 75 mCi 
yield. An agreement was reached with the Division of Nuclear Medicine 
(WU School of Medicine, Dr. Potchen) to provide 70 mCi per week for 
$200. To minimize interference with our operating schedule, an operator 
comes in an hour early each Tuesday morning and completes such an irradia
tion. The added income has helped greatly in meeting the discrepancy 
between total cost of Laboratory operations and the support provided by 
the AEC and Washington University through AT(ll-l)-1760o The distilled 
water used as target is loaded into a titanium bombardment chamber 
designed to minimize contamination of the water. The only other material 
the water contacts is a stainless steel vacuum-isolating foil and 
stainless steel withdrawal valve. The withdrawal system consists of a 
lead-shielded evacuated bottle with a rubber membrane cap and hypodermic 
needle attachment for the withdrawal valve. We have routinely been 
producing this isotope for the Division of Nuclear Medicine each week 
since November, 1970. 
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Table IV. Particle Energies & Some Maximum Currents in the 
Main Target Chamber 
6-1-70 to 5-31-71 

alpha 
12. 
13 
14 
15 
16 
18 
20 
22 
24 
26 
27 
30 

5 MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 

(llpa) 

(llna) 

^He 
10 
11 
13 
15 
19 
20 
21 
22 
23 
24 
25 
26 
28 
30 
32 
34 

MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 
MeV 

(lljia) 

(l3M-a) 

(24u.a) 

(21na) 

(l0|aa) 
(5.6pLa) 

£ 
3.09 
3.5 
4.0 
4.2 
4.5 
5.0 
5.5 
6.0 
10.0 

MeV 
MeV 
MeV 
MeV 
MeV(9^a) 
MeV 
MeV 
MeV 
MeV (lOu-a) 

d 
6.25 
10.0 
11.0 
13.0 
13.5 

MeV 
MeV 
MeV 
MeV 
MeV 

(I5^a) 
. 

(30na) 

12C4+ 14N5+ 

37.8 MeV (500 na) 50.8 MeV (10 na) 
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IMPROVEMENTS 
As in past Reports, our discussion of improvement projects 

undertaken during the year is broken down into three categories: 
(a) Projects intended to improve either the reliability or the 

convenience of operation of the cyclotron. 
(b) Projects aimed at general improvement in the utility of the 

laboratory or the accelerator for research users, but having no 
specific user in mind. 

(c) Projects directly associated with the research of some particular 
user, often shop work which might otherwise have been performed 
in some departmental shop. 

Te Improve Reliability and Convenience of Operation 
1. An automatically controlled compensating system was installed, 

which eliminates large fluctuations of the cyclotron beam current. 
The dee and dee stem of the cyclotron, together with the liners 
of the stem tank and the acceleration chamber, form a high-Q 
resonant circuit, which enables one to obtain a high accelerating 
voltage on the dee. The resonant frequency of this circuit is 
adjusted by moving the "spider", which short-circuits the stem 
to the surrounding liner, thus changing the length of the active 
portion of the stem. During the start-up period (and to a lesser 
extent during operation), changes of dee-to-ground spacing occur 
because of thermal expansion of the electrodes. This causes change 
of the capacitance to ground of the dee system and consequently 
of its resonant frequency. Since the dee is being driven at 
some fixed desired frequency, any change of the frequency from 
resonance for the desired value causes loss of dee voltage. 
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To counteract these capacitance changes, a motor-driven, grounded, 
compensator plate, which is held parallel to the outer wall of 
the dee, is repositioned in and out. It provides a controllable 
component of the total dee-to-ground capacitance, by means of 
which any thermal-caused variations can be cancelled. In the 
past this operation has been performed manually by the cyclotron 
operator, who depended on observations of diminishing beam current 
or dee-voltage to begin a repositioning. An operator could respond 
typically to not less than 5 to 10% error signal, even when his 
attention happened to be directed to the beam amplitude at the 
time when drift occured. 

This operation has now been automated, the'automatic system is at 
constant attention, and it responds to only about one percent 
error signal. The operator is now free to adjust other machine 
parameters while the dee voltage is beJng held steady. 

The automatic positioner functions as follows. Any increase or 
decrease of the resonant frequency for the dee causes a lead 
or lag phase shift of dee voltage with respect to drive voltage 
on the grid of the power amplifier tetrode. This relative phase 
is monitored and held constant. To do this, RF signals from the 
dee and the grid driver are rectified and fed to separate Ortec 
4l7 fast discriminators. The output from one passes through a 
0 to 75 nanosecond adjustable delay. Both outputs are displayed 
on a dual trace oscilloscope, and the delay time is adjusted until 
the signals are approximately 180° out of phase when the dee 
frequency is at the desired resonant value(see Fig. 3). One signal 
triggers the "start" and the other the "stop" for an Ortec 437A 
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time-to-pulse-height converter. Thus the amplitude of each output 
pulse from the 437A is proportional to the relative phase of the 
signals at its input. The regular succession of bipolar output 
pulses from the 437A is rectified and smoothed, to provide a DC 
voltage which can be compared with a reference voltage. The 
comparison is made by an operational amplifier, and the resulting 
signal is amplified and sent to the compensator motor, which 
positions to null. 

Improved protection against damage and disruption of service 
caused by internal cooling water leaks has been devised and 
installed. In September, 1970 the cooling water return line 
from the septum became obstructed in the flow safety switch. 
Unfortunately the safety switch does not recognize an obstruction 
at that location and consequently did not turn off the cyclotron. 
A solder joint then melted on the septum assembly, which opened 
a water leak. Before the situation was correctly analyzed and a 
manual water valve closed, considerable water had entered the 
vacuum system. This caused a one-week shutdown for repair of 
the septum and for drying and outgassing the vacuum system. 
Since this kind of leak leaves the vacuum system connected to 
the water reservoir until the inlet valve is closed, it was 
decided to put solenoid-actuated valves on all water lines just 
before they enter the vacuum system. These solenoids are closed 
automatically by the geissler system upon loss of high vacuum. 
The outlet lines have check valves in them. 
A remotely-operated motor drive was built and installed for the 
beryllium probe which is used to produce neutrons in front of 
the internal polyethlene moderator. This cuts down the amount 
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of radiation exposure for the cyclotron technician involved 
with switching over from neutron runs to other modes of cyclotron 
use. 

4. A target insert with a window was constructed for the new main 
target chamber. It Isolates the target from the cyclotron 
vacuum with a one-mil duraluminum foil. It permits gas cooling 
of a target and irradiations of materials that outgas badly. 

5. A gas-target insert was built for the new target chamber. It 
provides for irradiation of a gaseous target through a vacuum 
isolating foil. 

6. Portions of the compressed air system for the cyclotron-radiochemistry 
rabbit line were rebuilt, to give more positive seating of the 
rabbit in the hutch. All rabbits were refurbished and fitted 
with new leather washers. 

7. The new dee-transition-stem assembly was completed and is now 
awaiting installation. However, the cyclotron is performing 
so well and the operating schedule is so crowded that there are 
no immediate plans for breaking in to proceed with installation. 

8. A new 5-ton air conditioner was installed in the control room. 
It replaces a worn-out 3-ton unit and can handle the increased 
heat load in that area. It suspends from the ceiling, thus 
liberates the floor space occupied by the old unit. The space 
has been used to re-locate and expand the experimental research 
station located in the control room. 

To Improve General Research Utility 
1. An ion source has been designed and built for the production 

of multiply-charged ions heavier than helium. Without the new 
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ion source, we had already succeeded to accelerate and extract 
beams of C^" ions (500 nanoamperes) and N5+ ions (10 nanoamperes) 
during the past year. These beams were limited in intensity by 
the rather low maximum value of 250 volts on the ion source 
arc voltage. Also the operating life of the 70-mil tungsten 
filament cathode was only about 2 hours under the kind of 
conditions necessary for production of heavy ions. The new ion 
source is of the hollow anode type, with heating of tantulum 
cathodes accomplished by ion bombardment (see Fig. 4A, 4 B ) . It 
will permit arc voltage up to about 500 to 700 volts and have longer 
cathode life. 
A beam-sweeping system is being assembled with is designed to 
deliver every fourth RF beam pulse to a target area. The beam 
is to be swept back and forth across an aperture at 1/8 of the 
frequency of the cyclotron accelerating voltage. The sweeping 
oscillator frequency will be synchronized with the cyclotron 
frequency through a variable phase shift. Any beam pulse which 
passes between the sweeping electrodes when they are near 
zero potential difference will get through the aperture, but 
the next three pulses will be deflected against the collimator 
baffles. The aperture is to be located in the external beam 
tube near a focal point of the beam optics, while the sweeping 
electrodes will be installed some 10 feet closer to the cycltron. 
A major portion of the research station located in the control 
room was re-located from the "alcove" to the area formerly occupied 
by the old air conditioner, plus some adjoining floor space (see 
Pig. 5). Two more cabinets have been added to the station's 
facilities for future expansion. 
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4. A neutron howitzer and five 1.0-curie plutonium-beryllium 
sources were transferred from the School of Engineering to the 
Cyclotron Laboratory. This makes available a thermal neutron 
flux of approximately 10yn/cm2/sec for low-level irradiations. 

5. The autotransformer driver on the 4-inch quadrupole power 
supplies for 0° beam tube were rebuilt for slower speed and 
more precise focusing of the beam. 

6. Vertical and horizontal tweaker magnets were built and installed 
on the 0° tube just in front of the shielding wall. 

7. A four-jaw slit assembly was constructed and installed on the 
15° tube. It features independent adjustment of all four 
jaws. By contrast, our other slit assemblies provide only for 
variation of vertical and horizontal height of an aperture whose 
center remains fixed on the beam pipe axis. 

8. A remotely-actuated beam stop was installed on the 30° tube, 
just in front of the 4-inch quadrupoles. 

Projects In Aid of Specific Research Experiments 
1. Polyethylene sample holders for the 3-inch fast neutron cave 

were constructed for Prof. Gaspar. Their shape is cylindrical, 
with grooves on the surface for glass ampoules. The cylinder 
is rotated in the cave to obtain uniform irradiation of all 
samples. 

2. The modified magnet (formerly a 1/5 scale model of the cyclotron 
magnet) and associated scattering chamber, intended to study 
scattering at 180°, i.e. precisely backward with respect to the 
incident projectiles, was assembled and installed on the 
30° tube, downstream from the 43-inch scattering chamber. 
Vacuum, water and electrical connections were installed, and 
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the system brought Into operation. Experiments are now in 
progress by Profs. Sarantites and Hafele. 

3. A chamber for Prof. Wahl's beta-recoil experiments was machined 
in the shop. Two others of more advanced design are in the 
planning stage. 

4. An angular correlation table was constructed for x-ray work 
by Prof. Macias. It has two arms which are independently 
positionable in azimuth. Each arm carries a refrigerated 
detector holder which can be positioned radially (see Fig. 6). 

5. A miniature scattering chamber and associated target holders 
were machined for Prof. Sarantites, to be used in coincidence 
experiments. It has been installed on the 15° tube, in front 
of the mass spectrometer. 

6. A lead shielding house for the germanium detector was built for 
use by Profs. Wahl and Sarantites. 

7. A bombardment chamber for liquid targets, made of titanium, was 
designed and built for Prof. Welch. This provides for 
irradiation of liquid water by He3 ions to produce radioactive 
fluorine (F ) for medical applications. An automatic withdrawal 
system for the irradiated liquid was also constructed. 

OTHER EXPENSES, OTHER INCOME 
As emphasized earlier, we find it necessary to secure additional 

funding to supplement that from the AEC and Washington University via 
AT(ll-l)-1760, to permit more than minimal daytime operations five days 
a week. In this section the actual total costs of operation are compared 
with the amount provided by the AT(ll-l)-1760 budget, and the sources 
of additional funds or contributions in kind are outlined. Dollar 
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numbers or values are rounded off, and are given in thousands of 
dollars (K$). Since the contract year does not end until October 31* 
1971* the "actual" totals involve some estimates. 

Item 
Budgeted in 
At(ll-l)-1760 

Salaries, wages, and 
indirect costs based 
on salaries, plus 
fringe benefits 99.6 K$ 
Supplies, materials 
services 15.5 K$ 

Equipment 2.0 K$ 
Power 7.5 K$ 

124.6 K$ 

Total actually 
spent (est.) 

119.9 K$ 

15.5 K$ 
2.0 K$ 
7.5 K$ 

144.9 K$ 

Excess spent 
over budget 

20.3 K$ 

20.3 K$ 

The extra costs, all salary-related, break-down approximately as follows: 

13.4 K$ 
4/5 of second machinist, 
salary, overhead, fringe 
benefits 
Extra part-time help, 
as operators, drafts
men, general labor. 
Wages, overhead, fringe 6.9 K$ 

20.3 K$ 

The sources of extra funding to cover the extra costs break down 
approximately as follows: 

Dr. Wahl, 20$ of 
second machinist, 
from research grant. 
Sale of Fl8 for 
medical applications. 
Sale of irradiation 
to non-AEC users. 
Sale of shop time 

3, 

10, 

3, 

3 . 

.3 K$ 

.4 K$ 

.6 K$ 

.0 K$ 

20.3 K$ 
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Failure to achieve the estimated incomes from irradiations and 
shopwork would require that we cut back in some way near the end of 
the contract year or (hopefully) find some other as yet untapped 
source of support. 





i 



A / * 

■•% 

1 -!—^̂ „ 

t 
" ~ 

— i 

1 

["Tv 

x ' 



Figure 5 




