
January 19, 1951 

Memor~ndum on Growing hotosyntbetic Organisms in Sunlight and Daylight. 

Lt(j- r:u~ -!frv 
This memorandum concerns a.n apparatus and method for grov ing photosynthetic . 

~J 
organisms. I f a suspension of~ cro;or;al)i ·ms , 

.....J'~~::...::t¥~~~F=-J 
a nutrient solution, is exposed to sunligh , the sunli5ht is not efficiently 

~ uti l ized since itsix intensity is too stron5 and photosynthesis cannot keep 
M. 

pace with the energy supplied~£' a concentrat~ suspension of al5ae is used 

and if it is very vi~u~ the utilization of sunlight can be improved 

to a certa.in point. ~use &Is every single micro-organi sm which reaches the 

surface and is then removed f rom the sur face by the motion of the nutrient liquid 
h~ 

in which it i s suspended,~se li6 ht .~ only for a short period of time 

~··· ~~ r between two longer periods of ~s, ana under these conditions, the utilization 

of light is better. This method of ~~~oJ~~tion of li5 ht ax has 

its l imita t ions, however, both ~anical damae;e which ..t22 micro-organism ..s

s.uffers JtJ!;;; solution is too vigorously stirred and also in the o>~hich ~ 
d;~v~-~ ~t,~ {; 
~orous stirring would involve. 

~ he present memorandum describes a method which ermits the utilization of 

sunlight XNX and 

utili zation both 

dayli 6 ht b:>- ph~nthetic or6 anisms end which give an improved 

in the absnecej nd with artilicial stirrint:. o1 r,he nutrient 

liquid in v.hich the uicro-or5 anisms are sus.t'enaed. 
¥ ' .~~ ~~ 

both 

toj continuous ana ~atch proeess/jZ.a ~F~o~n ...-n 

orGanism~~ 

1-ile of the method . In Fi5ure p, number( l )i a 

two~pare~ t~~~~ ~~ass or some pliable 

~r as shown in Fie;;ure I, or can be ci:eai:t . tilted toWHrd 

shown in Figure II.liRtk:e In the latter case it mi ght possible be t ilted 

so that tl:.e symetrical axis of t 1e V is parallel to the daily orbit of the sun. 



2. 

One feature of this arrangement consists in the following : Let us assume 

for the sake of argument that the plane of symetry of the supporting stand is 

parallel to the orbit of the sun and let us consi er the movement when the 

sun stands high . The rays of the sun which then fall directihy on the s l anted 

surface of either of the tubes will in part only 

these tubes and in particular they will be reflected and fall on the opposite 

tube. The small the an~:. le oc is which makes the openin6 of the V, the larger 
and the 

j s the fraction which will thus be ref lected ixtM the smaller is the fraction 

which are enetrated upon t he first The reflectea ~ ight which ?.ill 

then hit the f lat surface of the other tub e will do so at an ar15le which is larger 

than the angle of incidence at the first direct impact of sunlight, and therefore 

a larger chance of impact. This second reflection is followed by a return reflec-

tion and so on and fina ~y a lare,e fraction of the total incident sunlight will 

absorb will penetr ate into the tubes and will be absorbed by the photosynRthetic 

microor~ a nisms suspended in the nutrient li4uid in the tubes. The ertinent fact 

is tha t whil e the int ensity ot the direct sunli5ht impin6 in0 on a micro-orbanism set 

in the surf ace of the flat wall of the tube (on the inner s i de of the V) is reduced 

by t he f raction which i s ref lected on t he f irst impact. The total amount of the 

on~ or several times r eflected light 

The intensity of the ref lected li~ht, once or s ever a l times reflecte~ which 

hits the micro-or.:;anism mentioned before, will be lower than the intensity of tl:e 
f~ direct sunlg~ht f or 5 eometric reasons by a factor repr es ented by '1¥ oc . 
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Another feature of this arr an6ement consist in the following : 

The direct rays of the sun which penetra te without reflection the side of 

the flat tube containin~ the micro-or6 anisms in suspension will at noon strike 

the flat wall of the tube a t an an5 l e which i s the sma~ler the sma~ler is. 

I f this an5le is kept small an i f we have a dense suspension of algae, the 

light intensity wi thin the suspensi on will fall off very rapidly w-ith the dep th 

measured vertically to the tube wall. For a c, iven state of turLulP.nt flow of 

the sus.ension, t he time spent by any individual cell in t he l i 6 hted r egion nea r 

the flat wall of the tube will therefore b~ all the mc...ller the smaller is 

made . This effect a5c. in tends to i ncrease efficiency 01 hotosynthesi s in the 

tube in case of a irect sunlight . 

We have ther efore t wo 1eatur es both tenJin6 to increase the efficiency of 

pho t osynthesis in sunli~ht . 

Dep ending on the ti11e of the year to ward sunset and toward sunrise either 

the exposed s i de of t ,e fL t tube which faces north or else the exposed s i de of 

t he other t ub e which faces south will Ge t more sunlic;ht . In or der to have in 

bot h tubes about e4ual amounts of photosynthesis goin6 on, i t mi 6 ht therefore be 

pref~rabl e to adjust the inclination of the V-shaped hal er so t ha t the plane of 

symmetry be iN not paralell. to the daily orbit of the sun, but ra t her devia te from 

i t . And the devia tion may be so chosen that the tube which 5 ets more sun it 

sunrise and sunset, oe t smmewhat less sun towa rd noon time, and vice versa . 

Figure III chows another example , pr rticularly suitable i f instead of a continuous 

flow sys tem, a ba tch pr ocess i s desired . In F i 6ure IliA and B, we see a tray, 10 , 

which is x:e::t fi tted with a transpar en t cover 11. 'lhe cover fo r ms a series of V

shaped deep gr .Joves and the space between these V' s which ciescent into the liquid 

in t he tray . The space between these aaja cent V1 s inside t he t ray i s filled with 

li•.uid n the tra.y i s so oriented tha t t he grooves run east-west . 
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Memorandum on the growing of photosynthetic or~anisms in sunlicht and dayli~ht . 

by Leo Szilard 

This memorandum concerns an app ratus and method for growing photosynthetic 

organisms . I f a suspension of photosynthetic micro-organisms in a nutrient 

solution, for instance a suspension of algae, is exposed in a tray to sunlight, 

the sunli5ht is not efficiently utilized since the micro-or0 anisms close to the 

surface of t he nutrient solution are ex~osed to light intensity which is too strong 

and their photosynthetic activity cannot keep pace with t he rate at which they 

absorb radiant ener gy . 

The utilization oi' sunlight can be improved up to a certain point by using a 

concentrated suspension of algae and by vigorously stirring t he suspension. 

H-
In that case a micro-or0 anism m~ with the liquid which reaches the strongly 

illuminated layer close to the surface, will stay in that layer only fo r a short 

period of time, and is thus exposed to intense light only ~t period of time 

~ l onc;er periods of compar a tive darkness . As a result of this, the li.::;ht 

is utilized with greater efficiency in the process of photosynthesis by the sus-

pended al gae . This method of improvin.:; the utiliza tion oi' sunlight has its 

limitations , however, because to approach maximum efficiency it would be necessary 

to stir the suspension very vigorously, and t he cost which the operation of el~uipment 

necessary for such stirring would involve becomes from an economic ~oint of view 

a l imiting factor . Moreover, some algae might not be able to stand such vi5 orous 

stirring . 

AEx±Eg The present memorandum describes a method which permits an increase in 

efficiency of the utilization of sunlight and daylight by photosynthetic organisms . 

The method is applicable whether or not t he suspension i s s tirred and leads to an 

increase in efficiency whether or not t he suspension is stirred . The method can be 

applied both t o continuous ana to batch processes for growing algae or for the 

photosynthetic wicro-or0 anisms in general. Figure I shows an example which illustrates 
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a principle of the method . In Figure IA, number (l) is a V-shaped holder which 

carries two tlat transparent tubes (2) and (3), made, for instance, of ~lass or 

some pliable transparent ,vlastic material. Each of these t wo tubes is pressed 

1lat aeainst one side of the V-shaped holder by wires or straps (4) and (5), res-

pectively , fit a number or sites placed at intervals all al one; the axis of the 

V-sha'led holder . 

As can be seen in Fi15ure IB, the axis of the V-shaped holder is set east-west 

rather than north-south . The V-sh<.ped. holder can be so oriented as shovm in Fi gure t 

t hat its plane of s~netry is vertical or else it can be so oriented tha t its olane 

of symmetry c·m be til ted to ward the south (in t he Nort hern Hemisphere). In particular 

it may be so til ted. that the plane of symmetry becomes parallel to t he daily orbit of 

the sun. In that case the arrow in Fi5ure II will point towards the sun when the 

sun stands a t its highest at noon. 

In order to expl ain one of the f eat ure s of this arrang ement as it eff ects the 

ef ficiency of photosynthesis in sunli0 ht at about noon time, we may now consider the 

f ollowing (see Figure !!A): 

The ray s of the sun which f all at noon t ime on the flat side of the left tube 

which f aces south, will only partly penetra te into the tube and in part t hese rays 

will be reflected and hit the flat side of the ri15ht si de of t he f l at tube, which 

faces nor th . The ane, le a t which the sun r ays r~f lect f rom he flat s i de of the 

left tube hit t he f l at s ide of the right tube, wi l l depend on the an:cle ~ihich 

characterizes the V-shaped holder . The angle of incidence of the reflected. r ays 

at the li~ht tube will in any case be 6reater than the anble of incidence of the 
a 

sun on t,he lef t tube, and t herefore lar gerj fraction of the reflected rays will 

penetra te into the right tube t han the fraction of the direct sun r ays which pene t rate 

into the le t tube . If we choose the an0 le to be, for instance 60°, the rays reflected 

from the flat surface of the left tube will hit t he f lat surface of the right tube 

perpendicularly. In that case a large f raction of the rays will penetrate the right 

tube and will be absorbed in the suspension insi de the right tube . I f we assume 
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for the sake of argument that all the light im. inging on the flat surface of the 

left tube is reflected and t hen hits the flat surface of the right tube and is 

absorbed, then a micro-or6 anism close to the illuminated surface of the right 

tube would be ex~osed to a l i 5ht intensity iven by 



Mr. Lf. c. Coulter 

Leo Szilard 

Changeover from 4E Contract to 39 Contract. 

October 25, 1951 

BSD Dean's Office 

Radiobiology and .Biophysics 

I wish to go on record as seriously con

sidering trarut.ferrlng trom the 4E type contract to 

the JQ type contract, but I am 'Uflable at this time 

to say what reduction o.f salary I might find 

acceptable. 

LS/sds 
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