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CHAPTER I 

INTRODUCTION 

Statement of Problems to be Explored 

This work is concerned with a specific problem and a general one. 

The specific problem is to determine the energy levels of the nucleus 

S
.28 
1 , and where possible their parities and their spins. The general 

problem is an attempt to separate the mechanisms involved in deuteron-

induced reactions, by comparing the angular distributions of the emit-

ted particles for bombarding energies above and below the coulomb 

barrier. 

The reactionA1
27

(d ,n)Si
28 

has been done at two energies; one below 

the coulomb barrier, at a bombarding energy of 2.16 Mev, and one above 

the coulomb barrier, at a bombarding energy of 6. 00 Mev. The neutrons 

were detected and their energies measured by means of the method of pro-

ton recoils in nuclear emulsions. Both energy levels and angular distri-

butions of th e emitted neutrons were obtained, and an analysis of the an-

gular distributions at the higher bombarding energy has permitted deter­

ruination of parities and limits on the spins of some of the states of Si28 

The anomalous behavior of d euteron reactions was first notic·ed in 

. 1 
the exper1ments of Lawrence, McMillan and Thornton in 1935, in which 

the reaction yield was measured as a function of deuteron energy. It was 

found that the yield increased less rapidly with energy than was predicted 

b y barrier penetration theory of Gamow, and so suggested that the reaction 

1. Lawrence, McMillan and Thornton, Phys . Rey. 48, 493 (1935). 

1 
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After the first successes of the Butler theory, some cases were found 

in which the angular dis tribu tions of the emitted particles did not conform 

to the theory. First, there is the case reported by Burrows, Green, Hinds, 

7 21 
and Middleton, in which the protons emitted to the ground state of Ne 

· .h t. N 20 ( ) 21 d . . 1 d. .b . Th. 1n t e reac 10n e d, p Ne ha an 1sotrop1c angu ar 1str1 utlon. 1s 

is explained by the anomalous coupling of three d 
5
/2 particles to give 

J = 3 /2 ; the states formed by stripping are single-particle states andre-

quire only the stripped particle, so that many-particle states are much 

dis couraged in the stripping process. Presumably the formation of a three-

particle state requires enough rearrangement of nucleons that they can 

only be formed in a compound nucleus process in which a large variety 

of configurations are possible. 

The other anom alous angular distribution which arises is of the type 

reported by Middleton et al. 
8 

This is the case of particles captured to 

a virtual state of Q = 2. 22 Mev, the binding energy of the deuteron, for 

which there is a s ingularity in the Butler theory. 9 

Interest at the present time is centered about those effects which 

the Butler theory does not take account of , ·namely compound nucleus for-

mation and coulomb effects. The present experiments were undertaken 

in order to study the effect the coulomb barrier has on the angular dis -

tribution of outgoing particles . 

Current Theories of Nuclear Levels 

It has long been known that nuclei can exist in various energy states, 

7. Burrows, Green, Hinds, and Middleton, Proc. Phys . Soc. A6 9, 310 
(1 956). -

8. Middleton , El-Bedewi and Tai, Proc. Phys. Soc. A66, 95 (1 953 ). 

9 . Evans, Gre en and Middleton, Proc. Phys . S oc . A66, 1 08 (1953). 
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and an explanation of the properties of these states is one of the central 

problems- of nuclear physics. It was thought for .a long time that know-

ledge of the force between two nucleons would lead to an explanation of 

these states in the same manner as the energy levels of atoms were ex-

plained. However, the development of nuclear physics has t_aken quite 

a different course because the problems of the nuclear interaction has 

proved to be quite insoluble, up to the present time. 10 The accumulation 

o f data on the static and dynamic properties · of nuclei has led to the con-

struction of empirical models in an attempt to correlate the experimental 

knowledge acquired. 

Of the various models proposed, the shell m odel of Mayer, Jensen, 

and Suess, 
11 

and its extension by Bohr and Mottelson
12 

have led to a 

fairly complete understanding o f nuclear properties . The essential correct-

ness of the shell model of the nucleus is now not doubted, although details 

of the model, and its theoretical foundation are still obscure. The shell 

. model pictures nucleons moving as independent p articles in a potential 

well provided by the remainder of the nucleus. The model specifies coupling 

rules for the combinati9n of angular momenta, using the as surnption of a 

strong spin-orbit force between nucleons. In particular, at the "magic 

numbers" of nucleons, the nucleons couple their angular momenta to zero, 

forming a closed shell. Then the nucleus formed by adding or removing 

10. W. Rarita , Phys. Rev . 104, 221 (19 56). 

11. M.G. M ayer and J. H. D. Jensen, "Elementary Theory of Nuclear 
Shell Structure, 11 John Wiley and Sons, Ne-w York { 1955). 

12. A. Bohr and B. R. Mottelson, Kgl. Danske Videns k ab. Selskab. Mat. 
fys. Medd. 27 No. 16 {1953). 
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one particle to a closed shell has properties associated with that of the 

single particle, and has a particularly simple structure. 

The Bohr -Mottelson collective model deals with those nuclei which 

have many particles outside of a closed shell, and which are too com-

plica ted for ordinary shell-model calculation methods. This theory 

pictures the motion of particle outside of the closed shell as a mass 

flow which deforms the core into a spheroid. The rotating mass then 

has energy levels similar to those of a spinning top. The detailed pre-

dictions of energy levels and transition probabilities have been well veri­

fied13 for nuclei to which this model applies .. In addition, its success 14 • 15 

in accounting for the levels, spins and parities and transition probabili­

ties of the low-lying states of Al
25 

and F
19 

has led to hope that the pro-

perties of some other light nuclei may also be explained by means of this 

model. 

Another description of nuclei which has recently regained attention 

is the alpha-particle model. This model pictures nuclei as mad.e up of 

alpha-particles held together by some weak residual force, and perform-

. ' b . d '11 t' b h. 'l'b. . . l6,17 1ng v1 ratlons an osc1 a 1ons a out t e1r equ1 1 r1um pos1t1ons. 

The energy levels are calculable by the simple and well-knowh methods 

16 12 
of molecular spectroscopy. Only the levels of 0 and C have been 

13. A. Bohr, Lecture Notes, "Rotational States in Nuclei", California 
Institute of Technology ( 1954) (unpublished). 

14. Litherland, Paul, Bartholomew and Gove, Phys. Rev. 102, 208 (1956). 

15. E. B. Paul, Physica ..!:..!_, 1140 ( 1956). 

16. L. Rosenfeld, "Nuclear Forces", North Holland Publ. Co., Amster­
dam (1948). 

17. S. L. Kameny, Phys. Rev. 103, 358 (1956). 
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of a level by performing a number of reactions involving the levels, and 

observing which are forbidden by the conservation, or selection, rules. 

In addition, isotopic spin must be taken into account in reactions involv-

ing light nuclei. In practice, there is usually only a limited number of 

reactions possible because of the unavailability of a necessary target or 

bombarding particle, or an accelerator which gives th e desired energy 

to the particles. Also, one usually does not know the angular momentum 

of the born barding particles, and it is only in special cases that one knows 

the angular momentum of the emitted particle. When all these are known, 

the vector addition rules for angular momenta usually do not provide a 

unique answer. It is therefore frequently impossible to gain much know-

ledge of nuclear states from reaction data. 

Gamma ray spectroscopy is a very fruitful method for gaining know-

ledge of nuclei. Bound excited states of nuclei produced by any means 

will decay entirely by gamma radiation. In the Mev region, Y -ray 

energies may be measured by means of scintillation or pair spectra-

meters. Then with coincidence techniques the various cascades which 

take place may in principle be followed. Measurement of the angular 

1 t . f . 30 corre a 10n o success1ve gamma rays often leads to unique spin as-

signments for states, and measurements of the width for gamma emission 

sometimes leads to knowledge of the spins and parities of states. One 

can take the shell model estimates of gamma ray widths for the various 

multi poles, and if one takes account of the inhibiting factors discussed 

by Wilk inson, 31 in the simpler cases spins and parities can be derived. 

30. L. Biedenharn and M.E. Rose, Rev. Mod. Phys. 25, 729 (1953). 

31. D. H. Wilk inson, Phil. Mag. 1, 127 (1 9 56). 
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The angular distributions and correlations of the product particles 

from compound nucleus reactions can be predicted, if one knows the in-

coming channel spin, the outgoing channel spin, and the orbital angular 

momenta involved. Conversely, one of these quantities may be deter-

mined from an experimental study of the angular correlation if the others 

are known. For example, in gamma-gamma co-rrelation experiments, 

if the spins of two of the states involved are known, and the multipolarity 

of the emitted radiation is found by means of an angular correlation ex­

periment, the spin of the third state is then determined. 
32 

(3 -decay and K-capture are governed by two different sets of selection 

rules, the Fermi and Gamow-Teller. One cannot tell in any case whether 

one or both are operative, so that one must use both. The log ft is ob-

tained by experimentally measuring the half-life of a beta emitter, and 

from theoretical tables of f. Given ft, the degree of forbiddenness is 

known, and thus the parity and limits on the spin change in the transition 

are determined. 

The internal conversion process occurs when the excitation energy 

of a nuclear state is directly transferred to an atomic electron. The 

ratio of the number of emitted electrons to the number of gammas ob-

served is called the conversion coefficient. The conversion coefficient 

depends only on the charge of the nucleus, the energy of the gamma ray, 

and its multipole order. Thus by comparing the observed conversion 

coefficient with plots of those calculated for various multipole orders, 

32. D. H. Wilkinson, 11Illustrations of Angular Correlation Computations 
Using the Racah Coefficient Method, 11 Brookhaven National Labora­
tory, (1956) {unpublished). 
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the multipolarity of the gamma ray can be obtained. Given the multipo­

larity one then knows the spin and parity change between the initial and 

final states. 

The Importance of Neutron Spectra 

Since neutrons are notoriously difficult to detect, and it is yet more 

difficult to measure their energies, one might ask why neutron spectra 

are studied at all. Clearly, if the information sought can be obtained by 

means of charged particle reactions then there is no need to do neutron 

spectroscopy. The tedious work involv.ed in neutron spectroscopy is best 

reserved for studying nuclei which cannot be reached conveniently by 

another process. 

As was stated in a previous section, although in theory there might 

be many reactions by means of which a particular nucleus may be studied, 

in practice the availability of targets, bombarding particles and bombard­

ing energies limits the possible reactions. Also, some nuclei cannot be 

reached easily because the energy needed is too high. As a result it is 

often necessary to resort to neutron spectroscopy, or do without the de­

sired information. 

In theory there is an alternative method of obtaining the energy levels 

of nuclei which can be reached only by reactions leading to neutrons. This 

is by studying the gamma rays emitted from the excited states of the final 

nucleus. There are many difficulties in the practical use of this method. 

The excited state rna y decay by cas cades, necessitating coincidence 

measurements, some gamma rays might be extremely weak, and so be 

obscured by neighboring strong ones, or may originate from a final nu­

cleus other than that under study. The latter possibility arises because 
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a compound nucleus usually has several decay channels. The present 

day scintillation spectrometers are not suitable for the accurate energy 

measurement of gamma rays of more than several Mev, and pair spec­

trometers require a h igh gamma ray intensity before they can be used. 

At present the on ly suitable meth od of studying the higher states of nu­

clei reached in reactions leading to neutrons is still that of neutron spec­

troscopy. 



CHAPTER II. DETECTION OF FAST NEUTRONS 

Methods Of Fast Neutron Spectroscopy 

There are several methods available for measuring the energy of 

neutrons in the Mev region. In addition to the method of proton recoils 

in nuclear emulsions used here, others have used the recoil of particles 

in cloud chambers and in proportional counters, time-of-flight methods, 

and loaded emulsions. 

Keepin and Roberts 
1 

employed emulsions loaded with Li
6

, measuring 

the ranges of the particles from the reaction Li
6(n,a() H

3 
to determine neu-

tron energies. Unfortunately the neutron energy is a double -valued func-

tion of the sum of the ranges of the alpha particle and triton, but the main 

difficulty is that the concentration of Li 
6 

is necessarily low and the reaction 

cross-section is also low at high neutron energies. By choosing proper 

acceptance criteria, they were able to measure neutron energies, from 

thermal to 5 Mev with an accuracy of 0. 1 Mev. 

The cloud chamber method is at present chiefly of historical interest, 

but its characteristics are simple. Entering neutrons collide with hydrogen 

nuclei, knock out protons which form track s of condensed vapor droplets. 

Photographs are taken of the tracks, and measurements are made of the 

track lengths and angles. The kinematics, and a calibration of the ranges 

yield the neutron energies. The long operating time needed to accumulate 

a sufficient number of tracks mak es this method inferior to that of nuclear 

emulsions, which it greatly resembles. Its unique advantage is for neutrons 

1. G.R. Keepin and J.H. Roberts, Rev. Sci. Instruments 21, 163 (1950) 

13 
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of energy lower than 500 kev. Since the tracks are much longer in cloud 

chambers than in emulsions, for a given energy, one can measure the 

energies of neutrons of much lower ene.rgies in cloud chambers than is 

possible in emulsions. Bonner
2 

used a cloud chamber to study the neu-

. 19 20 
tron spectrum from the reachon F (d, n)Ne • The width at half maxi-

mum of the neutron groups was about 20% at neutron ·energies from 2 to 

10 Mev. 

The method of time-of-flight of neutrons has recently been applied 

by Granberg and Levin, 
3 

by Nielson and ·Warren, 
4 

.and by Bloom, Glasoe, 

Muehlhause and Wegner. 
5 

Nielson and Warren used time-of-flight to 

select neutrons in coincidence with gamma rays. By fixing the time delay 

at which neutrons are accepted, they can accept neutrons of a given en-

ergy. The half-maximum width was about 15% for 3 Mev neutrons. The 

experiments of Granberg and Bloom actually involved neutron spectros-

copy. In the Granberg system, the particle source is pulsed, and neutrons 

are produced with a fixed ene.rgy from the reaction T(p, n)He
3

• The neu-

trans are inelastically scattered from a target, and detected by a scin-

tillator. Elapsed time is measured between a fiducial pulse generated 

once per rf cycle pulse of the particle source, and the signals obtained 

from the neutron detector. Since the distance traversed by the neutron 

is known, its energy is then determined. The g.roup width at half maxi-

mum of this method is about 20% at 2. 5 Mev. The method used by Bloom 

et a1 for the inelastic scattering of neutrons is quite similar in principle, 

with the electronics and pulsing managed differently. In their experiment, 

2. T. W. Bonner, Proc. Roy. Soc. Al74, 339 (1940) 

3. L. Granberg and J.S. Levin, Phys. Rev. 100, 434 (1956) 

4. G. C. Nielson and J. B. Warren, Phys. Rev. 103, 1785 (1956) 

5. Bloom, Glasoe, Muehlhause and Wegner, Phys. Rev. 100, 1284 (1956) 
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the group width at half maximum was 13o/o for 1. 5 Mev neutrons. 

The time -of-flight method was included here not because of impres-

sive results obtained already, but because it is potentially the most accur-

ate method of neutron spectroscopy. One can take a standard time resolu­

tion of 10-9 seconds, and calculate the energy resolution for a reasonable 

flight path. The energy resolution is limited only by the intensity avail-

able, and theoretically 10 kev is not difficult to obtain. Further work on 

this method is clearly called for. 

The reason that a scintillator alone cannot usually be used for neu-

tron energy measurement is that no suitable material has been found which 

is insensitive to gamma rays. 
6 

Birks measured the inherent resolution 

of anthracene for 2. 5 Mev neutrons, in the absence of gamma rays, and 

found it to be 12o/o. 

The remaining class of neutron spectrometers is that in which pro-

portional counters are used. The purpose of such spectrometers is to 

produce an energy spectrum output in the form of electrical pulses whose 

amplitude is proportional to the neutron energy. Most designs are such 

that incoming neutrons produce recoil particles in a gas, and an ioniza-

tion chamber or crystal is used for detection. In some designs recoil 

particles are produced whose ranges are measured with absorbers. The 

technique used is to select only ,those recoil particles which make a small 

angle with the incident neutrons, by means of a coincidence requirement. 

As illustration of the mode of operation of these devices, two of the more 

interesting ones were chosen from recent literatu.re. 

Perlow7 describes a spectrometer which uses a methane filled cham-

ber divided into three parts, each of which is a separate proportional 

6. J.B. Birks, Proc. Phys. Soc. A65,453 {1952) 

7. G. J. Perlow, Pev. Sci. Instruments 27, 460 (1956) 
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counter. Entering neutrons produce recoil protons in the first chamber, 

and must pass through collimating slits to get into the second and third 

chambers. Pulses from the first and second chambers which are in coin-

cidence are accepted, and their pulse heights added, and pulses from the 

first and third chambers which are in coincidence are rejected. This 

assures that the particles stopped in the second chamber. The spectro­

meter is useful for neutron energies from 50 kev to 1 Mev and has a half 

width of the neutron peak of 9%. 

Johnson and Trail
8 

have a spectrometer for neutrons of energy 2 to 

20 Mev. Polyethylene radiators of various thicknesses are mounted on 

a wheel, so that any thickness desired may be used. The recoil protons 

then pass through a chamber which is divided into two parts, making up 

two separate proportional counters, and are stopped in a sodium-iodide 

crystal, placed after the proportional counter chamber. A triple coinci­

dence is required for a proton recoil to be accepted. There are also slits 

arranged so that the recoil proton must be at a small angle with the neutron 

direction. The width at half-maximum is 5. 3o/o for 13. 7 Mev neutrons, 

with an efficiency for neutron detection of 3. 6 X 10-
6

• 

The last method to be discussed is that of neutron thresholds. It is 

discussed last because it is not directly a method of measuring neutron 

energies, but may be used as a substitute for neutron energy measure­

ment in many applications. 

This method takes advantage of the energy sensitivity of two types of 

neutron counters. The long counter is a BF 
3 

filled proportional counter 

surrounded by paraffin with holes cut into the paraffin in front of the counter 

in the direction from which the neutrons enter. It is equally sensitive to 

neutrons over a wide range of energies. The second counter employed is 

8. C. H. Johnson and C. C. Trail, Rev. Sci. Instruments 27, 468 (1956) 
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a BF 

3 
filled proportional counter surrounded by paraffin, sensitive only 

to slow neutrons, of energy 5 to 50 kev in the experimental arrangement 

used by Bonner. 9 The energy of the bombarding particles initiating a re-

action is varied, until the threshold for release of neutrons to some level 

of the residual nucleus by the compound nucleus is reached. At this born-

barding energy, the ratio of counts in the slow neutron counter to that in 

the counter of neutrons of all energies has a maximum. In this way it is 

possible to obtain the energies of levels of nuclei reached in neutron emit-

ting reactions, without measuring neutron energies. The weakness of this 

method is that it depends for its efficacy on the energy width of a state. 

For a wide state the counter ratio shows no sharp rise, and states can. 

be missed by this method. However, its usefulness is attested by the 

large amount of nuclear data obtained with its careful use by the Rice 

group. 

THE METHOD OF PROTON RECOILS IN NUCLEAR EMULSIONS 

Brief Description 

Nuclear emulsions, like photographic film, are composed of a gelatin 

base into which are incorporated silver salts. The passage of an ionizing 

particle through the emulsion causes changes to take place in the silver 

grains along their path, and the silver grains may then be developed. After 

development, the tracks are measured. Track lengths are r ·elated to the 

energy of the incoming particle by means of calibrating experi.ments in 

which particles of known energy enter the emulsion. Nuclear emulsions 

differ from photographic emulsions in that photographic emulsions are 

several microns thick, and nuclear emulsions may be hundreds of microns 

9. T. W. Bonner and C. F. Cook, Phys. Rev. 96, 122 (1954) 
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thick. Also, the size of silver grains is carefully controlled, and the 

silver concentration is greater. When neutrons enter a nuclear emulsion, 

they have a probability proportional to the n-p scattering cross· -section 

of knocking out a proton from the hydrogen which is abundantly available 

in the gelatin. By measurement of the track produced by the proton, and 

referring back to the .calibration of the emulsion, the proton energy can 

be found. Then the proton energy is related to the energy of the entering 

neutron by the kinematics of particle collision; that is, simply through 

application of conservation of energy and momentum. Thus it is a fairly 

simple and straightforwa.rd procedure to measure neutron energies with 

nuclear emulsions. It is necessary to measure of the order of one hundred 

proton recoil tracks for each neutron group in order to obtain sufficient 

statistical accuracy in locating the average neutron energy. The length 

of proton recoil tracks varies from 14 microns at 1 Mev to 1097 microns 

at 15 Mev, so that measurement of the proton recoil tracks must be done 

with a good microscope. Consideration of the accuracy of measurement 

of the various quantities involved has led .to the adoption of selection cri-

teria for proton recoils, which will be described in detail. In addition to 

the measurement of neutron energies, the emulsion method is useful for 

the study of the angular distribution of the emitted neutrons, and finds some 

application in the measurement of absolute cross -sections. 10 

Composition of the Emulsion 

Nuclear emulsions are almost exclusively obtained from commercial 

manufacturers at the present time, who do not disclose the small amounts 

of sensitizing agents added, but the article by Beiser, ll and Yagoda's book, 
12 

10. L. Rosen, Nucleonics, p. 32 (July 1953), and p. 38 (August 1953) 

11. A. Beiser, Rev. Mod. Phys. 24, 273 (1952) 

12. H. Yagoda, "Radioactive Measurements with Nuclear Emulsions 11 John 
Wiley and Sons Inc. New York {1949) 





Figure 1. The plate camera used f or the 6 . 00 Mev deuteron energy 

exposure . The target chamber shown is not the one used. 

20 
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Exposure Arrangement 

For the present work emulsions were wrapped in aluminum foil, and 

placed edge-on to the target, at the various angles desired. The alumin­

um foil used is a heavy foil commercially available for wrapping frozen 

foods, and is about 0. 004 inches thick. Ordinarily two plates are placed 

at each angle, wrapped together, in order to insure that one has sufficient 

tracks, and they are ordina.rily developed and stored separately, so that 

if one plate is lost through an error in development, or if one set of plates 

peels in storage, at least one plate remains at each angle. The plates are 

marked in the dark with code num hers giving the reaction and angle, at 

the end of the plate which i.s aft of the incoming beam. The package of two 

plates is wrapped in aluminum, which essentially touches only the glass 

backing, and sealed with masking tape. 

The plate "camera" is an aluminum r ·ing of 7" radius, with aluminum 

blades set at intervals of 15° onto which the packages of plates are held 

with spring clips. The camera used in the 6.00 Mev bombardment is shown 

in Figure The camera used in the 2. 16 Mev bombardments is of similar 

construction, but made of lucite. The lucite camera was supported on a 

stand, while the aluminum camera was constructed to be fastened onto a 

flange at the exit port of the generator used. When positioned, the plate 

edges nearest the target were 4" from it. 

Development of Nuclear Emulsions 

Emulsions 400 microns thick were used in these experiments, and 

it is easily understood that they cannot be developed by the same methods 

as photographic films, several microns thick. The problem of develop­

ment has been the subject of a lot of research, and some quite elaborate 

installations have been devised for the uniform development of emulsions. 



The method used in the present work is not the best available, but it re­

quires little in the way of equipm-ent, and the results are good, if atten­

tion is paid to temperature control. 

The method of development is illustrated by the steps involved. First 

one soaks the plates in distilled water at room temperature, in a light-
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tight box, and places the box into a refrigerator at 4°C until the plate has 

swelled. Then the water is removed and solution A of the developer, pre­

cooled to 4 ° C, is put into the box, and it is again placed into the r .efrigerator 

until the developer penetrates by diffusion throughout the emulsion. Solu­

tion A is then poured out and solution B poured in, and the box again goes 

into the refrigerator until the second solution has penetrated. A warm 

period follows which brings the emulsion up to room temperature. Then 

the emulsions enter a stop bath, are fixed, and washed. 

The purpose of the swelling operation is twofold; it allows the developer 

to penetrate more easily, and also provides a gradual cooling to developer 

temperature; temperature shock cannot be tolerated in thick emulsions, 

because it produces severe distortions. Solution A is a development bath 

without the usual alkali, which causes the development to take place ex­

tremely slowly. Solution B contains additional developer, and an excess 

of alkali, and it is in this step that development really starts. The warming 

stage hastens development, and by removing the developing solution, slows 

down development at the surface by depletion of the developer, while allow­

ing the lower layers to develop. The m ·ethod outlined is that used at Los 

Alamos, as described by Rosen, 
10 

with some modifications. The formulas 

and times are as follows: 

Solution A 

0. 55 gm elan 

Solution B 

200 cc Kodak D-19 



12 gms sodium sulfite 

2. 2 gms hydroquinone 

I. 0 gm sodium bromide 

dis tilled water to make 1 liter 

8 gm sodium car bonate 

800 cc distilled water 
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Development Procedure for 400 Micron Plates: 

1. Presoak in distilled water 

2. Place in Solution A 

3. Place in Soultion B 

4. Warm development {dry) 

45 minutes. Water initially at 

room temperature, then plates 

in light-tight tank placed into 

refrigerator for the remainder 

of time. 

80 minutes at 4°C 

80 minutes at 4°C 

35 minutes at room temperature. 

Pour out developer and blot sur­

faces of emulsions. 

5. Place in 1. 5% acetic acid 40 minutes at room temperature 

6. Remove surface silver by rubbing gently with fingers • . 

7. Place in 1/3 hypo by weight solution for 1. 5 times the time ·it takes to 

clear the emulsions. 

8. Wash for 6 hours in a trickle of cold tap water. 

9. Place into 30% alcohol solution for 30 seconds to hasten drying. 

10. Place on paper toweling, glass down, to dry. Two days at high humidity. 

C -2 emulsions -are sufficiently sensitive to light that they must be 

handled under a dim red light, for instance, that provided by a Wratten 

#2 safelight. Extreme precaution must be taken in wiping off the surface 

silver, because the gelatin is soft at stage six, and easily scratched. Dis­

tilled water is required for mixing all solutions. Usually fixing takes over­

night, and after six hours in the full strength hypo, the solution is changed 



to half strength, 1/6 hypo by weight, for overnight. The plates are us-

ually cleared by the next morning, when the hypo is again changed. 

Difficulty was experienced in the processing if the room temperature 

was allowed to rise above 2.2°C, or if the wash water or. fixer was above 

0 
this temperature. No difficulty with water temperatures down to 15 C 

was ex:perienced. With excessive warmth, the emulsion tends to develop 

bubbles and reticulation. 

Drying mus't be done in a fairly humid room above 40o/o relative hu-

midity, to prevent peeling of the emulsion because of strains developed 

as the emulsion shrinks. 
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The hydroquinone and elon (which is the same as metol), are develop-

ing agents. Hydroquinone depends on the presence of an alkali for devel­

opment, but elon does n:ot. The alkali used here is sodium. carbonate. 

Potassium bromide acts as an antifog agent, and sodium sulfite is used 

to accelerate the developing action of elon. 

The plates are stored in a room in which the humidity is regulated 

to between 40o/o and 60o/o. One must avoid higher humidity because there 

is the possibility of mold forming on the plates. If, for some reason, the 

emulsion peels from the glass backing it can be softened in a solution of 

50o/o alcohol, and the edge of the emulsion cemented to the backing with 

Duco when it is nearly dry. The plate will then be usable except near the 

edges if this is carefully done. 

A hypo indicator is useful for determining when the fixer has been 

thoroughly removed in the washing process. A formula for such an indica-

. . b B . ll tor 1s g1ven y e1ser. 

Hypo Indicator 

water 180 cc 

potassium · permanganate 0. 3 gm 





Fi gure 2 . The coordinate system used for track l!leasurement , sho, • . 

i n rela t i on to the emulsion dimens i ons. 
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