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The following trip report covers the writer'c recent visit to
Fittsburgh, Schenectady and Gak Ridge. M

At Pitisburgh, the writer attended "The Fourth Annual “nalyti-
cal Symposium®™, At “chenectady, he visited personnel in both
the Research laboratory and K.A.P.L., to discuss a mmber of
sroblems. The visit to Osk Ridge included discussions with var-
icus technical neople at the threes sites,

For purpose of convenience, the r jort is drawn up in ten sepa-
rate scctions, these being as followss "Pittsburgh Analytical
Syuposium, Lass S»pectrography, 706-D Process, Redox Ananlyses,
Fission Counting, X-Ray Fhotametry, Fluorimetry, Fluoride Deter-
mination, Uistilled Vater Systems ~nd Persomnel',
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PITTSBUAGH ANALYTICAL SYMPUSIUM

The i’i.tt.sg&gh Anslytical Symposium was the most satisfactory teche
nical meeting that the writer has ever attemded. The subject matter of
papers was of considerable interest, the materiasl was well presented and
the display of scientific materials and instrmments was of vaJuo, Fole-
lowing is a brief abstract of the :noat pertinent papers:

Professor I. M. Kolthoff discussed a means of chemical analysis
based on reacticn rates, Systems having two components that react simile
arly with a given reagent are trcated with an excess of that reagent and
the extent of net reaction detsrmined after several suitable time periods.
The results are calculated with the zid of the rredectermined resction
rates of the separate comconents. The reaction rates of the separste com~
ponents should differ by mare than 3 to 1. The rethod benrs a merked sim-
ilarity to radic assays of nixtures containing several active elements.
Exsuiplies cited by the speaxer included nixtures of carbonyl compounds and
mixtures of compounds ccntaining internal and external double borxis.

Another subject discussed by the speaker vas the effect of induced
reactions on analytical pwroblams. In perticular, he discussed the rezction
involved in the determination of hydrogen peroxide with ferrous iron. In
the nresence of oxygen, the ferrous titration increases with increasing al-
cohiol contamination of the solution; this is due to an induced oxiaation
that consu.:es iron. Coaversely, in a nitrogen atmosphere the iron titra-
tion cecreases itk increasing alcohol content; this results from an in-
duced roaction that consumes peroxide,

A si.jlar situation exists in the rezction between ferrous iron and

persulphate and, to 8 smeli axtent, in the iron~permangunate reactioen,
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discussed & method for ovaluation of the emawnt of an isctwerde Inpure
ity present in an orgamlc compound. The method is based on the incre-
ased solubility of the compound plus lsomer in & solvent as a result of
the presence of the latter. a suitabls solvent is one that is saturated

¥
1

by 0.5 to 7% of the compound, that undergoes nor.ction with the solvent,
is pure and is moderate volatile. The solubility of the compound to te
tosted in this solvent is dotermined; 1if it is greuter than that of the
pure compound, as independently established, impurities are indicated.

Dr. wil.iam Lac Nevin of Chlio State University discussed the separ-
ation of rhodium and iridium by means of the controlled ecathode potential
technigue., The apparatus employed was that describgd by Lingans. Rhod-
ium alone precindtetes at -0.3V and iridium alons at -1,0V. . mixture
however, can not be soparated unless iridium is oxidiged to the tetravalent
shate, all forcign :omplead.ng agents are destroyed and the solution is
3.5 to amxonium chloride,

The speaxer indicated that it is, in general, best in exploying this
tochni,ue to start the electrolysis at a loo potential md increase the
latter gradually to the desired value. He pointed out that chlorine must
be absent to avoid the conse usnt attack on the aslsctrodes., Its presence
is avoideu by acding hydroxylsmine to the sclution.

Dr. V. A. Stenger of Dow Cheamicul Company described a method for sop-
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arating cesiux from other alkali metals, The method promises to oe of con-
siderable wvalue to us at Hanford., It is based on the relatively hizh solub-
ility of cesium bromide in Iree broaine as indicated by the following table:
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Bramide Splt

Lithium
Sodium
Potassiun
Rubidium
Cesium

In one exanple cited 0.0095 g. of cesiinn bromide was recovered by
2 single sepsration from a mixture comtaining 0,0100 g. cesium bromide
and 0,200 g, of potassium bramide,

Dr. Stenger distributed free samples of cesium bramide purified
by the above separation and indicated that Dow is looking for other cute
lets for material,

Stakowskl and Freiser ' f the University of Pittsburgh reported the
succesaful application of iscuinoline to thc determination of divalent
retals, copper and zinc in particular, If the sample solution is firat
treated uilh an excess of thiocyanate and then with isquincline, a pre-
cipitate of the general formula K(CNS), (IQ), is formed. The comper
sall precipitates at pll of 2,5 to 3.0. The salts of both copper and
zine precipitate at pH of 6.5 to 7.0.

The zinc selt nay be dried at 110° C; 4t has a graviretric factor
of 0.1486. In naking precipitations the author used 0.9 thiocyanate
and 0,2 isoquinoline, the latter being 708 neutralized with hydrochlo-
ric aéid. Over a wmide range of zinc ccntents, an average error of cnly
0.02 g, of zirc was reported,

Eleven exhibitors took part in the exposition of analytical tools.
The new, sirplified Beciman Spectrophotometer was on display; the instru-

ment 1s well des;i ned, siypler to operate than the prcsent more versate

all three caments is the arrengement whereby the scnsitivity control

=3
s
e
ile unit and well suited to routine applicstions. One Item in 1ine with :!7':,
2
w—
end slit vidth adjustment are combined into a single control, l“:""
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. Fisher Scientific Company displayed a "Grammatic Balance Magni-
fier® (No. 1=910-10), a small unit with a lens that greatly alds in
reading the vernier and rotating scale on the bettler Balance,

A novel idea in connection with a constant temperature bath sas
shown by one of the exhibitors, Heating was éupplied by an infrared
lanp located ocutside the bath and commected to the themmostat reley;
the lamp shown on a large black acreen in the bath, thus producing a
nzild heat, distributed over a large area,

The writer talked with Mr, R, Halvorsen, an aquaintance who has
interest in a grall instrument concern known as, Parker llalvorsen,

He described an autamatic titrator being deweloped, It contains a
light source impinging on a photocell; the sanp’e, containing a suite
able indicator, is placed bctweer these and the proper coler filter
placed in the light path. The titration is started cnd will conti-
mie until ths indicator color chanpe affects the transmitted light to
a predeternined extent sufficient to autaratically close the buret.

llalvorscn also further ceseribed a patcnted process for making

extremely fine (less than 10A) alumina and expressed bis desire to

find an outlet for the raterial.
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One of the major problems facing the Henford anplytieal Section
et the present time is that of the dstermination of comsntrations of
heavy metal isotopes; these include uranium and the trans-urenio
elements, The writer discussed this problem with meny people at Schen=
ectady and (ak Ridge, It was apparent from these discussions that we
must clarify our problems before we can make any progress cn the sub-
ject. Detsiled information is nceded or the nature of the samples to

gL
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be analyzed, their composition and concentretion range and the desired
precision of analysea. Ho intelligent selectlon of analyticcel met-
hods crr be cade without having this infarmation at hand.,

On January 26 the writer had a conference with G. M, Foust, J. G.

Hutton and J. G, leuland of the General »nygineering laboratory and F,
J. Lorton of Knolls. In particular the conference concerned eight

~nalytical lLass Upectremeters currently being Luilt by the Engincering = 4

2t

Laboratory, 23even of these are contracted for but the eighth is not.

This instrument is camplete except for the head snd the case; it wae

k. K 5 AR

pointed out that with this degree of .:ompletion the unit is ideally
sulted for invcstigations of & sultable source for handling relatively
non-voletile samples, Lr. Foust agreed, at my request, Lo hold this
ingtrurent for one month 30 a3 to jeimit us time to determine our need
and to institute authorization through regw’ i1r channels if we re uire
it, The sampl2s to be analyzed at lianford are non-volatile and conside-
erable experimantation may be nocessary to design a campatible mass
spectrogreph source. In view of this kir. Foust pointed out that this
investigntion right be most expedlently cone at Schenectady rnd sug-
gested that the problem could be sterted at once if we would finance it,
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The question of cbtaining an ion source from ocur non-voletile
somples will recuire investigation., Several mothods are available,
The sample moy be volatilized at high temperature frow a small fur=
nace or from a hot wire within the source enclosure, tiith the hot
filament tochnique it sbould be more aimple to devise o source to
pernit handling of multiple :xamples without breaking the vacuum be-
tween each, However, the hot filament cannot be expected to orod-
uce as uniform volatilizatlion rate as the hot furnace. Thc most de~
sirable nethod for making measurements 1s to scan the mess range,
this recuires a constant ion beam and, consequently, a uniform feed
of gas. It night be possible to develop the hot wire technique so
as to obtain direct iom emissionm and so eliminate the electron ionil-
zing beam; however, the same limitation anplies with regard %o uni-
formity of volatilization,

The majority opinion on type of source, favored orior cherical
conversion of the elements to a relatively volatile cempound, This
¢, inion resuits fram the successful experience with uranium fluoride
and frao the fact that there is limited knowledge on hand.ing of solid
srooles,

Ti:¢ conversion of urarium to the fluoride is carried wut in the
Oak Ridge leboratories with ease and dispetch, The sample is converte

ed to the oxide and hcated in a vacuum syster with CoFg; the L‘FI’ driv~
c¢n fram the mixture i3 condensed in e cold trap, None of the techni-

cal people who discussed thls problem with re hed informziion regarde
ing the beravior of the trems-urcsnic elements under this treatment.
Use of this procedure poses the rather cifficult problem of obtaining

frce fluorine for refluorination of the cobelt compound,
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F, %, Hurd at K~25 has initiated an investigation on the fomma~

Ruel2853

tion end use of uranium chloride for isotope studies with the mass
spectrograph. Free chlorine is an unsuitable chlorinating agent be-
cause it forms the nom-volatile UCl,. Carbon tetrachloride and prop~
Ylene dichloride will produce UCL 4 vhich 13 sufficiently volatile,
As a note of ceution, rercury pumps rny not be used with the instru-

ment if chlorine 1s present becausc HgCl has a rolecular weight identi-

cal with that of U2, Ko information was cbteincd on the volatility
of é}m chlorides of the trans-uranic clements., The above suggests the
necessity of raoking a literature search, and perhnps laboratory invegti-
gation.s, leading to selection of campounds of trans-uranic elements
that cen be employed in a sinilar manner. Such a campound should not
contain elements in the anion that have several isotopes since this
would cenfuse the massa s‘:ctrogran; iodide fulfills this requirement
but bas tne objection of high pass,

Drs. Kanne and Hurd both expressed the opinion that the limiting
sensitivit; to be expected fram mas: spectrographic analysis is about
0.1%. Presurably this lirit could be lowored slightly if an ideal feed
campound could be seiscted and if interfering masses sre absent, The
presence of high activity ir the smmple night effeet the ionizing, foc-
us'ng or collecting systems so as to reise this limit, Ancther point
nade by Dr, Hurd is that certain campounds will tend to »roduce greater
tperory® effcet than others.

Dr. Rorton predicted that w should have little trouble in set-
ting up and operating a G.E, nass spectrograph with the conventional
type of sample, He stressed the Gesirability of raving several techni-
cal people gain prior experience with the inst:ument end of having two
instruments on hand to facllitate handling different types of samples

o DECLASSIFIED
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and to permit operation during repair of one of them,.
Dy, Hurd quoteq his experience with the original G,E, spectroe-
graphs received at K-25; these required heavier duty camponenta ard

more efficient evacuation gystems.
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At the X-10 site in Onk Ridgg the writer discussed the captioned
process with kessrs, Kelly and tiyatt. The process is campletely des-
cribed in reports availablc at lianford. It consists briefly of addi-
tion of lesd, precipitation of combined lead and barium sulfate, con-
version to carbonate and then to mitrate, lead is removed electrolyti~
cally from the solution and barium successively precipitated as the
nitrate and chlioride from strong acid solutiocn,

Analyses currently made at Oak Ridge to support tho process in-
clude the determmination of bariium in the original solution and in the
electralyte after lead separation., Further barium determinations are
made upon each of the waste material obtained throughout the process,
Additional determinations include uranium in the originsl dissolver
solution and residual lead in the electrolyte,

Bariwm is determmined by adding barium carrier and meking three
successive precipitations of barium chloride from an ethexr-hydrochloric
acid sclution, The residue ocbtained is weighed to determine the re~
coverr and is then counted according to standard techniques, Uranim
is detemmined by the salicylate color method, and load is determined
by the dithizone color zethod or alternatively by polarographic means.
It was reported that the rethods are safisfactory and that good material
balances are obtained, Several of the waste solutiona contained sus-
pended natter so that no satisfactory aliquot could be obtained fram
them; in these cases the practice 1s to estinate the totel volume of the
samplo and dissolve it canpletgfyin nitric acid, The solution is made
to one liter rnd suiteble aliquota taken from this for analysis,
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The main problem involved in the determinations, and one that
vill require considerable attentign if tho process is installed at
Hanford, concernps the high activity. The laboratories in which the

RW«12553

determinations are made at Osk Ridge were not designed for the pure
pose and are reported to be unsuitable in many respects. It is nec-
casary to have many of tho operations performed behind heavy shield-
ing that coampletsly protects the operator, thus remote control tech-
nique must be highly developed. The principal operations to be hand-
led in this manner include the initial sampling, the subsequent dil-
utions and the beriur chloride precipitatlon steps, In addition,
since uraniuwm is deterrined on the dissolver solution, these opera-

tions must be comducted wlth adequate protection.
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There has been congiderable investijation at KAPL on the deter-
cination of Pu by the TTA extraction procedure; Dr, Cefola has cars
ried out the rajor part of this work. During a digoussion, he stated
he plans to visit Hanford in the noar future to exsmine our methods
of handling active solutions.

In bris{, the procedure employed in this determination is as
folloms: adjust 10 ml, of sample to approximately 0.25M BRO3; higher
concentrations may be satisfactory but the value must.be above O,1M

to avoid hydrolysis of uranium, iLake the solution about 5 X 10%4l.
to KoCrg07; this addition has been found to promote camplete Pu re-

covery. #dd hydroxylamine to reduce Pu to the tri-valent state snd o
add dichramate or nit: .te to oxidize to the quadrivalent iom. Ritr*te
has been found to be the more desirable of Lhese reagents. 4dd an
equal volume of 0.08 & TTA in benzene and extract ’oh@l'u. bvaporate
an aliquot .ortion of the bcnzene ohase on a counting plate and deter~
mine the alpha count,

americium follows the iu in this separation and may be the source
of apnreciable e.ror, Curium is likewise cxtracted as well as about
one-half of thc fission products. |

Only quadrivalent Pu is oxtracted. In a series of cxperiments
Dr. Cefola stoted that 95.4% iu recovery was obtained but that no defi-
nite initisl steps Lad been taken to assure tha® Fu was entirely in the
4 state, lle indicated that 95-96% recovery hac been obtained by lhe
lanthamm fluoride nrecedure. Uranium &id :ot aprear to interfere with

the recovery, Hexone solutions were anclyzed with sicilar accuracy by

(31155Y 1040

first extracting the u into dilute nitric acid,
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Dr, Cefola referred to his observation thet hexonme interferes with
the lanthamm fluoride re -hod for determining Pu, ¥we rccognized a
similar effec? ot Hanford but subsequently discovered that high nit-
ric acid contont rather than hexone was the ceuse of the difficulty.
Experirentel work at KArL has dealt primarlly with the effect-
iveness of the TTA nethod in separating quadrivalent iu from a mixe-
ture. The writer pointed out that Henford's interest also includes
the determination of total Pu., DUr, Cefola indicated he wuuld give
core attention to this problem.
X c LNl
At KAPL a considercile amount of time has been spent in attempt-
Ing C;c).o perfect % method for this determination, Dr, Rider referred to
the r.any a proaches to this problem and the rany reagents for comlex-
ing uranium that had been irvestigated. His conclusion is that the
oresently employed oxalate proccdure is the most satisfactory ome known.
Until recently aluminum detemcinations have becn rade at KAPLLy
an acidimetric proccdure. To avoid interferences the determinations
are now rade gravi etrically using a mercury cathode seperation and pre-
@ ciritation with oxine, Dr. Rider was interested to learn of our modi-
fied acidiretric srocedure,
Dr, Grires at Y-12 in Oak Ridge described a procedure fo. deter-
tinirg es litile as 5 ppe aluwime in vrarium, An outline of the pro-
cedure i3z as follouws: Dissolve 0.1 g of sarple and add 10 gms, of

NagC03, add oxine and extract three tires with chloroforc. Ccmbine the

g DECLASSFED
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chloroform portions end extrast alunimm into an aqueons solution of
5% HpS0, and 5% acetic acld, adjust to pil 3.0 with smonia gas, Add
oxine and extruct thrce tires with chloroform; this removes iron and
cupper but not alumimm, Adjust the aquecas solution to pH 4.5, add
coxine and extract the alumimm intd chloroform., Adjust the volume of
the latter to 25 ml and deterrine the light absorption with a photo~
meter, using a 395 mu, riltgr.
Ruthepiup

Dr. Rider reported considerable success in separating ruthehium
by electrolysis, a controlled potential unit was employcd in this work.
Since ruthenium is al out the only fission product that is reducible, it
is probable that the separation could be ex‘fected with a simgple clect=-
rolysis unit. The chemlsts have rcturned to the use of platinum discs
a3 cathcdes to avoid corrosion sroblems associated with the use of more
conron retals, 3Since rutheniur cannot be removed from Lhese dises the

&
latter are cade of very thin gage retal and are used only once,

Urandam

Until recently, bigh concentretions of uranium have been deter-
cined at Kirl by a polarographic procedure, Recent tests have shomn
that the precision obtained is frequently greaver than 5., As a result

this procedure has been discontimued in favor of the volumetric one.

 FLASSIFED
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The question of the desirability of having a fission counter at
Llanford is similar to that regarding the mass spectrograph, The first
step is to review ths scparate problems involving isotope determinate
ion and cstablish the nature of the samples, their composition, their
approxirate ccnecentretion and the required analytical precisionm,

W, R, Kamme was of the opinion that plutonium isotope abundance

could be detemmined by a combination of cherical analysis, spontaneocus

fiasion counting and alpha pulse determinations, The presence of in-

terfering isotopes of other elements could introduce many camplications
in t‘his schere, Concerning the need for this detercination, Dr. Rame
asked if inforcation relating nile power 1&el to concentration of
isotopes werc not already available iy the project literaiure., Fe also
strongly rccomrended that we discuss the problems of chemical determina-

tions of trans-uranic elements with Dr, Lanning at Chicago.

At K-25, the induced fission counter Is smployed on a routine basis

ard provides a convenient and accurate teans of analysis. F. ¥, Hurd

deronstrated the steps employed in making an analysis and discussed pro=
blems that wcm‘l arise irn hendling hot solutions, He pointed out that

separate rooms are recuired to house the neutron irradiation chamber nnd

the zeasuring nanel; neutron radiation was sufficiently strong to meke

it necessary to remove counting irstruments from the la.tereromm to an~

other part of the building. ®

=} - PUCTQNTRY
Trhe .eRay photameter employed at Hanford is one that was designed
by Genercl Electric perticularly for the determination of lead ir gaso~-

line, For this application, large slize solution cells are employed and

(e RAEL

the alumirum windom on the cells is quite thin. In employing the in-
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strument at Hanford we must use a relatively amall volume of liguid,
As e corssquence, the length of path of the light besw ip solution is
shorter than desirable, In addition, there is constant denger of dentw
ing the thin aluminmm window,

The writer discuased this subject with Keaars. Moles, Liebhafsky
and itendslow at Schenectady, The former indicated that Gensral Engine
eering Leboratory would be irterested in working om this problem and
believes it not to be too difficult o solve, In this conrscticn he
suggested that If lanford yove to meke funds available for this, ree
search vork could be started imrediately, Thero was o positive re- ®

action to the writerfs suggestion that the investigation be jointly
{inanced by Hanford and the General Fnginsering Laboratory,
Another factoppthat has tended to cause the instrument to give

Ene12558
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samevhat erratic resulta is the lack of uniformity of the phospor
acreen, Hy, Molss aave the writer a new and rore uniform phospor and °
agied us to try it on our instrument and let him know mfi.ndingara-
garding it, The soreen is ranufactured by the Paiterson Screan Divie
sim of Du Pont,

® ELUCRILETRY

Dr, Rider indi.z‘bad that the fluorimetsr desigmed and built at
Schenectady has given excellént service. It hae been in routine ope
eration 16 hours per day for three womths without attention other than
normal servicing, The instrument is eimple in design, convenient to
operate and hag high sensitivity., The normal blank is equivalent to
0,7 ug of uranium, this giving a scale reading of 70 at meximm sen=
sitivity se.ting, CUranium i1. concentyations of Q.06 or less is detexw

mined directly on a sample with an average precision of about 10%, Con~
centrationein the range 0.000XM are determined with an average pre=-

. s
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cision of about 20%., Blus prints of the design are in the Hanford
files,

e L AT T
The determination of small emounts of fluoride in connection with

the 234~5 program has given same difficulties here, In this ocomnecte

ion it was of interest to learn that such determinations are made at @

X=)0 by the conventional color titration technique, The operators ree

norted that 0.1 ug of fluoride can be determined and that 1 ug, cen be

reasured to within approximately 10%,

.
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vhile in Pittshurgh the writer calléed the Alumime Ressarch

Ladaratories of ths Alumimm Compeny of Averdica at New Xonsington,
In & talk with 8, H, Brown, head of the Corrosiaon Division, we dide

cunged application of alumimmm niping for distilled water systems.
Er, Brogn confimmed the writer's opinion that alumimm pipes are
widely used for such prupceses, He quoted figures showing that there
is little contamination of the water, He recammended 33 alvmimm
alloy for dimmeters less than one inch end 635T»5 glloy for the large
er slzes, The distinotion ia one of cost, Valwes are camonly made
of either 43 or B2l4 alloy, Depending on the mechanical properties
desired the storage tanks may be rede of 33, 4S or 525 alloys.

The writer was Interested to learn that the Knolls Leboratory
at Schenectedy employs & central water de-ioniZer with water being
piped to gll laboratorles in brass or copper pipes. The central in-
stallation has a capacity of 2,000 gals, per hour using only waler
produced at or reark peak efficlency of the system, With this proced-
ure it is expected to obtain water of low soluble zalt content., It
was revorted that the de-lonizer employed is of e new type that removes
silica frop the water, Information on tne system may be cbtained from
the Cyanamide Campany Sales office in lew York §ity.

If the de-ionizer referred to does ccopletely remouve silica, it
represents a great step forwerd in the oroduction of pure water, The
writer suggests that tests be mads at Knolls to detemnine the actual
quality of the weter produced, Silica and total solids would be the

DECLASSIFIED
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The purpose of the uriter's visit to Uak Ridge on Jamary 23,
1949 was to interview a group of techniocal mon who were to be re~
leased from the laborstories at ¥-12, Only amall units of the electe
ravagretic plant are opsrating on special problems; this introduces
the necessity of curtailing ‘hc laboratory staff, Dr. Larson informe
ed the writer, however, that it is his intention to abscrb as many of

the ren as possible at other Uak Ridge sites or othor plants of Care
bide and Carbon, IProgress in this endeavor had been slower than anti-

1
§

cinated rnd none of the men had yet been notified of <hc reduction of
staff, For this reason he asked that I rot talk with ony of the ren,
As soon 23 it is known vhich ren will be available for possible eme
ploynent at Hanford, Dr, Larson will send to lir, Kc Lenegan the per-
sonnel records of those men end the supervisor's camments regarding
the individuals,

The writer had a brief discussion with Dr. Hunt at Schenectadye
He explained that the recent delay in ocur receipt of interview data ree
sulted from the accumnlation of large amounts of work during his monthts
ebgence from the office, He pointed out that the presmnt system of hand-
ling interviev data has just been inaugurated and that we can expect more
efficient operation in the future,

Dr, Bunt aaked that Lr. lic Lecregan send him a supply of Hanford
epplication blenks (Hé 4.38).

During the rittsburgh Symposium the writer had opportunity to talk
with Dr, T. I, Toylor of the Analyticel Departmer of Columbia University,

The latter nared two ren graduating with the Ph, D, degree ig Junes

ECLASSIFIED




CUDRCUSSFED @ - ]

-— Be32553

Irving Ruderman was indicated to be a very capable man with
the ability to cirect rescarch problems, He has a wide fleld of
interest and han specialised in the applications of radic technique

to radio chamical problems as well as the use of Xeray, spectrographic

and nicroscopy rethods, His research is on the subject, "Scattering
of peutrons by pare-magnetic compounds®,

#1113am Spindel is at resent a Du Pont fellow working on the
problem of isotope gseparation, He has had experience at Los Alamos
on oass gpectratetry and vacuum fusion, He mas represented to be
cnergetic and to have good laboratory technique,

The writer reccrmends thet both these men be contacted regarde

-ng possible llanford employment,




