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FILM SCRIPT DESCRIBING UCRL ACTIVITIES 

UCRL HIGH SCHOOLTEACHERS PROGRAM 1957 

TITLE 

Meet the atom and the nucleus 

Producing atomic particles 

Directing and accelerating motion of charged particles 

Energy and mass increase of accelerated particles 

Use of high energy partides 
1) C:racbng atom, 
2) Wnat are isotopes 
3) Radioactivity 

Diagram of linear accele rater 

Diagram of linear accelerator showing pump and RF 

Pic of .Lon source 
1) A tank of hydrogen gas is allowed to diffuse into a 

chamber located within the shell of the Van De Graaff. 
2) By means of an electric spark, (of mercury vapor in 

the Hilac) the Hz gas :l.s bombarded with electrons which 
strip the atom of its electrons leaving protons (ionized 

Hz>· 
3) The positive ions produced in the iori source are drawn 

by electrodes to the shell of the Van De Graaff (the 
Cocke raft- Walton at the Bevatron). 

Van De Graaff gener"ator 
l) The high voltage on the generator is built up between 

the shell and the ground. 
2) At the ground point near the belt there are a series of 

rakes (sharp needle points) which are positively charged. 
3) These points attract the electrons from the continuous 

rotating rubber belt which runs close to the rakes at 
ground point and travels up to the rakes connected at the 
shelL 

4) The electrons jump off the belt on to the rakes leaving 
· thebelt positively charged. 

5) Bec;ause the belt is positively charged, when it passes 
the ra.kes attached to the shell, the electrons jump 
from the shell to the belt and are carried down to the 
rakes at the bottom to be grounded out. 

6) This leaves the shell positive in charge. 
7) In this manner nearly 4 Mev are built up by the generator 

between the shell and the ground, 
8) Protons plac-ed on the shell by the ion source are 

repelled by the shell down a tube running the length 
of the principal axis of the generator. 



Frame No. TITLE 

9 (cont'd) 9) The tube leads into the tank (resonant cavity) of 
the linac a~d is the injection system for the linac. 

10) The rings seen running around the generator are to 
assure an even distribution of charge and thus prevent 
the generator from arcing. 

11) The control for the ion source, belt motor, etc consists 
of nylon fish cord attached to the controls. 

12) The entire generator is enclosed in a pressurized 
housing filled with nitrogen at 7 atmos. The amour{t of 
charge that can be accumulated by the generator depends 
on its insulation. · 

13) The Van De Graaff itself is an useful accelerator for 
low energy radiation work. The beam is constant and 
well defined. 

10 Cavity with drift tubes 
l) The accelerated proton at 4 Mev is injected by the 

Van De Graaff into a tank or resonating cavity. 
2) This tank is evacuated and is 40 ft long and 3 ft in 

diameter. 
3) Thirty R. F. generators, oscillating at 200 me, ~re 

placed in a line to set up a vibrating electrical field. 
(This field is much like the vibrating column of air 
seen in sound resonance experiments). 

4) The vibrating electrical field is alternating positively 
and negatively. 

5) The positive pulses push the proton to higher energy so 
that the proton attains about 27o/o the speed o£ light. 

6) The negative pulsesJhowever,would stop the proton in its 
flight--hence the need for drift tubes along the major 
axis of the cavity. 

7) Electricity travels only on the outside of a conductor ... 
The proton 11hides 1

' from the negative pulse in one of 
the drift tubes during the time of the negative pulse. 
These tubes vary in length and are "timed11 so that the 
proton is outside adrift tube only during the positive pulse. 

8) In this way the proton receives 30 pushes in flight and 
thus attains an energy of 32 Mev. 

9) The beam is in a straight line and is well defined. The 
linac is used for medium-energy nuclear research. 

11 OgcjJlator 

l) The R. F. consists of 30 radar transmitters distributed 
along the length of the cavity. 

2) The transmitters operate at a frequency of 200 megacycles 
(me). 

3) The R. F. power is introduced into the cavity by loop 
antennae. 

4) Total R. F. power is about 2. 5 mega watts. 
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Pic of linac · 
1) The advantage of building in a straight line is a magnetic 

field is not required and the beam is well defined. 
2) However there is a greater space requirement for higher 

energy and the cost of radar transmitters begins to 
equal the cost of a large magnet. 

3) Hilac was built for the purpose of studying heavy 
isotopes. 

13 Baseball analogy 

14 Diagram of BEV 
(Starting at the generator room and readin·g clockwise) 

1) Positive particles from the ion source are propelled 
from the Cockcroft- Walton accelerator at 1/2 Mev 
(million-electron-volts) and are turned by the bending 
magnets into the linac. 

2) The linac accelerates the particles and they arrive at 
the inflector at 10 Mev. 

3) The inflector is an electrical turning channel which leads. 
the protons into the main donut-shaped chamber. 

4) The protons are kept in this donut-shaped path by use 
of magnetic bending. ' 

5) With each turn around the donut they pass the accelerating 
electrode and gather a little more momentum (energy). 

6) After traveling a total time of 1 3/4 seconds through 
a total distance of 305,000 miles the protons attain an 
energy of 6.2 Bev (billion-electron-volts =million-
million -electron -volts). · 

7) The beam of particles then runs into a copper .target which 
sprays a large quantity of debris in three directions. 

8) Through holes in the. concrete shielding the debris then 
passes into counters, bubble chambers and other devices 
for observation. 

15 Power house::--Note generators and banks of rectifiers 

16 Cockcroft-Walton static generator 
1) ·In' essence, the Cockcroft-Walton generator is a power 

supply that converts 20 kv, 800 cycle current to 500,000 
volts D. C. 

2) This potential is used to set up a field along the axis of the 
tube held between the charged plates of the generators 
capacitor (condenser). 

3) Whenever protons are injected into this tube by the ion 
source, it delivers them at 500 kv to the Linac injector. 

4) There are 700 microsecond bunches of 500 kv protons 
leaving the Cockcroft- Walton generator twice each second. 
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Linac and bending magnets (cf frame 3) 

Quadrupole focusing magnet 
1) Because of the strong magnetic field of the Bevatron, the 

particles leaving the linac injector would be thrown off 
course .. Hence a strong focusing magnet," 
called a quadrupole is used to define the beam. 

2) This four pole magnet has the same effect on the proton 
beam that a thin convex lens exerts on a beam of light. 
It defines the beam -forms an image of the beam (cf 
frame 3) (note: the television tube and the electron 
microscope use the same means to define the beams ' 
of electrons which for the pic.) 

3) These magnets weigh about 1800 lb and are 8ft long. 

Winding the magnet--Note the size of the cable and the direction 
of the winding forming field 90° to vacuum system. 

20 Overall pic of quadrant- -Shows four curved sections. Magnet 
·complete. 

21 Setting vacuum system in place--This is the tunnel the 
accelerated particles follow. 

22 View of tunnel--Tunnel is 4ft wide and 1 ft high. Note the crawl 
hole along the side for maintenance. 

23 Diagram of vacuum pumps 
1) The vacuum chambe~ is first sealed off. 
2) The mechanical pumps (farthest from the chamber) re

move the bulk of air and maintain an in balance of pres sure 
between chamber and the outside atmosphere. 

3) In the diffusion pump (middle item) a sheet of oil washes 
down the tube any oxy gas molecules it can contact. 

4) As a crowning touch pipes containing liquid nitrogen are 
in the space between the vacuum chamber and the oil 
diffusion pumps. A frost of solidified water vapor, 
nitrogen, carbon dioxide etc. forms on ·the surface of 
these pipes. 

24 Pic of vacuum pumps 
1) The mechanical pumps are outside the building and are not 

in this picture. 
2) The lower accordian-shaped section of each pump is the 

24 in. diameter oil diffusion pump. 
3} The upper square section of this system contains the pipes 

of liquid nitrogen. 

25 . RF--The injection is at 360 kc. Max. freq. is 2500 kc. R. F. 
power is 30 kw at 20 kv. This is the only point where the 
particle is accelerated. Note the radio broadcast frequencies 
are just about the same ... 550 to 1600 kc. A kc measures 
the number of vibrations or oscillations or changes in the 
direction of the current per second. 
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26 Accelerating electrodes __ This is like the antenna at a broadcast 
station. The R~ F. current is introduced into the vacuum 
system at this 'point. 

27 Diagram of a.beam pulse--Self explanatory. 
Note: 
---Spraying of beam at target 

Particles moving in straight line- -neutral 
Particles moving to left are--negative 
Particles moving to right are- -positive 

28 Flip target 
1) Coils are actuated by current as in a relay. 
2) The opposition of magnetic fields throws the target 

into position. 

29 Bevatron control room 
Note. interlocks; entire bevatron can be controlled by one man. 

30 Bevatron ave rall view 
Note: 

l) Crane with 30 ton hook 
2) Shielding blocks of cement 
3) Smaller blocks at tcl:rget areas 
4) Bubble chamber on left 
5} R. F. in background 

31 Gas counters (show geiger, proportional ~nd ionization) 

32 Scintillation counters. -Exposed view 

33 Counting room 
Not~ Patch panel for incoming and outgoing signals 

34 Cloud chamber diagram 
Note: Magnet·~has nothing to do with the trail. It merely 

determines -which way the particle win bend. 
1) Incoming mmring CHARGED particles displace the 

orbital electrons of the atoms in the chamber leaving a 
path of ions (ionized gas). 

2) The ions in turn act as centers of condensation of moisture 
if the relative humidity is sufficient. 

3) In the cloud chamber, an alcohol vapor is kept at proper 
temperature and pressure such that a beam of particles 
from an accelerator will leave tracks of droplets. 

4) These tracks can then be photographed by the cameras 
at the top of the chamber. 

5) The two cameras give a stereoscopic, three -dimensional 
view of droplets. 
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Pic of cloud chamber 
1) The cylinder at the top is a counting device. 
2) The cameras are at the bottom of the cylinder. 
3) The two donuts girdling the whole system are. coils of 

electro-magnets. The magnetic field is vertical. 
4) Thus the tracks from positive and negative particles may 

be distinguished by the direction of their curvature, 

Diagram bubble chamber 
1) In the cloud chamber we observe pictures of droplets 

that condense about ions. 
2) However in the bubble chamber we find bubbles that 

grow around ions. 
3) In the cloud chamber we have a gas that is too cold, 

in the Bubble chamber we have a liquid that is too hot. 
4) In an extremely clean and smooth container a liquid .may be 

heated above its boiling point without boiling. 
5) Liquid ether, liquid propane and liquid hydrogen have all 

been used in bubble chambers wherein. a superheated 
liquid is exposed to a stream of ionizing particles. 

6) These ionizing particles give tracks of bubbles as the 
liquid begins to boil. 

7) These bubbles are then photographed. 
8) The actual chamber is at the bottom. The chamber has a 

glass roof and floor. 
9) The pipes are to change the pressure in the chamber and 

thus control the boiling point. 
10) The chamber pictured here uses liquid hydrogen at a 

plus 2 7°K The storage tank for replacing the hydrogen 
in the chamber is surrounded by a wall cooled with liquid 
nitrogen. 

11) The entire system lies within an evacuated chamber which 
gives more heat insulation. 

3 7 Pic of bubble chamber 
1) The bubble cha~ber 1 s cycle is timed electronically. 
2) The chamber is decompressed so that the boiling point 

is lowered. , 
3) After 12 milliseconds (12/1000 of a second) the beam enters 

the chamber and leaves tracks of ions. 
4) Five milliseconds later, when the bubbles on the ions have 

grown to about 1/5mm in diameter, a strobe light flashes. 
5) The cameras are continually open and the film is moved 

during the dark time. 
6) Thirteen 'milliseconds after the strobe flash the chamber 

is recompressed. (A total of 30 milliseconds of decompression 
time). 

7) This relatively high speed mechanical system is now 
accomplished by a newer cylinder system than the one 
shown in the picture. In the new system a pressure tank 
and a vacuum tank are connected to a cylinder. The 
cylinder is powered by compressed air and its piston 
contains a hole. As the signal of compressed air fires 
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37 (cont'd) 7) the piston across the cylinder, the hole first passes the 
the vacuum vent and the pressure is dropped. One
thirtieth of a second later the hole passes the pressure 
vent which recompresses the chamber. 

8) The large tank on the right is the vacuum cavity which 
contains the N2 and H

2 
storage tanks and the bubble 

chamber itself: 
9) The box on top of the vacuum tank contains counters 

and two cameras. 

38 Pies from three different chambe~~ 
l) Propane is heavier than liquid hydrogen and gases are 

much lighter than either. 
2) As a result of the differences in density there will be 

differences in distances which particles of the same 
momen~um will travel before stopping. 

3) In these three pictures an electron of a few hundred Mev 
is pictured in each medium. 

4) One- and -one -half turns in propane corresponds to ten 
or fifteen turns in liquid hydrogen and to dozens of 
turns in the gases of the cloud chamber. 

5) . The· smaller spirals are electrons hit by gamma rays passing 
through the chamber. · 

39 V -particles~ 4 prong scatter 
l) Note: The unusual events in the next four frames are 

represented by diagrams. The beam particle tracks 
(nearly straight lines going from bottom to top) are 
most likely PI minus mesons. Some l in 500 is a 
negative K meson, or possibly an antiproton. Particles 
bent to the right are positively charged and are most likely 
protons. All four frames were taken from the hydrogen 
l:!ubble chamber which is a cylinder 10 inches in diameter. 
The walls of the chamber can be seen in some instances. 
'The venetian blind light filters are also visible in parts 
of these pictures, (the lines run roughly perpendicular 
to the beam). The spacing of these lines is l m:i.Himete:r. 
The short isolated s tratish lines are protons nudged by 
neutrons passing by. The curly tracks, with curvature 
less than the curvature of the walls of the chamber, are 
electron paths. The + and L marks are scratched on the 
top and bottom of the glass chambe,r. Any other dots or 
bubbles are probably stray bubbles. The hydrogen bubble 
chamber is populated almost exclusively by protons and 
electrons. 

2} If an incoming Pi meson hits an electron, all we see is a 
little curly hair on the side of the track because the Pi 
meson is over 200 times heavier. 
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3) If the particle hits a proton however, the story is 
different. Usually the Pi mesons is merely deflected, 
although often the proton and meson fuse and explode 
forming new particles. In this picture we see two such 
collisions. In one the rei sult is two neutral particles 
which in turn decayed, each giving one positive and one 
negative particle. This shows clearly that only charged 
particles leave ionized tracks. In the second collision, 
the momentum of the incoming particle is changed into 
mass in the form of one positive and one negative Pi 
meson in addition to the initial Pi minus and proton. 

Dalitz pair production 
Here the results of a collision is two neutral particles, a 

Pi meson and a neutron. The neutral Pi immediately 
decays into an electron, a positron and a gamma ray. 

Associated production and decay of V !fJarticles_ 
After the collision, 'IT - + p ~fJ · + e , the two neutral 

particles fly off Jeaving no track. But one of the 
particles, the e decays into a positive and negative Pi 
meson. The 1T+ comes to .rest and decays into a 
positive fl. meson and a neutrino. Of course, the neutrino 
leaves no track. 

Complicated tracks from zoo 
The incoming K meson had no momentum left at the time 

it joined with a proton. The resulting Pi + then 
bounced df a second proton. The electron + and 
pairs are formed as the energy of a gamma ray is 
transformed into mass. 

Diagram I of emulsion stack 

The multiple scattering microscope . 
1) This is a precision instrument (magnification up to 2500) 

measures the deflection a particle encounters as it 
travels through an emulsion. 

2) The deflection is due to the interaction of the incident 
particle with the various nuclei in the emulsion, and 
can be utilized to identify a particle and determine its 
mass and other properties. 

45 Diagram of Grid ()n emulsion stack 

46 Composite photograph of star emulsion 
Note how each pic is put together;grain is measured in 
microns. 
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46 (cont'd) ''This star was the first observed for which the annihilation 
process could be established. In this star a visible energy 
release of 1.3 Bev was observed. Such an energy release 
is greater than can be obtained from the complete 
destruction of one particle of protonic mass. Indeed, 
two particles oT"'j)rotonic mass --a proton and an anti
proton~~must have been completely destroyed, i.e., 
the two particles must have annihilated each other. This 
example thus provided the conclusive proof for the 
existance of the antiproton." 

47 Chart of elementary particles 

48 Chart of the machines (data and statistics) 

49 Cyclotron outside view and cutaway in upper left hand corner. 

50 Cyclotron, interior view,..-cf frame 48 

51 View of 37" cyclotron 
Note: .. This is of historical value. Left to right Livingston 

-and Lawrence., 
l) Discovered radioactive isotopes. 
2) Isotopes from this machine first injected into humans J 
3) Later modified to a synchro-cyclotroni 
4) · Now is at UCLA 

52 Applications of radio isotopes 
1) Biological chemistry 

a) Tracer technique--The use of radioactive isotopes as 
tracers, whether in biological, medical, industrial 
or other research, is fundamentally the same. 
Elements or compounds are "tagged" with radio
activity, which permits the researcher, equipped 
with a Geiger counter, to follow their path in the 
body,· in a-plant, or· in a test tube. This is much 
like tying a bell around the neck of a few sheep in a 
pasture- -the flock can then be located by the sound 
of the bells. 

b) Preparing c14 
-tagged compounds --Biological research 

deals principally with·.organic (carbon-containing) 
compounds. There are several thousand varieties 
of these compounds, including petroleum products, 
alcohols, sugars, starches, amino acids, hormones, 
fats, etc. A chemist can build the most useful 
radioactive isotope of carbon, cl4, into the complex 
molecules of these compounds, permitting scientists 
to trace these tagged molecules and the products into 
which they may be converted. Carbon 14 is thus a 
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14 ' 
Preparing C -tagged compounds ( cont'd) 

research tool of major importance in biological 
studies. The synthesis of c 14-tagged substances is 
a continuing program of the Radiation Laboratory. 

2) Photosynthesis 
Photosynthesis, life's essential process, is the method 
by which green plants utilize light energy from the 
sun.. The green pigment, chlorophyll, absorbs energy 
which is used to combine carbon dioxide from the air 
and water to form proteins, carbohydrates, and fats. 
In the process, oxygen is released to the atmosphere. 
Thus, nature 1 s giant chemical industry, carried on 
by green plants --varying from microscopic algae 
to giant sequoias --manufactu·res the basic materials 
and oxygen essential for living things. 

The complex chemical reactions of photosynthesis are 
not yet completely understood, but research, aided 
by use of ci4 as a tracer, is revealing some of the 
intermediate stages. A more complete under
standing of photosynthesis should enable man to use 
this fundamental process more efficiently; thus, 
total world food supply could be increased or more 
of the sun's energy could be CI:oave.rted to chemical 
energy in the form of coal, oil products, wood, etc. 

3) Medical research 
Radimsotopes have been used in the study of certain 
medical .problems for several years, and today 
they are finding increasing usefulness in research 
on a variety of c;liseases. Among such isotopes are 
those of the elements iodine, phosphorus·, carbon, 
sodium, iron, cobalt, hydrogen, yttrium, strontium 
and gold. 

a) Radioisotopes as tracers --The most important application 
of atomic energy to 'medicine is the use of isotopes 
in minute amounts as tracers to gain a greater under
standing of disease processes. With radioactive 
iron, for example, it is possible to discover new 
subtleties of anemia. Hidden facets of the syn-
thesis of proteins, complex 11 living" chemicals 
made up of amino acids, become apparent when 
radioactive forms of amino acids are administered 
to animals. Fat molecules, 11 tagged11 with radioactive 
carbon, help bring new understanding of diabets. 
With the knowledge gained from such research, 
physicians are developing new techn:lques for the 
diagnosis and treatment of disease. 
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b) Radioisotopes for therapy--Since radioisotopes emit the 
same types of radiations as X -rays and radium, their 
general effect on tissue is the same. Hence the logica~ 
sequel to the tracer work is the development of 
radioactive compounds which will localize in 
radiosensitive diseased parts. Where this is 
possible, one may attack disease by selective 
radiation without causing serious damage to 
normal tissues. Promising results have been ob
tained in treating polycythemia and some kinds 
of leukemia, two blood diseases. Efforts are being 
made to apply this 11 selective localization" principle 
to cancer. While such work is adding to our m~dical 
knowledge and is aimed ultimately at methods of 
controlling disease, much further research is 
necessary before these objectives can be realized. 

CO metabolism in rat--tracer method usirig c 14 

--~) The study of animals as indicated by the film is often to 
determine the changes taking place in the body. 
Chemical changes are influenced by food, activity and 
disease. To study chemical changes in the body several 
methods are used including the spectrometer, paper 
chromatogra~2Y· chemical. analysis and radio active 
tracers as C . 

14 2) The respiratory C 0
2 

analyzer is one aid in the study 
of metabolism. The effects of.diabetes and many other 
ailments are studied in this manner. 

3) The major end-products of the food:lngested is C0 2 " 
Until c 14,labeled amino acids, carbohydrates and ratty 
acids became available, the metabolic pathways and the 
rate of conversion of these compounds, of biological 
importance, into the respiratory C0

2 
were very largely 

unknown., 
14 4) Studying the rate of conversion of:C · •• 

compounds into respiratory C0
2 

is the pu,rpose of this 
instrument. 

5) The animal is placed in the metabolism cage and fed the 
radioactive compound. 

6) The respired air passes through an infrared C0 2 analyzer 
to determine the total C0

2
. 

7) The gas then passes through an ionization chamber and 
an electrometer to determine the amount of radioactive 

8) TCh? 2 · t' h d'. . fC 14 
J b . 1s por 1on counts t e 1s1ntegrat1on o as a as1s 

for the determination of the actual amount of active C0 2 . 
9) Studies are in progress both in humans and in animals 

to determine the effects of many factors including disease, 
age, drugs, radiation etc.· upon metabolism. It is 
hoped that such studies will bring us a better knowledge 
of the actual metabolic changes and better diagnosis and 
treatment of disease. 
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54 Monkey on treatment table , 
1) The purpose of this experiment is to destroy the 

pituitary gland without a surgical operation, for the 
cure of cancer. 

2) Earlier attempts were made to radiate the pituitary with 
X-rays and high speed electrons but because of · 
scattering in the tissue too much damage was caused 
to the brain. 

3) High energy particles such as deutex:ons have definite 
advantages for localized irradiation. 

4) The method used is to mount the monkey on the head 
holder which immobilizes the head. The monkey is 
anesthesized with nembutal and the apparatus is placed 
in 'position with the cyclotron beam aimed at the 
pituitary. 

55 Aligrl~ beam for cancer experiment 
1) Figures A, B, C, D illustrate the procedure in aligning 

the beam for pituitary experiment. 
2) A shows the deuteron beam (white spot) superimposed 

on the shadow of the crossed wires on the near X- ray 
film (which is developed by the spot). 

3) B shows the deuteron beam superimposed on the shadow 
of the crossed wires in proper position on the distant 
X-ray film. 

4) C shows the crossed wires in proper position to the 
occipitosphenoidal synchondrosis (area of the pituitary 
gland) . 

5) D shows the alignment of the skull to the crossed wires 
and the deuteron be'am. 

6) This technique was found to be relatively successful 
and led to the workcbne at the cyclotron on humans who 
had hopeless mammary cancers. 

56 Radiation treatment table for the treatment of cancer 
1) This table was built by the medical staff for the purpose 

of holding a human patient in position for radiation 
treatment of cancer. 

2) Very few doctors have sufficient confidence and skill to 
operate on the pituitary. 

3) X-rays and ordinary radio active substances produce 
intolerable skin burning effects or spread too greatly in 
their action. 

4) By means of this equipment a stream of 190 Mev deuterons 
or 340 Mev protons can be collimated to a thin pencil 
not more than 1 mm in diameter. These can ·penetrate 
flesh up to 30 em. 

5) Therefore if the head can be rotated in the right position 
in the beam, the desired treatment can be applied at the 
vertex:of the cone giving much greater intensity there than 
elsewhere. · 



OTHER EQUIPMENT AT DONNER LAB NOT INCLUDED IN THE PICTURES 

I. THE BALANCE ROOM 

Research in Bio-chemistry requires weight measurements to a high 
degree of accuracy. In the balance room there are scales which will 
weigh an object as small as ten -millionths of a gram. These valance 
scales have two major advantages: 

1) To achieve a balance, one merely dials the approximate 
needed weight and then reads the remainder needed weight 
on an illuminated dial. 

2) The balance is magnetically dampened to reduce the oscillation 
so that an accurate reading may be obtained in less than 
half a minute. 

II. THE CENTRIFUGE ROOM 

This room contains the greatest concentration of centrifugal force in the 
world. Two types of machines are used: 

Frame No. 

1) A preparatory machine the rotor of which spins at 40,000 rpm. 
The function of this machine is to separate and concentrate 
components of a sample. 

2) An analytical centrifuge, the rotor of which spins at 60,000 rpm 
functions at allow study of the size, shape, 
density and other properties of sub -microscopic particles 
such as blood proteins. This machine contains an optical 
system which allows indirect observation and photography 
of a specimen while it is spinning at full speed. 

TITLE 

57 Parabiont experiment 
1) PARABIONTS: (Surgically produced Siamese Twins). 

a) Parabiotic rats are normal rats that have been 
surgically joined together so that they have a common 
coelomic (abdominal) cavity.' Parabionts also share, 
in part, a common blood supply. This means that the 
liquids, chemicals, hormones, and even a good proportion 
of the red blood cells flow from one animal to the other. 

b) These rats are jointed by rriaking an abdominal incision 
from the xyphoid (point of the breastbone) to the flank 
and sewing together the muscles and skin of the 
abdominal cavity. 

c) Parabiotic rats have been used in studies of uremia 
(diseased kidneys), bacteriology, heat regulation, 
hypertension, and cancer. They are primarily used 
at the radiation laboratory in the study of endocrinology. 
At present these rats are being used to study the 
hormonal control of -red blood cell production. 

2) HIGH ALTITUDE CHAMBER: 
a) Erythropoes1s (mcrease in red blood cell production) 

is stimulated by an endricine hormone. The specific 
gland or glands that produce this erythropoetic hormone 
has not, as yet, been definity · established, One of the 
best methods of stimulating erythropoesis is by producing 
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2) HIGH ALTITUDE CHAMBER: (cont1d) 

an hypoxic condition (reduced oxygen concentration 
in the bloo.d) in a high altitude chamber. This chamber 
is specially designed to produce hypoxia in one of the 
parabiotic pair while the other rat remains under normal 
(sea level) conditions 0 

a) In the high altitude chamber, by ·controlling the amounts 
of nitrogen and oxygen given to each rat, one can produce 
conditions similiar to those found at 15,000 fL 
elevation for one rat while the other one remains at 
conditions found at sea leveL Thus, by the removal 
of the various glands such as the pituitary, 
hypothalamus'~ thyroid, adrenals, ·:or kidneys in one of 
the pair, one canthen, by determining the relative 
amount of erythropoesis in each animal, get some 
indication of whether or not that particular gland is 
producing any of the erythropoetic hormone, 

3)At the Donner laboratory there is also a large tank built 
for aviation medicine studies during world war IL 
Gas exchange studies were conducted to determine the 
degree of pre -oxygenation needed to get rid of nitrogen 
that gives aviators the bends. 

4) It has been used since in studies of the effect of reduced 
barometric pressure on the production and life span of 
red blood cells. 

58 Nuclear -chemistry 

59 Discovery of isotopes 
Isotope chart 

60 Hot box, interior view, like small chem. lab. 
1) An enclosed wooden box shielded with 2 inches of lead 

used to carry out operations with radioactive materiaL 
2) This 11 Junior size" cave is equipped with 2 inch tong 

manipulators and aluminum control knobs at the end of 
the handles. . 

3) Rubber glove ports are shown for handling mildly radio-. 
active materials in the hot box. 

4) All electrical apparatus controls are located outside the 
box. 

5) Box is equipped with air decontamination exhaust filter. 
6) Box contains centrifuge, test tube rack, hot plate and the 

usual semi-micro chem equipment. 

61 Cave room 
1) The cave room is used to handle highly radioactive 

materials. It is completely airtight and is surrounded 
by six inches of lead shielding.The windows are lead 
glass. Counters are located in the cave. 
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61 (cont1d) 2) The cave is equipped with remote controls and tongs as 
with the hot box. Targets are admitted from the rear 
of the hot boxes which are in the room. These hot boxes 
are a rather complete chem. lab. in themselves. 

3) Refinements of target materials are done in the hot boxes 
so that no radioactive materials such as gases remain 
in the hot boxes while passing the targets into solution. 

4) After the solutions have been made, the solutions may be 
transferred to the regular 2 inch shielded hot boxes for 
further refinement and then may be used by experimental 
chemists. · 

5) NOTE: Much could be added here on the precautions and 
care of personnel by the health-physics group here at the 
lab. 

62 Fractional absorption column 

63 

1) Crushed and sifted fire brick over which a high boiling 
liquid, such as carbowax, is placed makes up the center 
of the spiral column. 

2) This column is kept at a constant temperature by refluxing 
a liquid over the enclosed column. · 

3) Samples are introduced as liquids or gases into the column 
and eluded or carried through-the column by an inert gas 
such as helium. 

4) Higher boiling material clings more strongly to the liquid 
phase, the carbowax, then the lower boiling materials 
which allows a separation according to boiling points as 
the components appear at the other end of the column. · 

5) To detect the appearance of a ·component at the :other end 
of the column, a thermal conductivity cell registers on a 
recording graph. 

6) If the column has previously been calibrated, the identity 
and approximate amount of the component is known from 
the curve produced on the graph. 

Mass 
1) 

2) 

3) 

4) 

5) 

6) 

spec trome te r 
This particular mass spectrometer is used for analysis for 
organic liquids or gases. 

A small sample is bombarded with electrons causing ions of 
the sample. 

These ions are then accelerated through a curved path in a 
magnetic field. 

The radius of curvature of a particle depends on its 
momentum and the velocity of a particle depends on the 
applied voltage and its mass. 

Separations of different masses is accomplished by varying 
the voltage or the field. (In this machine the voltage is 
varied.) (Cheaper) · 

A recording graph may be connected to the ion detector which 
collects or detects the ions of increasing mass as the · 
voltage is varied giving a record of each determination of 
n1ass .. 




