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ABSTRACT 

A clinostat-irradiator complex has been designed and built at.the 

Lawrence Berkeley Laboratory. The purpose of these instruments is 

to study radiation effects on small organisms while they exist under 

various degrees of gravity compensation. Described herein is the 

integrated, experimental system. 



The Modified and Completed In Clinostat-Irradiation System 

Ira Lee Silver 

Donner Laboratory and Lawrence Berkeley Laboratory, Univer
sity of Cal±£ornia, Berkeley 

Introduction 

Two "In" clinostats have been d~signed and built in ou~ 

Laboratory under a joint program of the NASA Bioscience Div-

ision (Purchase Order #W12-792 Task 6 to the AEC) and the 

Atomic Energy Commission. l One clinostat is employed in con-

junction with a gamma irradiation source, and the other serves 

as a nonirradiation control. The purpose of these instruments 

is to study radiation effects on small organisms while they 

exist under various degrees of gravity compensation. possible 

synergistic or antagonistic relations of gravity compensation 

to radiation can help interpret results of biological studies 

in space flight and serve as controls for future satellite 

experiments. A previous report by the author (UCRL 19369, 

September, 1969), delineated the initial design of the clino-

stat-irradiator. Described herein is the revised, final and 

integrated system; complete with its own housing structure. 

1. Special acknowledgment is made to Dr. Solon A. Gordon of 

the Division of Biological and Medical Research, Argonne 

National Laboratory, Argonne, Illinois, who has served as a 

consultant on this clinostat development. The clinostats built 

in Argonne under Dr. Gordon's auspices served as models for the 

design of these present clinostats. 
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Theory 

A lTI clinostat provides circular rotation with uniform 

speed about an axis normal to the force of gravity. This con-

cept cannot provide a true weightless or free fall environment, 

because it precludes neither mechanical stresses nor subcellu-

lar tumbling and rotation, in biological regions off the axis 

of rotation. However, if the ensuing superimposed centrifugal 

forces are negligible, the clinostat provides the experimenter 

with the best feasible means of causing the vector averaged 

gravitational force to be zero for prolonged times. A more 

detailed analysis of the dynamics of clinostat motion is be
J 

ing prepared by the author for publication and is available 

upon request. 

More sophisticated "2TI" devices are possible whereby 

variable simultaneous rotation about a vertical axis will 

induce any desired fractional fgravitational" force. This ex-

tension has questionable utility since the same result can be 
( 

more easily obtained by tilting a lTI clinostat through the 

equivalent angle. 

by Solon Gordon, cf: Space Biology, proceedings of the 24th 

Annual Biology Colloquium, Oregon University Press, 1963, 

pp 75-105. Here a series of gimbal mounts are computer driven, 

enabling a point specimen to trace over the surface of a 

sphere so that the time averaged position, angular velocity, 

and angular acceleration are zero. In this manner it is hoped 



/ . 

to negate the possible effects of all external tropic stimuli 

on biological development. 

Clinostat Design 

The clinostats are identical, measuring 17 inches high, . ., 

17 inches broad, and 7 inches deep (excluding attached speci-

men holders) and each weighs approximately 100 pounds. They 

consist of nine parallel, horizontal, ventilated, rotating 

shafts, capable of operating at speeds of 2 to 91 rpm. Eight 

of these shafts are evenly spaced on the circumference of a 

9 inch diameter circle, at the center of which is located the 

ninth shaft. Simultaneous controls are provided by: a verti-

cal shaft rotating at the same speed as the horizontal ones, 

and by four horizontal stationary studs. 

Each clinostat is run by two, three-speed synchronous 

electric motors, enclosed in water jackets. The motors are 

placed in parallel and situated on diagonally opposite sides 

of the clinostat to ensure proper balance. Motion is trans-

mitted to the shafts from the motors via capstans engaging 

a flywheel, which then moves an endless Mylar belt snaking 

over one of two sets of shaft pulleys. One set of pulleys 

sets the shaft speeds at 8, 16, 32, 64 or 91 rpm; the other 

set reduces said speeds by a factor of four. In fact, the 

shaft speeds can be further reduced by changing the relative 

diameters of the flywheel and capstans. 

Figures 1 - 5 show different views of the clinostat, 

delineating the salient details. It is noted that several 



Ira Silvej - 4 

major design changes have been made to the original clinostat, 

described in UCRL 19369 and shown here in Fig. 6. The readily 

observable revisions have been the removal of the: vibration 

isolation mounts, internal leveling screws, and sliding track; - .. 
as well as the addition of the aforementioned stationary studs. 

The reason for these removals will be apparent subsequently. 

Bolt holes in the spacers (Figs. 1, 2, 5) will constrain the 

clinostats within special environmental chambers; the latter 

described in the section: Environment. 

Specimen Holders 

The ends of the horizontal shafts are accurately faced, 

and threaded 3/8-in. diameter by 16 threads per inch; the 

thread extending 3/8 inch from the end of the 3/4-inch shaft. 

Thus, any type of specimen holder adapted to fit onto this 

attachment can by employed. Because the clinostat must fit 

within environmental chambers, the length of the specimen 

holders must be less than 9 inches. The vertical shaft con-

sists of a polycarbonate tube (1.250 in. o.d. x 1.030 in. i.d.) 

with an effective length of approximately 9 inches. 

Interchangeable specimen holders have been made for use 

on the shafts. These holders are shown in Figs. 7 and 8 and 

shown attached to the clinostat in Figs. 1 - 4 and 6; the per-

forations allow for free air flow. Thus, if size permits, 

biological specimens can be constrained within pieces designed 

to fit in these holders. Some examples are shown in Figs. 

7·- 9. The screw arrangement shown in Fig. 7 provides a means 
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of disassembling the unit. 

Operating Characteristics 

Reference to gravity is made by means of bubble levels 

(Figs. 2-4, and 6). An azimuthal level, along the axis of 
/ 

the horizontal shafts, is readable to 1 part in 10,000. A 

horizontal polar level, at right angles to this one, is read-

able to 1 part in 2,000. When the clinostats are tilted 

(see section: Environment), a circular bubble level will be 

used to adjust the shafts to the vertical via a mirror arrange-

ment. Manual precision leveling screws will permit reference 

adjustment (see section: Environment). The shafts are paral-

leI to one another within 1 part in 10,000, and the vertical 

shaft is perpendicular to the horizontal to 1 part in 1,000. 

The sag of a typical specimen holder on the shaft was found 

to be negligible. 

Quartz-crystal oscillators (30, 60, and 86 Hz) are em-

ployed in the ac motor power supply. These, in conjunction 

with multiple-pole motor windings, provide a total of five 

motor speeds. Tests show that vibrations are lowest when only , 
one drive motor is used for each clinostat. The quietest 

motor has therefore been selected, and for each speed the 

electrical LC circuit values are optimized to give the least 

vibration. The resulting induced vibrations, seen at the 

shaft ends for the higher speed range of the belt-pulley setup, 

are as follows for both clinostats: 
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Frequency (Hz) # of poles rpm average fraction of IG 
II 

30 24 8 .00007 

30 12 16 .00016 • 

30 6 32 .00028 

60 6 64 .00034 " .. 

86 6 91 .00052 

The noise level in the clinostat locale was measured 

with an H. H. Scott type 410C sound-level meter in combina-

tion with an H. H. Scott type 420A sound analyzer. The scale 

employed was a flat "c" weight, which covers the frequency 

spectrum from 20 Hz to 20 kHz; the zero db reference level 

-4 2 was 2 x 10 dynes/cm. The noise generated by each clino-

stat averages about 47 decibels; varying by about 4 db in the 

speed range 8-91 rpm. 

Cesium Irradiation 

Irradiation capabilities are provided by a nominal 

strength 1000 curie cesium 137 source (1042 Ci on 8/28/65). 

As described in UCRL 19369, the source was originally confined 

with a seven ton lead shielded chamber. However, the source 

has since been installed onto a double track crane with a five 

ton lift capability (Figs. 10-11). The consequent irradiator 

system is contained within a concrete shielded room (see sec-

tion: Housing Structure). The crane has horizontal and 

vertical movement, both at an electrically controlled speed 

of 15 inches/min. In addition, the source can be electrically 

moved through 90° from a horizontal irradiating position, 
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Fig. 10, to a vertical position, Fig. 11. 

.. These motions can be regulated at the source, as well 

as via a control console located outside the source room. 

The console, of course, also controls the initiation and 

termination of irradiation. In addition, a manual scram 

button is installed within the irradiator room. A microphone-

loud speaker system allows for communication between the 

source room and the console. 

Dose calibrations show that a maximum irradiation rate 

for the source-clinostat geometry, is about 50 Roentgen/min. 

Proper positioning and shielding can reduce this flux to any 

desired rate. The crane-irradiator system has been designed 

so as to allow for the future addition of a stronger cesium 

source: ego 10,000 Ci, to be employed in conjunction with the 

present source. Since the precise dosage seen by a biological 

specimen will be dependent on the particular experimental 

geometry, it is possible to monitor all irradiation experi-

ments with small LiF.disks which can sandwich the specimens. 

Environment 

Both clinostats are housed in identically designed 

"environmental chambers", which in turn are contained within 

individual rooms (see section: Housing Structure). Various 

views of the environmental chambers are given in Figs. 1, 

10-12. 

As noted in Fig. 1, the chambers are free to pivot through 
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90° (with a stable position at 45°) so as to provide for 

sequential "vertical control" irradiation. This can be 

necessary since the geometry of the clinostats (Figs. 1, 6) 

is such that the vertical shaft and the horizontal shafts 

will not simultaneously "see" the same dose energy deposition. 

Manual precision leveling screws, located on the base on 

which the chambers rest (Figs. 1, 10 and 11), permit refer-

ence adjustments of the shafts in relation to the force of 

gravity. In addition, the leveling screws can be used to 

tilt the shafts off of the horizontal. Thus, any fraction 

of the gravitational vector can be applied, because the 

effective component is proportional to the sine of the angle 

of inclination. 

Conditioned air, supplied by an Aminco-Aire conditioner, 

will pass in parallel through both environmental chambers. 

The flow is through a closed system with air being bled from 

the main ducting via butterfly valves into each of the cham-

bers. Fig. 10 shows the bleed-off arrangement for the irradi-o 

ator clinostat: air passes through flexible tubing into a 

baffle system on the side of the chamber. The air is thus 

diffused in the chamber, prior to exhausting to the ambient. 
( 

Air filters, as shown in Fig. 10, are placed in each line, 

immediat~ly after the bleed-off point. In order to maintain 

a sterile environment, an ultraviolet germicidal lamp is in-

stalled at the air conditioner outlet. 

Resistance heaters (not shown in Fig. 10), installed in 

each line, after the air filter, supplement the heat supplied 

, . 
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by the air conditioner. In addition, these heaters are used 

in conjunction with two Wheelco temperature regulators to 

. - maintain a constant temperature in each clinostat. These 

regulators work on a thermocouple sensor input~ variations of 

less than O.soC can be obtained between the sensor locations 

at each clinostat. Thus, the procedure followed is to set the 

air conditioner at a temperature lower than required, and then 

set the regulators to the desired temperature. As a safety 

precaution, the resistance heaters cannot be turned on unless 

the air conditioner is on. 

Temperatures up to 40°C are available with this system. 

A ring of eight copper-constantin thermocouples monitor the 

clinostat temperature (Figs. 1 and 12). Convective air currents 

can, if not mechanically regulated, cause spatial thermal 

variations of up to 2°C. Additional thermocouples monitor 

the inlet and outlet air temperature of the environmental 

chambers. Thermocouple readouts for each chamber can be either 

continuously or intermittently plotted on respective sixteen 

channel recorders. 
( 

A concurrent relative humidity range of 20-80% is avail-

able from the air conditioner. Drier environments can be ob-

tained by utilizing desiccators within the chambers. The 

humidity is monitored by solid state probes, located within 

the baffle, i.e., the air inlet section of each chamber. A 

switch controls the continuous readout of each probe onto a 
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meter located adjacent to the channel recorders (see section: 

Housing Structure). Humidity calibrations are made with wet 
, . 

and dry bulb thermometry. 

Fluorescent, e.g.; ultraviolet, and incandescent, e.g., 

white, red, lighting is available within the chambers (Figs. 

1 and 12). The lights are not currently water cooled, but 

can be so adapted if lighting requirements result in excessive 

heat generation. Tests with a light meter, Photovolt 200 M, 

indicate that leakage of visible light into the darkened 

chambers is less than the meter's sensitivity, i.e., less than 

0.05 foot candle. 

Provision has been made to allow any desired "atmosphere" 

to pass over the test specimen~. The shafts on the clinostat 

are hollow. Tubes are attached ~o them through the clinostat 

face plate (Figs. 1, 2 and 11) and then passed out of the res-

pective chambers to any desired gas supply. In fact, one tube 

services two horizontal shafts, so that four separate atmos-

pheres can be employed simultaneously. 

The chambers have been lined with heavy lead foam padding 

so as to attenuate outside noise as well as dampen internal 

noise (Figs. 1 and 12). In a test using a sound generator at 

a distance of five feet to produce pressure waves up to 6000 

Hz, the attenuation was found to vary between 10 and 35 deci-

bels. The same measuring techniques and scale were used as 

described in the section: Operating Characteristics. The 
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sound level within both environmental chambers, with the 

clinostats not running, was 48 and 50 decibels for the air 

conditioning unit being off and on respectively. With both 

the air conditioner and the clinostats running the noise 

level in each chamber averaged about 52 decibels, varying by 

about 1.5 db over the speed range 8-91 rpm. 

Local and intermittent external "spiked" vibrations are 

found to be in the magnitude of 10- 3 G for frequencies down 

-4 to 2 Hz, and less than 10 G between 0.5 and 1.5 Hz. In 

general, therefore, the clinostat-induced vibrations are of 

the same magnitude as the externally generated ones. For this 

reason, the original vibration isolation mounts on the clino-

stat (Fig. 6) were removed so as to "short circuit to ground" 

the internally produced energy. Both environmental chambers 

rest on individual inertia platforms as shown in Figs. 10 and 

11. For the present, these platforms are rigidly supported 

from underneath. If it is deemed necessary, however, isolators 

can be installed to further reduce external vibrations; air 

mounts for example can "float" the platforms. 

Test Controls 

As noted at'the beginning of the above section, there are 

provided two means of running vertical irradiation controls: 

the vertical shaft on the clinostat allows for simultaneously 
I 

running test and control (although the control dosage will be 

slightly different due to the system configuration), and the 
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rotation of the enclosure chamber provi'des a means for a 

sequential control run. Similarly, there is available the 

horizontal stationary studs for simultaneous irradiation con- • 

troIs, as well as the second clinostat for nonirradiated 
. -. 

controls. 

Housing Structure 

The clinostat-irradiation complex is a self contained 

unit housed in Building 74-B at the Lawrence Berkeley Lab-

oratory. A schematic of the floor plan is shown in Fig. 13. 

Both the control and irradiator rooms are temperature con-

trolled and soundproofed. In addition, the latter room is 

concrete shielded, as indicated, and has a steel door (6.5 

ft high x 4.5 ft wide x 1 ft thick) opening to the outside. 

All electrical wiring, water cooling, and air ducting lead 

from the labo'ratory area to both rooms via ceiling and floor 

trenches. An interlock system isolates the irradiator room 

from the rest of the complex, during irradiation. 

All control operations are handled in the laboratory 

area. The air conditioner, temperature and humidity recorders, 

cooling water pump, an~ irradiator control console are all 

along the walls common to both the laboratory and the clino-

stat rooms. In addition, the laboratory and the adjacent 

Tribolium room contain the instrumentation and equipment 

necessary to perform exacting experiments. 
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eBB 716-2725 

FIGURE 1: CLINOSTAT, FRONT VIEW; CONTAINED WITHIN ENVIRONMENTAL CHAMBER. 

1 . stationary shaft 
3. gas and water tubes 
5. ring of thermocouples 
7. leveling screw 
9. accelerometer post and 

2 . rotating shaft 
4. l ights 
6. handle for tilting chamber 
8. a ir outlet from chamber 

electrical outlet 
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GBB 716-2480 

FIGURE 2: CLINOSTAT, VIEW OF TOP AND LEFT SIDE. 

1. azimuthal striders level 2 . vertical bubble level and mirror 
3. motor casing 4. gear for rotating vert ical shaft 
5. gas tubes leading to horizontal rotating shafts 
6. bolt hole for constraining clinostat 
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FIGURE 3: CLINOSTAT, VIEW OF TOP. 

1. polar striders level 2. flywheel 
3. stationary shaft 4. rotating shaft 
5. tension adjustment for vertical rotating shaft 
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FIGURE 4: CLINOSTAT, VIEW OF TOP AND RIGHT SIDE. 

1. striders levels 2. gear for rotating vertical shaft 
3. motor casings, (2) 4. bolt hole for constraining clinostat 
5. shaft pulley for the high speed range, with mylar belt 
6. shaft pulley for the low speed range 
7. shaft pulleys for transmitting power to the horizontal 

circumferential shafts 
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FIGURE 5: CLINOSTAT, REAR VIEW. 

• j 

1. flywheel 2. capstan 
3. motor casing 4. spacer 

GBB 714-2484 

5. shaft for transmitting power to the center horizontal shaft 
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FIGURE 6: CLINOSTAT, PRIOR 10 REVISIONS. 

1. vibration isolation mounts 2. sliding track 
3. mylar belt on shaft pulley 4. pulley for rotating vertical shaft 
5. horizontal rotating specimen holders 
6. vertical rotating specimen holder 
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XBB 699-6005 

FIGURE 7: CLINOSTAT SPECIMEN HOLDER; SPECIFIC ORGANISM ADAPTERS. 

1. screw to disengage sealing plug 
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FIGURE 8: CLINOSTAT SPECIMEN HOLDER SYSTEM; TRIBOLIUM EGGS. 

1. specimen holder 
3. spacer 
5. capillary tube holder 

2. sealing plug 
4. capillary tube, 1 rom diameter 

N 
o 
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left: repeating unit for pupae holder 
assembly. 

\ 

right: repeating unit .for egg holder 
assembly.: paper is porous to air. 

center: plug and spacer to constrain 
assembly in desired location 
within specimen :b,older. 

wash~,s provide spacing for air flow 
for each un! t. 
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FIGURE 9 : TRIBOLIUM EGG AND PUPAE ADAPTERS TO FIT IN SPECIMEN HOLDERS. 
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FIGURE 10: CLINOSTAT-IRRADIATOR SYSTEM; HORIZONTAL IRRADIATION. 

1. crane 
3. irradiator 
5. flexible tubing for air 
7. air filter 
9. main ducts for air 

2. controls for crane and irradiator motion 
4. port opening for irradiation source 
6. environmental chamber base 
8. location for resistance heater 
10. inertia pad 
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eBB 716-2729 

FIGURE 11: CLINOSTAT-IRRADIATOR SYSTEM; VERTICAL IRRADIATION. 

1. environmental chamber 
3. location for irradiation beam 
5. thermocouple plugs 
7. power leads 

2. opening to view striders levels 
4. baffle section of chamber 
6. water and gas inlets 
8. manual scram button 
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FIGURE 12: ENVIRONMENTAL CHAMBER; INTERIOR VIEW. 

1. fluorescent lighting 
3. bolt to hold clinostat 
5. l ead - foam lining 
7. snap to keep chamber door 

2. track for clinostat spacer 
4. a ir inlet 
6. power leads and gas tubes 

tightly shut 
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FIGURE 13: FLOOR PLAN OF CLINOSTAT-IRRADIATOR HOUSING COMPLEX . 

A, B, C, 
E 
F 
H 
I 
J 
K 
L 
M 

D, G incubator or refrigeration units 
sink 
fume hood 
irradiator control console 
ovens 
power console for both clinostats 
temperature and relative humidity recorders 
Aminco-Aire conditioner 
analytic balance' 
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