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ERRATA 1M ICE 

Page 17 

Page 18 

Page 109 

Page 109 

Page 112 

Paragraph 4, 4th line: 5000 Ke should be 5 KC. 

Paragraph 5, 1st line: 1942 should be 1943. 

Eleventh line down: The word "specified" should be "specifies." 

Firat remark. OD the page b,y Mr. Balter: Delete the sentence 
"There 18 the mere tact it doe8ft9t walb up a8 much &1 one 
that 1. jarred a little bitG" Second sentence in these _ ..e 
r.mark. should read, -I think the oDl1 thing to do i, aul:ait 
80me aaaplel �ich we w1l1 put in our teat chamber aDd ••• 
it the7 do ageo· 

Paragraph 9 (Mr. Balter's remarks), second sentence should 
'be: "You can have a temperature controlled box which ne.d 
Dot be larger than a toot square." 
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CrystaÃ Conference (Cent'd) 

4䷢30 P䷣M. 

The assembly disband 
and all persons :present ,䷤ill arra..'1.ge 
themselves into three groups�

f.�;. One group '{.,r1.11 di scuss D0-34 
& DC ....35 CrystÄlls in D.ining
Room l䷡o ě 1 

R.A> One group "r111 (118m.lss FT...243
in the North 13r::Ll1room 

on the 3rd Floor., 
.£. One group '{.,:l.ll di scuss 0&-1 

DO-ll Crystals in Dining 
l\ro.. 4 .. 

E.9.ch of these groups 'i.(i.l1 be conducted 
by a cha:irmflll an.d $, di Gcussian board 
as indicatecl on the follc1'Itring sheets" 
It is expected that questions arising 
from Ca:ptain Mitchell's talk on 
Specif1cattons t,rill be presented for 
disc'Uss:lon in these group sessions 
1"ather thel'l the general session..in 

& Adt.journ 

Lester J" Harris 


Director, SCIA 

persons ,",rill reassemble into the 

l�orth for this session ) 
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Col(il Lester 
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of facts use 
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Today we find ourselves once again laced with a powerful minority who, 
because of the attractiveness of their opinions to the general public are 
finding it quite easy to convince their friends that the invasion ot Europe
is the signal which will result in the hasty collapse of the entire German 
cause 0 

ao They draw their conclusion in spite ot the faot that a lew days 
ago the closest advance of a.ny of the Allied forces was still around 600 
miles from BerlinQ 

b. Irhey draw this conclusion in spite ot the fact that our enemies were 
still able to hold a geographically small island for 24 days against the best 
tha.t the Allies could bring to bear against them. I refer to the island ot 
Saipan whose capture in the first 14 days of combat cost the United states 
9,752 casualitiese In other words, an island in which the first 14 days of 
combat created casualties at the rate of 696 men per day, and Saipan is still 
1500 miles from Tokioo 

It should be now obvious that this war is not overo It should be equally 
obvious that any action which non-thinking optimists take to convince the public 
tha t it is over , can only result in increaSing the amoun,t of sacrifice and 
suffering which we must endure before the war is finally overo 

The question then arises , "What can we here at this c01'li'erence do t.(,j
effectively assist in reducing the suffering which must be endured until an 
Arml.Bt:ice is signed?U 

The answer to that question is found in 'the basic underlying purpose for 
which this conference is calledo 

aQ We can make a tremendous effort to understand those with whom we 
mus·t deal in order to deliver at the time they are needed our quota of crystal 
units 0 It is for the purpose of achieving this ]^derstanding that this oonė
i"erence was 

It is hoped that this iĘonference make clear䷟ 

ao rrhe reasons why' crystals mustĚ be etched to final frequency Ě 

be The reason why crystals mu..5t be inspected in accordance with 
Quality Control Techniqueso 

c" The reasons why specifications must be vigorously enforced ę 

do And the reasons why many other alleged obstacles must be overcome 
if this war is to be won on scheduleo 

IJet the keynote of this meeting then be, "The war is not over but through
cooperative effor"t whioh results from complete understanding, the war will be 
wonoV! 
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Introductory Remarks ( Cont8d) 

Th:tt I m1gh t say that Elmer B..nd hi s cre'lAr did a very t very marvelous and 
thorough job" Someho'lAl' '(ܐre survived and I think: '1ܑre have contributed, as I 
saY!l in a secondary ǟray '" 

No,䷙r about these meetings we are here" Colonel Harris has 
"c;old you the n:"3..ture of them", Ou.r Mr., Sauer has rather outlined to me 
䷕䷖rhat ䷗.re can expect!) a.'lld I look back on the fe'tftr years of this crystal 
activitY9 and, I kno'vgr lots of UBI,} - most of us» "'" felt pretty much frus­
trated at a,11 these Signal Corps trpecifications t a.nd it seemed to us 
every possible impediment to O'll.T progress, 'M'E! "ranted to do II 
ras htndered" They seemed to thrO'l.r at us" :Buth looking backܒ1
䷘.,ri th a 10t of 'Are seemed to survive 8,11 of these diff!­

'-cuI t1.es II and, I knoi.r ,.rhatever you might encounter a,t these meetings I! 
you might feel some modicu.'1l of resentment tOil live it dO'f䷜rno 

Do your besto Get in and the sal!1e sincere effort behind it 
"nre he,va» and 1..,re intend. to 

There ܓ·?ere some Colonel M,rris mentioned in his talk just
a moment He men t10ned France and I t so ha.ppens ʽ => if 
YOU'i'rrill me a lit,tIe bitll "'" I a letter my brotherg a 
d,oughboy in France ̓  me of some of the 'vici ssi tudes of that kind 
of and. my O'M'n son 1 s i,n the of Sa1pan,Ǡ, He has 
been out there a In both places the is verY9 very 
tough" 

1: don B t need to tell you. it is my determina tion to knock 
the living hell out of this thing to s out and the other 
equipment '1,re al"e to get out,) I thinlt you can see from the per­
oonal angle I ha:�te on the ܔRf'ar,l 1: am going to do tha,to I look to 
you folks to do the exact same thing" 

Thank you very much", 
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I if 10 t of in the dic:tio:tlt'3,ry 
before you '?ŏreD,'tinto the ·;,rhat 13111 Halligall 

you. hav'e shied off Q You 'f.youl(l hav'e oeen t{) go into 
the crystal business, "but you went into it you t k!l.o䷎r any 
better9 cr:, most of you" You had bet'tel' in l't" and, had bette:r get 
into i de eper" 

There 1,a to be a 'brend I can see 'BrOven throug,h this meeting, "'" 
there :1.£1 a reason for :t to We are a funny race of 

I"IJ.sca,l,sp "re are extremists, - every direction" It is 
po ䷍s1 ble that the mlty be too extreme a toŐV'ard this s('),,,,,called 
po S t'i!.rar planningo 

I see the problem for you you must do a little 
po 13 't'ioif'ar and thinlcing 1\ but it take a minute of your 
active efforts \�?I,'Ma.y from this fact that there ia this 
type of conference at this tinle, momenttUll of our tasko 

Many of you felloő..,s hs,ve come long way in learnIng a lo t about 
the businesso We have come a in learning a lot
about busin,ess \I bu:tthere is a more thatM'€ ䷚䷛T111 
b.a:v'€! to leal"'n about the business!) because I don6t everybodyv 
o:r all there 1 e to kno'lŒr crys talbus1neliuJ 0 

We are the aI1d ourselves9 it is
these meetings going to in the best possible 

'to serve arm 0 that is our object1vGo 

seek to make 
We are going 

conservatism
'lJ<1ork out th䵧䵨se 

the Armed Foreeso 
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i,,/U.I!;\i.l..!. ... Cl:lHO, 
Colonel Rarri,s!) is a great pl eilS1.U'e to be

hereo When ",䷋re ,.re started other people
in the crystal t.lllil c)ne..",half' years ago I) I thinlc that
aDoll t as many in th1.s a.s there a,re people 
in this :room" 

No cinE܋ out enough crystals, -
but you did get for the most parto 
>?rh0 ma.d.€܊ the my heart for all of youo 

Some of you, made of yO'U'$ I believet raJl garages,
and some9 I believev even Tl'.LOse ䷓䷔?ho cu.t tombstones, kne,., 
more about rocks than I 

the last and ll, lot about 
crystals I) even the old. timers '"rho about them!)
and '܌re have more to learn before solvedo 

For instance I am th..at I 1J1as reliably informed that one of 
the the house Is that correct 
Major i)' The main thing are s till getting
t,h em I) and, end large 1!1l'ere meant to doc! 

Our decis1.on to go 1.nto radios for "ridespread 
tactical use has been more than results obtained., The 
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ThatBs the 
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thereo fDfuJ�l\'test ䷉䷊f1 th the mostestt@ does not mean much. to crystals" 
unless they are for the radio sf.;rts the frequencd\�so 
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think you have your trcrtfbles !/ remember the has had it s troubles and
its difficultiee and too the millions of crystals 
to the tL:tfferent thea,tres for the the frequency, and 
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Introductory Remarks ( Continued ) 

When Major Marks and I were in England and Italy last spring, we 
personally checked on the signal corps equipment, not only the major 
signal corps equipment, but the various components and especially crystals. 

In general, I found that the supply was adequate. I found some 

bad crystals that I wish I had not found , but the supply of good ones 

was, in almost all cases, enough to make up the result of somebody's 

carelessness .. 


On the Anzio Beachhead, and from Africa to England, every theatre 

commander I talked to, and I talked to Colonel Theodore Roosevelt, General 

Eaker, General Clark, General Bradley, General Huebner, all of those 

people who are now fighting in Italy and in France.. All of these com­

manders were full of praise for Signal Corps equipmento However, we must 

remember that that theatre is quite different from some of our other 

theatres, in the Southwest Pacific and China, Burma and India, where high 

temperatures and humidity aTe prevalent. -VYe have received reports that 

we can expect more defective crystals under our present standard, which 

is the reason we are increasing our standard, - one reason. 


Not all of these failures are due to aging. Some of them must be 
attributed to such things as wrong frequency stamped on, careless assembly, 
plain dirt, - I could tell you some of the other things that make the 
crystals break do<wn , but we will them.. You all know them. 

Consequently, while you are discussing your problems in the Inspec­
tion Agency and laboratories, remember that a defective crystal in the 
Burmese Jungle is no help to anybody, and may, in fact, be the cause of 
the loss of life and the loss of advantage . 

Improvement in the of crystals is not just somebody's 
dream. It is a military Two and one-half years ago, we were 
faced with the necessity of ou.t crystals in unheard of quantities, 
and it was far better to have a number, = an adequate number, - if 
not such good crystals, to proportion of our radio sets 
<without crystals at aIle 1'hat is passed. 

You gentlemen have now demonstrated your ability to build crystals 
in quantity by actually sOG I believe that you have also d emonstrated 
to yourselves your ab ility to make these crystals, high quality crystals. 

I hope and believe that you gentlemen all feel a personal responsi­
bility for every radio set that is imperfect due to a defective crystal, 
as I do, and as all of the members of the Engineering and Tactical Services 
of the Signal Corps do, and as I am sure all of the members of your Inspe.c­
tion Agency does.. If the set fails it is our fault. We cannot escape it. 
It is our fault. 

If a crystal is not exactly on a frequency, communications will 
fail at extreme range. And if a set isn't on the exact frequency, communi­
cations will fail at extreme rangeĨ 

"" 13 -
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Introductory Remarks ( Continued) 

Some of you, who are radio engineers, may dispute that, but if 
you will think it over, when you are working on a radio net, if one of 
the sets of crystals is not exactly on frequency, communication fails, 
at extreme range. If it is too badly off frequency, communication, of 
course, fails at all ranges. Of course you can still talk over the 
radio set, but t0 hear you, so you might just as 'Jell 
not have any crystal "Ǔfl , 

Of course if a crystal loses its activity or badly shifts its 
frequency in the process of aging, communication is never established 
by that crystal. I am glad to say that failures of this kind have not 
been very large under actual field conditions, but gentlemen, a few 
failures of communications mean the loss of a few battles, and I am 
sure that neither you nor I wish to lose even a few battles. 

Even a few battles lost means many lives lost, even though we 
win the war in the end. The crystal industry is now one of the most 
cooperative of all the industries with which I have to deal. The team­
work between the crystal indUstry and the Signal Corps is splendid. I 
am confident that it will continue to be s9lendid. 

- 14 ­



MINUTES OF DAYTON CON}ĴERENCE 
OF 7 AND 8 fu䳣Y 1944 


Mr. N. J. LAUB 

CHICAGO SCIZ 

Mr. Nick J. Laub of the Chicago Signal Corps Inspection Zone reviewed 
briefly, the minutes of the Signal Corps Conference held at the Signal 
Corps Inspection Agency Headquarters, on the 7 and 8 May 1944, for the 
purpose of discussing various problems arising in the inspection of 
Crystal Units. 

Some of the problems discussed at the Dayton Conference were: 

1. Installation of Sampling Procedures designed to comply with 
requirements of Quality Control procedures being applied to acceptance 
tests as conducted by Signal Corps Inspectors. 

2. It was decided that the use of different sample groups may
be used for the various acceptance tests listed in Specification No. 
71-3046, except that the same sample group must be used for the drop, 
vibration, seal, and immersion tests, and in the order listed. 

3. A new standard test oscillator, AN/TSM-l for use in inspec­
ting CR-l Crystal Units, is to be distributed in the very near future 
by the Laboratories. The new test set is of an improved design and 
free from many of the prominent defects of the older type. The corre­
lation of the new oscillator will be maintained by the Camp Coles 
Signal Laboratory, and not the Aircraft Radio Laboratory. The test 
sets are to be shipped directly to the inspector-In-charge at each 
plant manufacturing CR-l Crystal Units. 

4. At the termination of each pilot run, on all types of Crystal 
Units, a conference will be held between the pilot run engineer, the 
contractor or sub-contractor, the Signal Corps Inspector in Charge and 
if possible, the Zone Crystal Coordinator. The Inspection Instructions, 
manufacturing procedures, and applicable specifications will be reviewed 
and discussed at the meeting, and an agreement, among all those concerned, 
must be reached before termination of the pilot run. 

5. Crystal activity may drift when the crystal is inserted into a 
test oscillator for measurement. It WaS agreed that such Crystals will 
be acceptable providing the activity does not drift below the specified 
minimwn ac ti vi. ty requirements. 

6. Clarifica.tion of the term ftRework" was established. The term 
"Rework" as it applies to the repair of a Crystal Unit, mea.ns the making 
of physical changes of the quartz crystal, its holder, or other parts 
that will effect the conditions for which the CI7stal Unit was rejected. 

7. The interpretation of the requirements of the Mechanical Visual 
Inspection Clauses of the various specifications were clarified. It will 
be acceptable to accept more than one defect in a given sample lot, pro· 
viding that no specific defect occurs more than once within the sample 
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Minutes of Dayton Conference of 7 & 8 May ( Continued) 

lot. The presence of any defect more than once within the sample lot 
automatically requires rejection of the crystals represented b,y that 
sample lot. 

Questions submitted to Mr. Lauh at the close of his speech were: 

1. Is the new test oscillator to be used only as a reference test 
oscillator? 

Yes, it will be used only to check the correlation of the 
working test oscillator. 

2. How does a contractor obtain a test oscillator when it is 
required to be used in manufacturing preproduction samples of a new 
type? 

The test sets may be obtained by requesting the Signal Corps 
Inspector to forward his request through the proper channels to the 
Laboratory. 

3. What becomes of sample Crystal Units forwarded to the Labo­
ratories for various tests? 

The samples that have been tested by the Laboratory are to 
be returned directly to the inspector-in-charge at the plant where 
the Crystals are manufactured. 

- 16 -



EFFECTS OF PROPER CLEANING METHODS 
MH .. H. WAESCHE, ENGINEER 

CRYSTAL SECTION, ARL 

Colonel Harris, Ladies and Gentlemen: 

1. My talk was to be the effect of Crystal Cleaning. What I 
would like to do is give a resume of how we got into this cleaning of 
Signal Corps test. Some of the things we found out made it necessary 
for the Laboratory to have the Crystal Wash Test. 

2. Now to start off by going back and giving a resume of the 
things that happened in the Crystal Industry. Cleaning was somewhat 
overlooked in the rush to get crystals with more obvious requirements 
emphasized with such things a.s X-Ray Orientation Methods, securing of 
manufacturing equipment, conservation of quartz overshadowing all other 
factors in spite of a few voices in the wilderness calling for greater 
emphasis of what then seemed like minor details involving greater qual­
ity control. The industry, of course, responded magnificently with 
production miracles, despite the inexperience of the majority. However, 
as time went on, quantity was not enough and the pendulum began to swing 
toward the direction of quality even if it meant reduced production; 
dependable crystal units were more important than - just crystal units. 

3. In July - September, 1942, a handbook was issued, based on 
manufacturing procedures of that date for manufacturing quartz oscilla­
tor plates, br the Office of the Chief Signal Officer. It was recognized 
that cleanliness was important to prevent aging. It was recommended that 
carbon tetrachloride and water rinse with 1t1int-freen towels for drying 
and final drying with clean compressed air should be used. This was also 
to apply to the case and electrodes. Aging was recognized by all, some 
heated the blanks to cure it, some just finished the unit a few hundred 
cycles low and allowed them to go to a higher frequency, of course the 
activity dropped but that was just one of those things. 

4. Then between December 1942 and April 1943 one manufacturer 
independently investigated some crystal units from their own stock and 
other sources and discovered that by washing some crystal units, changes 
as high as 5000 kc were obtained. Further investigation showed that the 
crystal units could readily be manufactured so that a maximum change of 
plus 800 cycles would result if the oscillator plate was washed and re­
assembled, provided the crystal had been washed with soap and water and 
dried on a towel without rubbing. The crystals which changed frequency 
by several kc. turned out to be those which had been rubbed with towels 
during the final drying. The same manufacturer attempted then to show 
that a crystal would have a greater frequency drift with age, but to 
their consternation the frequency stability was greater than with non­
towelled crystals. This situation led to a feeling of false security 
in spite of the fact that it was known that any moisture reaching the 
plate would immediately destroy the loading effects and the crystal unit 
w'ould shift in proportion to the loading to a higher frequency. But then, 
the crystal unit was inside a case and besides the specifications for 
crystal units completely ignored such conditions. 
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Effects of Proper Cleaning Methods ( Continued) 

5 .  In April 1942 reports reached the Aircraft Radio Laboratory , 
then about to embark on its CR-l Program, that cartaln manufacturers 
were us ing a "Lint-Free" cloth , which when rubbed on the dry quartz 
plate would set the frequency most anywhere desired - that is within 
reason. Also cigarette ashe s, starched towels and other media could 
be and obviously were being used to attain the same results in varying 
degrees. The Aircraft Radio Laboratory immediately advised the Con­
tracting Officer that they did not cons ider this an acceptable manu­
facturing practice based on their requirements and s imultaneously this 
was confirmed independently by data submitted through Signal Corps In­
spectors at the Company refe rred to previously. These Signal Corps 
Inspectors requested an interpretation from the Laboratory because the 
specifications did not specifically cover loading practices . The Labo­
ratory immediately invoked the good workmanship clause of the DC-II and 
CR-l Specifications and requested , through the Contracting Officer , that 
all loading by means of towels or otherwise be declared unacceptable. 

6. As of this time, cleaning and aging were not too well tied 
together . A report of a Signal Corps Conference of 10 May 1943 refers 
to disturbed surface layers of quartz and their effect on aging, but 
there was little or no reference to aging resulting from loading and/or 
dirt . Some mention was made of cleaning solutions. 

7. Soon after this, Supplement No. 3 to the latest Signal Corps 
handbook, entitled "Salvage of Quartz and Reclamation of Blanks" was 
is sued . A paragraph in this publication by the Chi ef S ignal Office 
stated that a thorough cleaning of crystals would improve their sta­
bility and activ it yo A cleaning solution, that later proved inferior 
to the toothbrush, soap and water method, was recommended but it was 
a step in the right direction but , apparently like other cleanliness 
recommendations , was unheeded by all but a very few manufacturerso 

8. Late in June 1943 , the Aircraft Radio Laboratory embarked on 
its CR-l Pilot Runs. These were now new ventures9 both for the S ignal 
Corps and the manufacturers. One thing among others the Aircraft Radio 
Laboratory was determined to have clean crystals, and they never relaxed 
on that point. When the Aircraft Ra.dio La1"'1T'atory Field Engineer arri'\red 
in Chicago , he found a kindred spirit in a Signal Corps Roving Inspector 
for Crystals, who was determined to wash crysta.ls with a toothbrush. The 
Aircraft Radio Laboratory Field Engineer thought this was a good idea but 
a big jump to introduce too suddenly. However , this inspector was quite 
convinced , had done considerable experimental work which showed that the 
crystal units , which had been properly cleaned, could be expected to 
shift not more than plus 350 cycles when scrubbed with a toothbrush and 
soap and water . The Aircraft Radio Laboratory Field Engineer felt that 
the step toward a cleaning test should be made gradually and that, after 
all, the main thing to eliminate was "loading" the crystal to adjust the 
frequency. To this end, a compromise test was set up in the preliminary 
S ignal Corps test procedure s ,  requiring that the Signal Corps Inspector 
merely dip the crystal in water, carbon tetrachloride, alcohol ,  benzine , 
after having measured the frequency before dippinge After reassembly 
the crystal must not have changed more than 500 cycles. The Signal Corps 
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what he was 
talking about, but compromised 

9.. This procedure was short lived.. The CR ...1 production was behind
schedule and Pilot Run compliea tions ʺ wh.:i.ch appeared to be slowing dovm 
product:i.on, reaul ted 

representatives of Chicago 
the Chief Officer 

interpretations of the eR-l Specifications 
for revised Inspection 

introduced and 

, 
the manufacturers in a crystal 

in a confer e nc e in Chicago ́  10-13 July 1943 between 
CR-l manufacturers, Signal Corps Inspec­
tion Zone, the Office of and Camp Coleso At 
this conference were gone over 
and the ground work laid Ins tructions . The question 
of cl eaning test was from the manufacturers was 
great. Other Signal Corps ,i,\,ircraft Hadio Laboratory, 
concurred with un:t t should not be 
opened for cleaning and that if It operated satisfactorily in Signal Corps 
tests, it should be acceptable regardless of loading or dirt. Consequently, 
all tests of this natur!3 were deleted from the Inspection Instructions. 
The Aircraft Radio Laboratory Engineers were not convinced that some control 
over cleaning should not be jɪhe representative 

Inspection Zone? having gone to Kansas 
convlnced,. in all plants where 

in Huns representative crystals 
or if shifted in 

final were not 
could pass Finishing and cleaning 

approvedɫ It Chicago 
the 

several 

two months a.11 wa.s 
'Was the 

quiet 

Aircraft Radio 
crystal units from 

received 

before the hurricaneo 

inspector of the 
Chicago Signal Corps City, was 
definitely not Pilot Runs 
were in progress and 
were subjected to water frequency a 
kc. or more the plants approved until 
the crystal plates 
procedures were CR-l manu= 
facturer also realized preferred to 
voluntarily rework was found that 
a large percent of his even though 
he could have objected 

100 For the next on the crystal 
cleaning front.. This 

llæ On 9 August report of 
certain defective 

120 On 30 August 194.3 the same report was again recelved .. 

13" On 11 September 1943 a letter was :i.ssued to all manufacturers by 
loading 

crystals, which was a serious business 
manufacturers of 

could resulto 
the Office of the Chief Signal Officer 

140 On 24 September 19.4.3 one manufacturer reported tha.t if he must 
clean his crystals as the Signal Corps wanted that he would have his pro­
duction reduced by 50%0 

15.. Meanwhile an Aircraft Field Eng:tneer was sent to inves tigate 
reports from 'the using forces the.t many air force crystals were not usable . 
His investigation resulted in his to headquarters and investigation 
of Depot ItS" stocks fol1owed} A quantity of Depot Stock was found 
to be defective because of agingo cases 80 to 90 percent of a lot 
of units waS det'ective o All Laboratory Field Engineers were 
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Effects of Proper Cleaning Methods ( Continued) 

armed with toothbrushes and the first crystal washing test, as incorpo­
rated in a letter to the Contracting Officer dated 25 September 1943, was 
put into immediate effect by Aircraft Radio Laboratory Field Engineers, 
although time was allowed for the manufacturer to adjust his procedures 
to comply. Actually, except during Pilot Runs, this letter acted only as 
a lever to change the CR-l manufacturers over to better cleaning methods 
for gathering information on just what could be attained in production. 
A tentative limit of 600 cycles change was allowed after scrubbing with 
a neutral soap and water and toothbrush. A second procedure, dated 28 
February 1944, was issued and the cleaning test was armed by rejection 
limits slightly more lenient than in the original letter at the higher 
frequencies. Also, in the new letter, a detergent soap was specified. 
This was done because the original test, whereby the first procedure 
had resulted, had been performed using the soft water of New York City. 
It was discovered that ordinary soap and other water would tend to load 
the crystal. The detergent soaps appear to have corrected this condi­
tion. Simultaneously, with the development of the cleaning procedures, 
the Aircraft Radio Laboratory became aware of the probability that the 
cleaning of crystal units alone did not cure aging. It vastly improved 
the unit, but if moisture should happen to reach the plate, then aging 
would be accelerated. Checks during Pilot Runs of crystals, which had 
been etched to final frequency versus those not etched to frequency as 
well as controlled lapping procedures suggested that etching and con­
trolled lapped crystal anits were superior relative to aging charac­
teristics. A check at one of the contractorts plants, where records on 
etched and unetched crystal units had been kept, suggested that etching 
would improve its use. All CR-l manufacturers were, therefore, encour­
aged to etch and to clean the crystal thoroughly as well as use con­
trolled lapping methods. These suppositions by Aircraft Radio Laboratory 
were confirmed by letter by experimental evidence from Camp Coles. That 
Laboratory likewise confirmed that cleaned crystals were less subject to 
aging but not free of this characteristic if the crystal unit was sub­
jected to high humidity. 

16. In order to check on crystal quality being manufactured atter 
October 1943, Aircraft Radio Laboratory selected samples of all the stock 
of OR-I received at the Depot and subjected them to special tests to 
determine their aging. As a part of these tests some crystal units were 
washed. Almost no dead crystals were encountered. At the present time, 
all Depot Stock is tested in Signal Corps Standard Test Sets for activity 
only, before shipment. 

17. Frequency is one of the most important things. Etching and 
cleaning maintain frequency regardless of conditions. (Mr. Waescha 
cited several illustrations: nWe have tested one thousand nine hundred 
and 41 (1,941) crystals of various CR-I plants, and out of this only 13 
failed in 6, 7 and 8 megacycle range. We have washed something like 
three hundred and fifteen (315) CR-l crystals from various manufacturers. 
Presumably these crystals I am referring to were all put into the Depot 
after approved washing technique had started. Average for crystals of 
5 and 6 thousand kc. range was a change of 230 cycles. For 64 units 
7000 kc. change was 386 cycles. ) We do not expect to use cleaning to 
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Effects of Proper Cleaning Methods (Continued) 

offset etching, or any other requirement. Cleaning was just an inter­
mediate measure until we could get a test b.Y Camp Coles to put etching 
into effect. In spite of the fact that the picture here presented is 
much rosier, it behooves none of us to relax on the problem of cleanli­
ness. 
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SURVEY OF PROBlEM OF STABILITY 
OF QUARTZ CRYSTAL UNITS 

Dr. K. Se Van Dyke 
Chief Physicist, Crystal 

Sectio n, Engineering & 
Technical Service, OCSigO 

1. It is clear to everyone that we use quartz crystal units in 
the belief that they are st able, that their frequencies remain constant 
both during our immediate use of them and for a long period thereafter. 
In addition to this stability, it is true, there are a number of other 
features which are definitely contributory to their acceptability as fre­
quency determining elements of radio circuits. Among these may be men­
tio ned, the space factor, the ease of switching from channel to channel , 
and the speed of netting . But valuable as these other features are, 
there stands out, in any consideration of the question of building the 
radio circuit around a quartz cr.ystal , the assumption that the quartz 
crys tal unit, and above all, the quartz itself, is stable. 

2. In the general stability problem, whether it involves the con­
stancy of the quartz, or the effect of circuit variations on the fre­
quency of oscillation, the blame for instability must be placed variously
where it belongs on the several elements, quartz, holder, circuit, de­
sign , etc. For convenience, we shall divide the problem into t'/O parts , 
one specific, the other more general. Stability during any one operation 
of a c17stal unit in a single circuit requires that a cr.ystal's proper­
ties shall not change by its own self-heating, that it start to oscillate 
each time in the same mode of vi.bration continue so, and that theand 
crystal have great stabilizing power in over-riding circuit fluctuations. 
The broader problem requires identical performance under different oper­
ating conditions such as different temperatures over a whole range of 
ambients, or when plugged into different circuits, and in its oscilla­
tion next year as compared with today. The last of these, which concerns 
the permanency of the crystal unit, will be recognized as the so-called 
aging problem which has caused conce rn to so many of us over the past 
year. this matter of permanence will be our major topic for considera­
tion. The others are listed to place the aging of cry stal units in its 
proper setting as but one of the factors in the general problem or gen­
erating constant and precise frequencies. 

3. It may shock some of us to recall that there was a day when 
some people thought the quartz cr�ystal to be almost too fixed and too 
permanent a device. It was new to have a radio frequency circuit ele­
ment which one could not tune or adjust and the amateur of the mid '20's 
fretted particularly with the problem of over-grinding. Perhaps some 
of you recall cartoons and wisecracks in QST of that time illustrating 
difficulti es of putting quartz back onto the crystal atter it had been 
ground off. Lowering the frequency of a crystal after it has o nce been 
cut has always been a problem. In answer to the early prayer of the 
amateurfs cartoons we have Dr. Frondel·s recent discovery of a way to 
produce a moderate downward adjustment of the frequency. As is familiar 
to you all, by X-ray treatment he changes the inte rna l properties of the 
crystalline quartz , as if making it less stiff in its elasticity , so that 
is select.s e. lower frequency. 
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Survey of Problem of S tabili ty of Quartz Crys tal Units ( Continued ) 

4 .  During the past year we have become particularly cons c ious of 
what some as  sumed to be a natural tendency of a quartz plate to move up­
ward in fre quency wi th age ; the quartz to be come e las tically s tifrer , as 
it were . It is true that in many crys tals the frequency does rise as 
time goe s on , but it is not in this c ase a property of the rock which is 
changing but its surfac e  which is s loughing off . Sad experience teaches 
us that certain precautions in pre:aring th is surface are e s sential it 
the frequency of a quartz crystal is to be the fixed thing we had thought 
it to be .  

5 .  In c ons idering the pe rmanence of a crys tal unit it will be well 
to defer those e ffec ts which are due to the pre sence of the holder until 
after we have dis cus s ed the permanence of the quartz plate its elf . As 
has j ust be en indic ated , the key to permane nce of the frequency de te rmin­
ing piece of quartz is now knodn to be its surface  . The careful s tudy of 
this problem at Camp Coles S ignal Laboratory and the correlated as well 
as independent s tUdies in other laboratorie s and plants all fUrni sh over­
whelming ev idence of c rys tal surface dis integration, and they lay the 
blame for disintegration on the proce s s  of preparing surfa ces qy abras ion 
and the ac tion of water vapor on surfaces so prepared . It seems obvious 
from the general trend of the findings that we shall not have s table crys ­
tal surface s  , and thus c rys tals whic h are permane nt in the ir frequency 
and ac tivity ,  until the method of finishing used is one which arr ives at 
the final surface by d issolving away the quartz ins te ad of chipping it 
away . The exper iments are s o  c onc lu s ive as to c onv inc e  the S ignal Corps 
that the c onditions to be satisfied in its rad io c ircuits c an be achieved 
only by e tching quartz plates to fre quency . Thus the Signal Corps is out 
to buy not just quartz c rystals but e tched quartz crys tals . 

6 .  As ind ic ated , there hav e been many who have partic ipated in the 
experiments and te s ts to run down the causes of aging . Many, in addition 
to those who have worked dire c tly with Camp Co les ,  have conducted spe oial 
experiments at my sugge stion and I wish to acknowledge for all of us all 
of this help with very re al apprec iation . S ome probably feel that the 
S ignal Corps is seeking perfec tion when it 1s c ritical of such small fre­
quency changes as they find to occur after the better abrasive treatments . 
Figures such as Mr . Wae s che has just read might be used to defend the sta­
bil ity of laŊped c rys tals , particularly where s crubbing has followed the 
abras ive . I should like to c omme nt that Mr. Waesche f s  figures are presum­
ably indic ative of rather even temp erature and moderate humidity c ondi­
tions of s torage . Such condi tions do not prevail all over the world and 
mo is ture abs orption in the phenolic holder and its re -emis sion into the 
crystal cavity can produce very des tructive c onditions within for any 
lapped crys tal plate . The te s t  is not only whether crys tals will stand up 
in the depots but whe ther they will s tand up under the temperature and 
humidi ty cyc les which are to be found anywhere our e quipment has to go . 
The small fre quency changes which care fully lapped surfaces undergo when 
s tored in our re latively dry build ings are going to be multipl ied too 
many times for comfort when such c rys tals mee t  tropical c limates . All 
of the te s ts certainly point that way _ 

7.  I t  i s  the c ommon experience t o  find manufa c turers ins is ting 
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Survey of Problem of S tability of Quartz Crys tal Units ( Continued) 

that the ir own units do not age . In many cas es they have performed 
care ful experiments and I do not que s t ion the s inc erity of the ir conclu­
s ions . '�ere the re i s  a diverge nce o f  v iews I think the reas on is proba­
bly to be found in th e differing de finitions of stabili ty .  We have been 
forced to a severe definition and tes t  for permanence of surface laye rs . 
D is integration C an proceed for a time without los  s of material or change 
of fre quency , and activity measurements alone are not as dependable in 
indicating the progre s s  of crack s as is freque ncy in indic ating los s of 
mate rial . Ac cordingly , s tabili ty dis  integration is being judged 
in the ligh t of s tr ipping te s ts be fore after exposure to aging in-
fluence s in order to dete c t  mate rial may be more loos ely bound to 
the surface after exposure than be fore . Those who differ with us neglec t 
this severe tes t . Howeve r , i t  is our common experie nc e  that ac tivity 
los se s  while a lappe d surface is exposed but untouched are continuous and 
that ultimately the c rys tal bec ome s dead e For a dead c rystal there is no 
cure in. the field but c leaning and the e xte nt of the deterioration the n  
be comes apparent in a large frequency change . 

8.  It is learned , and here the bas ic experimental work done in the 
Bell Te lephone Laboratories is acknovlledged , that for about one-third of 
a micron down from the surface of a prepared crys tal blank the bas e  roek 
property is de stroyed :I.n lapping . X-rays prying into the crys tal plate 
show a disturbed surface layer wh ich is out of l ine , in the crystal lat­
tice sense , and different from the s olid rock be low . In the Signal Corps ' 
experime nts  , and the re is pre tty good s c ientific c onfirmation else where , 
the full depth of that disturbed layer appears to be sus ceptible to the 
de s tructive e ffec ts of wate r vapor . This layer appears to be completely 
removable by e tching and the remaining quartz to be uniform s olid roek . 
Th is solid rock is our goal and we shall much more s ecure when we 
have re ached i t .  

9.  To repeat , t o  s ecure cryst.al which are solid and undis -
turbed quartz throughout we have merely introduce a proper etching 
technique into the ir fini.sh ing . Our conviction that there are als o 
e conomie s in this me thod of finishing helps to support us in the dec i­
s ion to require it .  The problem wh ich we face today is no longe r one of 
finding a way to make surfaces which are suitably pe rmanent but rather 
one of working out toge ther the manufacturing procedures which will pro­
vide the s table surface without introduc ing othe r and unforeseen elements 
wh ich will interfe re with periormanc e Q 

10 . S o  much for the pe rmanence of" the quartz plate . With progres s  
i n  clearing u p  difficulties i n  one it is perhaps natural to find 
new one s showing up e lse where . In the ins tance fre quency insta-
bil ity of the crystal unit 1s not re sultant from d iS integration of 
the crys tal surface . An equally s e rious cause of fre quency and ac tivity 
changes is als o the loading o f  the with foreign material . Here 
the prinC ipal offender is the phenol ic holde r as c ommonly used . These 
phenol ics have the property of absorbing water under conditions of high 
humidity and then at a late r time , perhaps at a higher temperature , giv­
ing this up again. The water abs orbed from without the holder is re­
leased with in to c ondens e on the quartz dlate , c ausing loading as well 
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Survey of Problem of S tabil ity o f  Quartz Crys tal Units ( Cont inued ) 

as the surface d i s integration effects jus t  dis cu s se d .  Plated uni ts of 
the wire mounted type , wh ich do not have pre s su re e le c trodes to shie ld 
them , are particularly sus cepti,ble to this loading . The c orros ive 
ac tion of vapors wh ich are released by phenol ics , inc luding awƪonia 
among others , is particularly effe c tive both in caus ing loading and in 
comple te ly dis integrating the internal connec tions . Our experience with 
phenolic holders s.nd the extreme s e ns itivene s s  of crys tals to eurfa.ce
effec ts leads me to the bel ief that until crystal holders are made of 
othe r the,n phenol ic materials , and are hermetica lly se aled as we ll , we 
shall always have c aus e  for c oncern about frequency s tabil ity when tem­
perature and humidity conditions change over extreme range s  , and that we 
shall not be justi fied in counting on long life for our crystal units . 

1 1 .  Dr. Van Dyke concluded with a brie f blackboard discus s ion of 
differences now' exi sting betl\'een individual c ry s tals made in the same 
lot and all satis fying the same formal spec ification , and showe d  how dif­
.fe rences in the ac tive piez oe le c tric c apac itance could cause crys tals 
wh ich are adjus te d  for identity of frequency in one set to develop appre­
c iably diffe rent frequenc ies in another .  The crys tal unit i n  the us ing 
c ircu it is c alled upon to deve lop a high impedance . In order that the 
osc illation may be su s ta ined the pie zoele c tr i c  part of the re action of 
the c rys tal mus t  be in paralle l re s onance with the d ie le c tric par t ,  the 
l atter supplemented by c ircu i t  c apacitance s ..  The frequency of osc illa­
tion is automatic ally that at which th is parallel resonance obtains . 
When c rys tals produc ing d iffe re nt pie z oele c tric re ac tances are placed 
within a s tandard holder of fixed d ielec tric c apaC itance , the frequen­
c ie s  at whi ch parallel re s onanc e , and the re fore osc i llation , oc cur are 
d:tfferent . At le ast five...rold Variation in the pie zoelec tric re ac tion 
is found a.mong crys tals of the same general s ize , shape and cut as they 
are be ing produced in our pl ants . This varia.tion :i.e controllable only 
by so adjusting the fine de ta iled dimens ions of the c rys tals that each 
has the s ame vibration pattern . The aim is to have all parts of the 
crys tal coope rating in the vibration for maximum ac tivity , or maximum 
pie zoelec tric reaction. Where the piezoelectric re.spOOS 9  differs 
greatly from one plate to another the s e  crys tals , although giving iden­
tical osc ill ation fre quencies in , s ay ,  a s tandard tes t  c ircuit,  would
give cons ide rably different frequenc ies in another c ircu it .  The prob­
lem be come s nartlcularly serious when manufac turing toleranc e s  for a 
radio se t perm i t  s i z able variation of c apac i tanc e  acr o s s  the crys tal . 
Th is is an illustration of instability of the more general type ; such 
c rystals have an almo s t  unpredic table sc atte r of frequency in mil itary 
e qu ipment . 
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STUDIES OF THE DETERIOF.ATION OF 
WITH SPEC IAL REFERENCE TO THE OF 

HUMID I TY ON THE QPARTZ PLATJ1J AND HOLDER "", TEC1UiIQ,UES 
FOR FAllRICATING S TABLE tJ1U TS 

Mr o Vi rgi l Bo t tom 
Physici at g  Crys tal Branch 

Camp Coles Signal 

iwrl�t, A s tud;y'" of th e aging 0 f 
over a. period of mo re than six months hltS b een caI"l"i ed on at CeSLo Mo st 
of the fac tors invo lved i fl the de'teri o rat;ion of un! t s  have 
been i sola.ted and inves tigat edo Th"e is dete:r1o= 
ration of the surface o f  the to show 
that thi s i s  el imins.ted t echniques 
have been investi ga t ed and found valueo 

The effe c t  o f  the ho lder has been of ttH� crystal 
plate b y  ma t erial s emi t t ed by the ho lders has b e en found to contri bu.te to 
the aging of uni t a o  Co rro ;;don of the me tal of the ho lder 
by the by=pro duc t s  from the CH:tl!iH£H3 many fai lures "  Bo th effe c t s  
are reduc ed by the hol ders o  

Som. e no t es on the o sc i llato r by 
etching are addedo 

frequency 
and ac tivi ty wi th 
amateur radio 
uclean IU hi s 
typical of 

been 

of and. the 

The mo st 
the u.n! t o  iStfter 
crys tal has decreas ed0 
net,-,\'ofork fo r ft 
tion i s  

that ܆> ;;:; 

'where Q, ;;;(.J a_rid. 
acro s s  



S tudi es of the De teriorat ion of Õart z Crystal Uni t s  ( Continued) 

l. R c 

C o
Figure &0 

!.he effect of aging i s to cause a decrease in the value of ܅o When the 
Í of the crys tal falls below the 11mi t1ng value set by thi s relation­
&hip the Cryltal can no t o scillat e or is "deado ff Obviously the larger 
the parallel capac i tance Co the higher is the Í required of the crys tal o 

Thi s explains why a much higher rat e  of fa1 lures was experi enced 
among DO= 11 f) DC=16 and 00=26 crys tal un! ts than among the F1'-243 8 s o '!'he 
capaci tance in parallel w i th the cr,rs tal in the SC¼522 1s 32 mmfds 
whi le in the :80=659 and B0=620 i t  1 s  15 or 20 mmfds o Many crysta.ls wi ll 
operat e in the lat t er sets even when "dead" in the former o 

Nearly every crys tal whi ch has fai led because of aging can be 
reetored to no rmal ac t ivi ty by cleaning but the resul t i s  invariably an 
i ncrease in frequencyo Thi s  increase 1 s  usually much great er than the 
t ol erance and the crys tal uni t i s  therefore usel es s o  If the dead cr.fl­
tel 1s oblerved a t  grazing i nci dence a whi t e  dus t or powder can be s een 
on the surtae e o  I t  can be made mo re apparent by marking in the dust 
wi th the corner o f  a card or the finger nai l  o Di s sipation o f  energy by 
thes e lool ely hel d par ti c le s  causes the Q of the crystal to be low.redo 
When the dust i s  removed the Q of the crys tal returns to no rmal but the 
frequency 1 s  increas edo 

In checking depo t s to ok s  1 t was found that crystal un! ts made by 
diff erent manufac turers vari ed in the proportion of fal lures o A study of 
manufac turing pro cesses was made to try to i so lat e the c aus el of the 
fai lures but the resul t s  were no t satistao toryo ':rh.s proo es ses in use 
were 80 variabl e that i t  was no t po s s ible to de termine the fac tors which 
caused the di fferences in the propo rtion o f  reject uni t s o 

Aging phenomena are no t limi t ed to quartz o rys t al s o Many fo ods are 
aged to improve the quali tyo Here the changes are probably chemi cal 
o f t en produced by the ac t ion o f  bac t eriao Rubber and pho to graphic films 
are susc eptib l e  to ag1ngo Aging in the fo rmer 1 s  greatly acc el erated by 
ul tr8Pvi o le t  light while in the lat ter i t  1s due to radiation from radio­
ac tive elemen t s  and co smi c rays o S ince slow physi cal and chemical Change. 
are cons tantly taking place in mo s t  things II aging is the rule in nature 
rather than the exc eptlono 

It was formerly beli eved that crys tal line silicon dioxide was 
perfec tly s tableo Öartz i s  almo s t  inert chemi cal ly ; reac ti ng only wi th 
a few chemi cal s and then only very s lowlyo I t s  s o lubili ty in water is 
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S tudi es of the Deteri o rat ion of óar t z  Crys tal Uni t s  ( Co ntInued) 

extremely low o But it 1s now known that the ôrfaee of the quartz plate 
is no t s table and that under some c o ndl tlons 9 a sort of weathering take. 
place 0 While the amount of quartz which is affeo ted 1s exo eedlngly small o  
the deli oaoy wi th whi ch m easu.rement s of frequency can be made perm:l t these 
changes to be obs erved wi th grea.t ac cu"1:"acy (\ The frequency of cry䷃ rtal,s i,n, 
the 6 9 mol sec ranges 1s exceedingly cri tical wi th re spec t to thieknes B o  = 

If 1 t were po s sible t o  remove one layer o f'  atoms from an 8 mel ae© :B 'I�  plat!! 
i t  wou.ld rai s e  :1 ts frequency by about 10 and ttd s 
abl e  0 To inc reas e the freq:J,ency of the same plat e 1 kc/ sec 
qu1red to reduce i t s  th ickne ss by only 0 04 mi crons or 0 0000016 :ljlChe䷂
whiCh 1s less than 1/10 of the wave l ength of vi s ible light o 

1 0  Aging i n  high frequency crys tal s o  

Aging 1 8  mo s t  s eriOtm a t  h i gh  :frequenci e s where th e  crys tal l  are 
qui te th:lno From the laws of s tanding waves we have 

t X/ t 

Where f 1. the frequenoy and t i s  the thiokne S B o  

uId t ;;,-r,/t2 

:ror a BT crys tal K 20 ܇ 54 x 10T5 em s ec =1, 

and at 8 me/ s ariS 

t 0 ܈ 0318 em 

hence df/dt ʵ <-䷁ Z0 54 x 10t5/ ( 00318 )2 ;;g: =20 5 ,x lotS s ec =1 em =1 

o r  20 5 cycles/ sec per liP unit change in th1cknes s o  ( T'ne milluB roean܉ 
that the trequenCllY i,;ncreases as the thickn e s s  deCreaiH!Hl c- )  Henc e  changte 
the frequency o f  an a me/ sec crys tal !) 1 kc/ sl!!o !}  i t  i s  necessary to redu䷀e 
i ts th1ckn,ass 'by 400 AO o r  about 0 1  the wa:�te length o f  vi sible l܄,gh,to  
Since 10))000 Atp e qual s o ne mi cron !) :1 t follows that a dec rease of 1, micron 
in the th:b:�kne ss of an 8 me/ lee crys tal a frequency of 2�5 
The sam e Chllllge of th:1ckDes8 on a 1 rnc/ sec crys tal produces a 
change of les s than 500 ey/s ec o F1go 1 shows the relat ionėhip between 
frequ, ency and thicknes s for BT plat�HL) wil l  b e  shown 14Et,t e:)f that aging 
i s  caused by the de terio ration o f  the surface the 
i t  to becom e o in effec t 9  th1nner o  

20 Nature of the ph enomenon", 

A fre shly- lapped 8 mel sec BT () rdi.narlly 1nc.Lrea:fl ䷅S in 
frequency by 300 to 500 cycles in the f:l.rs t 24 hours",  If' a 
crys te,l i s  operated in a go o d  o sc i.lla,tor and i t s  beat 
a primary standard usi,ng a goo d  interpo lation o sci, lla.tor and cB,tho(l䷄ ray 
o scillo scope fo r mensur&,ng the deviatio n !!  i t  1 s  feuD.d. that the 



detl 䶼 .. 

aJ .. 

pel" week o  Thi s W'a.܆ due to lO䶽i.d1ng of 
em.i t t ed by the phenoli c o f  the ho lder and 

1 8  largely preven t ed it the holder)g are 
t etrachloride and then bskedo Hi.gh :pla.ted 

in frequency when expo sed .. to ,t; l, 䶾:r\!a.t ed 
impo ssibl e t o  s eparate the of' the 

ho lder when th e cry䶿 tals 
To circumven t, the se diffioul t i et't 

cond1 t iOf.lS o f  

ha've been 
behavi or i ii!! 

c rys tal 
i, 1 

th ei r effec t on the main mode o »䶻en 
fre q:uency " 1 t do es no t fo llow ·that· the 

quartz from each will resul t in the 䶸ame 
to ac t! v1 ty the d1 ffel·enC ef.l a:r1܅ even more

of e. very amoun t. o f  
has been obs erved t.o cau.s e the 

increase o r  tiS e o  Some³´ 
balan ces th e lo ss of by 

c ompli cat ed effec t s mske the inter= 
i s  :m,o s t  

S tudi es of the Deteriorat ion ot Ėar t z  Crys tal Uni t s  (Continued) 

increases at the rate of several cycle s  p el" s e cond pe r minu t e  £) fo r the
first few hours o Very often the increas e s  are no t s teadyo The fre= 
quency of thE:. crys tal will remain cons tant fo r a. few seconds lOr even 
minut es and then suddenly Jump s everal cyc l e s o  The se change� are not to 
be confus ed wi th tho s e  which o c cur as thermal equi librium 䶺. s bein,g e&=
tabl1shed whi ch are as often negat ive as po si tlveo 

After the fi r s t  few hours the rate o f  increas e of freqtlency becomes 
very much lelH� o The rat e  of increas e 1s dependent upon the hl.midi tyo 
The higher the humld1 tY9 the great er the rate of increas eo The crystal 
may continue t o  increas e in frequency indefini tely or after a 't·imE! the 
frequency may become prac ticall.y cons tant or even dec reas e "  After a 'I e;!  
days the plate i s  c overed wi th a fine whi t e  powder o 

During thi s time the ac tivi ty usually decreases ", The rate as 'Plell 
as the amou.nt o f  change 1 s  somewhat dependent. upon the lapping proo edurE! 
used but no lapp ing pro cedure has b e en found which pro dtU,'H� S  crys 1!:,als 
which do no t de t eri,orate under humi d condi t i ons ",  

Occasi onally c ryst al s are obs erved i n  whi ch th e freq:uency cfJut1.noll.u�ly 
decreae e s o  A few have been obs erved in wh i ch the fre quency dee:r.e/1.sed at 
the rat e of s everal hundred cycl es 
the crystal plate by mat erial s 
the neoprene o f  the gasket o  I t  
Bosked in ho t carbon 
crystal s nearly always decreas e 
t emperature and humi d! tyo I t  i s· 
quartz from the effec t s  of the 
pheno l i c holdel"S o 
been subjec ted t o various 

I n  a group o f  crys tals whi ch 
ment !) a. wide variation of 
a high frequ.ency sh ear type 
uniform manneI· as 1 t s  thi cknes s 
due to the coupled mo des and 
two crystals have. the SMle 
of the same smal l amount ot
frequency change o Wi th r espec t 
marked 0 In rare ins tanc e s  " the 
from the surface o f  a. crystal 
to de crease 0 

The ac ti"i ty of a crys taJ. un! t may increas e ãJ1 th i,:. ime 0 %" :lL t mfly 
decreas e a The fre quency l:lkewi se may ei ther 
times the loading from th e ho lder alm o s t  
agingo All these inter=related and 
preta.tion of agi ng da:ta qui t e  diff1 cul t o  A 
always requir edo 
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S tudi es of th e De t e r i o rati.on of Quart z  Crys tal Un! t s  ( Cont i nued) 

30 Effec t of water vaporo 

Th e  exac t mecha ni sm by which th e surfac e det eriorat i o n  t akes 
place i s  no t knowno How ever F/ water va.por plays a very i.mpo rtant part o  
C rys tals s ealed in glass holders show no t endency to  change frequency 
even when s eal ed in immediat ely fo llowing lapping 0 Quart z  plates s tored 
in tes t tub es over s i l ica gel do no t becom e cove red wi th th e whi t e  dus t  
which i s  charac teri s t i c o f  c rys ta,l aging 0 On the o ther hand \) crys tstl 
plate s in pheno li c holders show the eff ec t s  of. wat er vapo r wi thin a
few houre aft er being 1i';,am humid atmo spher s o  groupe 

maintained at the same temperature bu t at low humi di ty are no t 8,ffec tedo 

Fr eshly lapped plat e s  held a t  hi gh humidi ty exhibi t the eharac= 
t eri s tic dust wi thi n a few days o 

Ther e  l S  no doubt that wate r  vapor plays an important part in 
the aging o f  l.apped crystal plates o 

40 The di so ri ent ed layer o  

I t  has been known f o r  many years that lapped stlI"fs.c es o f  cr.'Y-s=, 
tal a are covered wi th a l aye r in whi ch the atomic plane s are di., sclri ent ed 
wi tIl respect to th e bo dy of the crys t,al o Davi s to n  o f'  Bell Telephone 
La.borator:1.es has shown that quart·z i s  no exception to thi s o  The IJresenee 
of this misal igned ma. t erial can be shown by r elat ively si.mple ex:periment, l o  
A lapped plat e i s  placed ir! a b eam o f  mono chroma.t i c  x= rays so tha;t refl ec= 
tion i s  obta:b:,ted the It. pho tographi c fi lm i s  tlt 
the proper pl.ac e to rece1 ve th e d1,ffrae ted hearn o Leavi ng the film BM 
the collimat:h'lg 811 t if.1l. the i s  turned a few away 
from thi s The cont:lLnu,es to r eflec t the bearrů at, the 
Bragg Ble {)  The thi s  i s  that there ltrtl:u�t exi <lt on 
the surfac e of the of l.rJi. 
whi ch the s,·tomlt:; are no t tho s e  in the main of the 
quartz 0 Some of' the se bl¢)cks a:re turned a䶵r䶶ly fro m the lnEt:in, of' the 
䶳rtz by as The material ms,y be 
by etchingo has 䶷been e 'tched. 'to 
la.yer 1/4 to micron. thi ck x,�-<ra䶲 o f  
largely d1 sap:pears o 2 i s  an x=ray cllffrac tion 
lng the eV'i den.ce fo r the 

Ev1,dence fo r the of the mi 䶴a11gned matel"ial 1 8  found 
in the very ini, tial rate at 'iJlihi ch it ia  uled 
fo r e t  ch1.ng" :3 shows r.sharac t e:ri s t j.c of s 

rnetH�u:rem ent s are 
frequency change the of thickne s s  
as suming ideal S inc e the in the surfac e 
following are o f  the same o1"'cle:r of magIll tude as the ©a,l,Űulat ed 
change o f  thi ckness !) :1 t, i s  no t to o f  a ro f  such a. 
thi ckne s s  def1ni ti on.:> 
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Studi es of the Det erio rat io n  of ƹar t z  Crys tal Uni ts ( C o nti nued) 

C17stal plate wi th time 8.15 a result of etchingo The rat e becomes con= 
s tant after the frequency has been increas e d  by approximat ely$ 15 kc/ s eco 
Thi s co rresponds to the remove䶹 of a la.yer of quartz to an AVERAGE 
dep th o t  80me 0 3  mi cro n. from each surface of the crys ta1.o 

5 0  Scrubbing o f  Crys tal Uni t a g  

Som e change s o f  fre quency an d  ac tivi ty o f  crys tal uni ts have 
i n  the pas t been due to the pres enc e of fo reign mat erial on the surface 
o f  th e crys tal at the t im e  o f  a ssemblyo Aging, howEfv'ex !) 1s i nherent in 
the nature of abraded suriae es p and the effec t s  of fo reign materials i s  
s econdaryo 

After a lapped cr.ys tal plat e r.as been thoroughly cl eaned by 
the us e  o f  wa t er fo llowed by some so lvent such a.s carbon t e trachlorid.e o 
i t  1 s  s ti ll po s s i b l e  to i ncrease i t s frequency from 1 to 3 ko/see by 
scrubbing 1 t wi th soap and a to o thbrush o  If thi s scrubb1.ng j. IS done under 
c areful ly con t ro ll ed condl ti ons s t i s  found that the rate of removal 
o f  quartz by the brush 1 s  no t unifo rm o The rat e of removal i s  very gr eat 
a.t firs t and soon r eaches the po in t where th e rate il very small. o I t  
was fo rmerly beli eved tha t the removal o f  thi s loo s ely bound surface 
material would prevent subse quent aging but such 1 s  no t the case 0 Scrub= 
bing largely el iminate s the very :rapid ini t ial aging bu.t ha.e li ttle 
effec t upon the long t erm aging of the crys tal in the presenc e of water 
vapor o  

CryS tal 8  which have b e en tho roughly scrubbed are , af' ter a month 
at mo derat ely hi gh humi di tyo co vered wi th quartz dus t o  When thi s dus t i l  
removed th e frequency o f  th e  crys tal ri ses agaln o The pro c es s can be 
repeat ed a number of times wi th the same c rys tal o  

Th e  ri se o f  frequenoy resul ting from each cleaning oper'atlon 
b ecomes less and i t  appears that the cr,rs tal plat e  would ul timat ely reach 
a frequency at whi ch i t  would remain s tabl e o  

Ms,ny c rys tal s  whi ch have been scrubbed a t  the time of man\!= 
fac ture have been res crubbed after a period o f  sh elf' lite and in every 
cas e 9  the freq:uency o f  lapped crys tal s inc reased :far ou t of to le:t"['l,.,noE:o 
The pre s enc e of quar tz du st al so indi, cat es that the su.rfac es of thes e  
cr.ystals have det erioratedQ 

On the o ther hand crys tal, whi ch h�tve 'b�:!!en 1£;0 
remove all '1:'.=1:'8:J' evidenc e of the m1 $aligned surface layer never ext,d bl t 

mus t  
frequency change and computing the co rrespondence change of thi ckne ss 
as suming ideal plane surface s  0 Sinc e  the i rregula.ri t i e s  in the s:urfac e 
following lapping are o f  the s ame order of magni tude as the cal��lated 
change o f  th1ckne s s I) i, t i s  no t po s s i bl e  to s'p eak of a layer of such a 
thickne s s exc ep t by def1ni t i on o  

""" 30a = 
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S tudi es of the De teri o rat ion o f  Quar t z  

the qu,artz du. s t  on the surfac e no r can 
apprec iably by NcOPbb1ng aft e r  long p eriods 
agi ng a t  hJ.gh humidi t y  and t emperatureo 

thei r 
o f  

Uni, t s  

A number of' m e thods fo r pre=aging have be,en trl ed.o In 
Great :Bri tai,:n 'bo i,ling the crystal in sulphuri c ha䶢 lJ€'en fa"fl'ored I;\,G 
a precb agi,ng t echni queo In thi s count ry the one mo s t, fa,'䶗' ,Yr'e(t ha;� "been to 
bake the crys tal at a t emperature clo se to 'bhe curi e fCl䶑 ;fJl if!fire::ral 
hours 0 lie:!' ther methods has much valueo may 'be iSl t�'lted, at! ,a1t:j/i:)m8,t:t€:䶪 
that the value of' any pre,=aging techni que 1, s in t;() 
of frequenoy which i t  produc es in th e erye tal o  
loo sened is removed no pre= aging t echnique has 
scrubbing be CGlI'1s idered as pre-aging it i s  t,h䶓 'be䶤 r䶣 IJ!'I&= 
aging techni q:ue known" One faul t wi th pre=, ag1:o.g i s  that ,) if r.3f'fe��t iv䶮 9 
i t :prodUC !l:.1�'; unpredi ctabl e  changes of frequenc y antl therefc)1"e 
clo se adju,s tm䶫䶬n t of frequencyo 

'0  Effec t  of lapping proc edure o 

N'·䶘) la.pr&ng pro cedure has b e en foun.d wh1.. i�h 䶥 tttr䶦l e 
can be f1n.1. bu t i t  i s  po ssibl e to vary the nature of' 
phenomenon the lapping pro c edures o  Fo r 
wi th a fal :r,ly c.oa䶨""䶩 abre,s ive such as 600 mesh 
chŌmge :f)l"eq:tl(:!n(䶭y as rap1.dly as tho s e  wi th 
powde)'���o 䶐l/t lo s e  ac t ivi ty much On 
lB.ppe(l wi th t3. v䶜:ry fine abrasi va i nc r ease 
burt do no t deerease in ac tivi ty so much 0
in the 'belk� w;tol� fJf c::rystal s lapped wi th
o:xid,e a1')ra<l\1d v·r.:!i䶱 the SSLt"l1e mesh s1 z e  bu t
diffi eillt; t,tJ becaus e  of the numel"CfU" s, 
and of the lappi ng plates have 
va,ril䶯,bl®䶰 v.:re' ܄tp �'ilm, e l"OUB that to i so lat e 
Tllere 1, \£J no erH;; e that the speed o f
ehal"ae t, terri B ti  f$ 0 ܂,,)

Oi,l u'Ged as vehi ole fo r th e :r䶞䶟sul ,t'ti :in, 
approximately doubl e tha.t ob tained wi th wB,'t er or 䶒';�1tP .t䶖:ni]. W,g/to:?;lt'o Fo:;r' thi !tJ, 
r ea1)܃n> and r., theI"S f) mo s t  manufac turer's 
T.b.ere i 1 ܁M;:' differenc e in 'the beha"td., 䶧:H" 
with 䶏:my 'Of th e䶙e veh1, cl e s "  A numb er of o ther 
been used t�ld no differences have been obs erved in 
t er:1 tj tic ()f th䶠䶡 crystal s "  From the resu.1 t of 1, B 'b&---, 
lieved t,hnt t.h䶚 of quar tz crys tals 
and. i t iQ h1,ghly improbable that any 
w111 p:ro duce (ªr;sts ta1. 9 whi ch wi l l no t 

It  was once beli eved that 
sawing be responsibl e for ca,s䶛o  
at l eas t proeedure s in use th䶔䶕 

= 300 CĘ 



Studi es of the Deterio ration o f  Qu,.art!: Crystal Uni t. ( Conti:m;u�d) 

crT.tal plate can be prevented by etching away the mate rial di e 'turbed in 
lapp1Dg but it the etched surfac e 1i ls.ppedf) even wi th the ''!'elY lightest 
ot prel�r.o the mi sal igned layer reapp eare and the crys tal agel just al
betoreo A group of thirty= f1ve DT plate. lapped to 8 Q 4  me/eee with 125 
alox1 te were then. e tched. 100 ke/ e ee wi th ammonium fluorid.eo :live of 
the crystal s were retained as e ontroll and the remainder divided into 6 
group. ot 5 c1'7etal s  each which were th䶁n la.pped by vario1111 pro ceduree o 
The c17'l tala were all tho roughly l1cru.bbed wi th soap and too thbruMf) rins ed 
in boiling d1 .till ed wat er !:! ai r dri ed Md mount ed in rT=·243 holderl o 䵿e:r 
were artificial lr aged fo r a pe!f'iod of one month at a temperature 01;9 50c C 
and a relat ive humid! t;r of 7f11;o 1"bey W(f!!)re then opened and retlcrubbed, 
exac tly as beforeo  Tb e  re䶈ulte ar e ûmari z üd in the folloving tableo 

Group 20 	 Lapped 10 

water o  


Group 30  	 Lapped 10 kef  ec wi th 810x1 te 125 on metal by hand܀
lltd.ng Vs,'teI" o  

Group 4() 	 LrtpJ.,ed :1..0 iU�>ۿ wi t,h alox䶅䶆 t e  125 on WoEo fini lhing 
lap ':UIi ng '\tfat;۾:t' 0 

Group 50 	 Lapped 10 125 ©.n W®ll te:f'1l1 Electric 
tin1 $hing �nd vater o 

Group e10 	 IJapp䶌䶍䶎, 10 

Ilf䶉.t䶊䶋r 0 


,At���o",�",��� 
it9Jm, �J:fb.Mr.1\b ܃ 

.c opo s o  ) 
1 o 5䵼 
2 

e.-
0 51 

	

0 46
o 43fJ&
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0 48  4.f5
t4480 
1'005
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6 0 46  0 43
6 0 46 0 33 14i:fr' 䵻 




 o . <#289' 

f3084 
"I o 4l1  	 o 4{)  12760 

Groupi 4 䵽,d [5 we:t>r! u:ndt.1r 'fer,:;), and groups 
S and ", were lapped, wi th th䶃 fine 䶄 t  �J=rf'as1 '1Ir'(J;;') in ,on* month 
at moderate humid1 ty all t:ho䶂e 'Which wel"e e teh䶇dp had 
aged beyond the 

Ie u.t ended ý''i¥'�''9<\�'''þ tU1:ra'bled cr.y䶀 tall but 
since thei r surfacee ,ɹ 1 t 1111 al togeth:> 
er probablll 
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Studi es of the Det erioration of Qu,artz Orystal Un! t s  ( C ontinued) 

No adequat e  explanation of the deterio rat ion of the surfac e o f  
a quart z plate has been advanc edo ɸle fac ts are that all lapped quartz 
surfaces deterio rat e when subjec t ed to mo i ature o Bvery lapped quartz 
surfac e !)  even when highly poli shed is covered wi th a layer o f  mi saligned 
ɹrt z  ext ending to an average depth of t to t microno * Th1 8 layer can 
be removed bl' etching after which the crys tal 1 s  prac t1 cru.l;y immune to 
ag1ngo 䵥ere can be 11 t tl. doubt tha.t the mlsa11g1ted material i s  
as so c i ated i n  ɺome way wi th the quartr. whi cɻ ul timat ely weathers from
the S'llr:taceo This could be a simpl e phys i cal process dlU� to progressive 
cracks in the quar tz o r  to thel"'ll'lal shocks 0 That wat er playɼ art important
part in the aging pro c e s s  i s  c ertain but th® meehau1 111 by whɽlch the 
quart z i s  lo osened 1 1  no t known at present c Perhapli SOBle (䵷he:l'ii1eal res.c= 
tion between the finely divided quartz on the surface and the carbon 
dioxi de of the air on the ammonia or pheno l from the holder i$ responsibleo 

It i, B well known that silica in finely dividfld form reactla quite 
readi ly wi th water at elevated temperaturɾo I t  seems no t unreasonable to 
expec t that the reac tion might a180 take place at a much slowɿr rate at 
lower temperatures 0 It 1 1  po ssible that the reaction of wat er wi th the 
quartz in the Bub=lni c,ro lcopic cl's,.cka in the surface reault e  in swelli.ng 
which caus es pieces to break off 0 Th.e particles of the pt)wder range in 
11ze from on!! to ten m.icronʀ and. are qui tie fUlearly fragfiU!�J�'1 crt quartlEo  
This hypo thllttt!d.䵵 will a180 expla:1,n, why aging is  pr!lventfJd by etchingo 
Ie acidJ at tacks ·tKh e finely d.1vided quartz and rapidly reduCH9a the m..tl',,,,, 
face areao At the *ame tlm+ the ac id t ends to reduc e the ,urtac- to 
a serj, ea of rw..tlxt'al atomic pla.ne;e " I t  has been Ih䵩)w «lo:tf䵪 that 6 
cry'ti tal of tBod:hL"Yl chlo ride i a;  mtl©h if i t i L  䵦tcll/f!!d by 
'than if mer䵲1:1 䵴:leaV'edo T.h1 s mlgge䵱 ti t;ha 1:9 a Burl䵫ee fomed. @O۽o
d1. tioll$ ap:proach.:1.�l,g eq'"ti lil)ri.t�,m Buell all!: dlll䵳ing 1 �¥  much 
mo re 䵬table thtJ.n o n,e whi ch 1, 9 

furthel' ۼ tudy l, la\ ne䵭il(fid t(} t,he 
aging and a uI䵹,d,e:r䵺 tandil1;g of t!u:� wi, ll 
s1de:r.abl (䵸 

S1n(䵯e agi ng 11, $ dependent on water the ml:'H3 t oi�nfi'rl'l䵮 solu",,, 
tion to the aging pl"oblem i, e to eliminat e mo iltul"eo 01''1l ta1. 1 ! ealed 
in glaiH!l tubea have changed very li t tle in, frfNlu.ancy or ae tivl :tiY over long 
period.e of timeo seal.ing p:ref.! 䵶u1"e mOUllt,ed crYlts.ls in glass tube&! it  
lms b eefi fou,:nd tha.t;, th.ere illi  no d1fterenee ;i,n the behavior ot lapped and 
etched crys tals when water 11 e11minatedo !owe'vl,(u" p i. t is  no t 
po slible to eliminate thi s fac tor holderso Phenolics used 
for cr,rstal holders are highly t© water vapor and the hum1d= 
i ty inside the i s  never tar' from the humidl fly outs1de o Thll.l 䵰 if 
'pheno lic ho lder4 are to be ueeds the alternative i s  to remove the 
layelll of mat erV. al relpons1bl e for the and 'thi s M"I.1St l)W done by 
etching" 
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Studi ., ot the Deterioration o t  ĝ t m  O'8 tal UDi t. ( Continue4) 

Contro lled experiments wi th etched crTs tal l ahow Tar,. clearC 
that the surface. ot e tched crystall do no t di sintegrate under the lDt1u­
ence ot water vapor o Man)" group. of o17lt81 1 have been prepared by kJlOn 
techni ques and ob.erved under 'YariOU8 c ondi tion8 over c on.lderable perio4, 
ot tlme o A tew of thele are listed in Table 110  

!he relu1 t. on the higher frequenc7 elY'tale are ••pecially sig­
niticant o It 1 1  alma ,t impos.ible to finish crYl tall b7 abra.ion in tn. 
frequency raDge8 aboTe 11 me/.ee and keep them 8.o t1 .... tor mo re than a tev
4&11 when e%pol ed to wat er vaporo Yet etched cry_ tall above 12 me/ .ee haYe 
been kept at moderate hum141 ti el tor more thaA 3 monthl wi thout •• riOUI 
4e terlorat 101'10 !hea. resul ts were obtained ullng holler. whi Ch were 1"'8= 
cured b7 ,oaking In ho t carbon tetrachloride followed br baking at 16000
for at le.lt one hour o It tnt . precaution 1 8  no t takeno the cry'tall 4e­
cr.... in ac tivi t,. and trequenc1 due to lca41ng trom the ho14ero It 1. 
beli •.,..d tha.t mO l t  o f  the change. of trequenc7 an' ac tin ty ot etched cr7 .... 
tala are due to thi e  efteet o The powdered. quar tz which inTarlablT accom­
panl•• acing of lapped crystala 1" never to\U\d on the surfac e. ot crYlta.l 
plat•• which have been etChed by the amount. indi cated 1n 11go 4 or more o 
Where controll are indicated in Table IX  the Cr,rl tal s  were g1Ten identical 
treatment except that hand tlnl lhing wac .ublti tuted to r etching to 
trequ.enc7o 

TAILI I !  

.0 0 AT.rag_ 
lom o ot Ch.aDge Ch.tmce 

kc lec en: JAUI. �!'�:! �  t='a) 
t1 10 08'10 7 95 alox1te 28 	 75_ 95 =䵣 =::1/t f9l59 cpa

&i,llC =2ǐ 

V 11 D160 5 125 aloxite 25 	 7_ =:J/J al l  dea416'15 50@C 

Q. lO e230 4, 50 alox1te 20 75_ 103 166 =Ǎ none 
fSocC 

A 809S0 9 125 aloxlte 50 	 80 flǎ =3Ǐ none 

0 8 £1390 5 125 aloxl te 100 	 7_ 33 146 =B/.t t1 to 4 
50°0 kC/••c 

M S o  600 5 125 aloxi t e 600 	 Room 120 =6ǒ nonef56 
Condo 

I 8 9450 10 ai3! Emery 30 	 7- 86 =85 o,c DOne
50°0 

124 =134 =lǌ noneQ. e D 3l0 10 125 aloxite 6 

= =308 
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S tudi e s  of the De terioration of Quar t z  Orys tal Uni ts ( Oontinued ) 

No o Average 

Nom 0 of Lapped Change Change 


(Days ) 

800 SiC 15 	 74 110 =108 f11, f849 -15Ǒ 
5000 

A 11 9 500 6 125 aloxi te 100 	 7ƿRH 85 f51?* ė lO5 all dead 
500 0 

P 9 , 100 5 125 aloxl t e  30 105 r56 =fl+ all dead 

o 12, 320 5 125 aloxi t e  40 	 7&;ClUi 95 -202 =95 none 
50°0 

f1500 cycles J 9 . 250 10 125 aloxi t e  40 30 =136 
-4Of, 

noneH 8 9 320 10 125 alox1 te 10 120 =150 

125 alox! te 10 120 =135 none 

100 O ther fac tors i n  agingo 

The term aging is used to cover all changes in frequency and 
activi ty whi ch occur wi th tim e o  When aging was first recogni z ed i t  was 
various ly at tribttt ed to the holder , the ele c trode s p di rt Č et c s  The qwartz 
plate was las t to b e  8nspec tedo Neverthele s s p mo st aging is due t o  the 
l ack of s tabili ty of the quart z  surface 0 

There &re g  however p  o ther fac tors whi ch cause changes of freqneney 
and ac t i vi ty in high frequency o sc i llator plat es and thes e  properly com e  
under the term agi ng 0 Th e  mo s t  seri ous o f  the s e  faetors is loading of 
the orys tal by snba tances emi t t ed by the phenol i c  holders and the neoprene 
gaSkets 0 Nearly all thoroughly etched crys tal plates dec rease in fre= 
quency when plac ed in phenoli c holder s o  Unl es s the holders are well 
cured the s e  dec reases are of the order of 50 to 500 oycles per month on 
crys tal s in the 8 me/ sec range o The crys tal s can be res tored to their 
o riginal freqaencies by clean1ngo Thi s  1s no t to be confused wi th the 
aging whi ch result s  from deteriorat i o n  of the surfac e of the quart z  
plat eo When such cryst al s  are rejuvenated by cl eaning the frequenci es 
are always lnereas edo 

• Includes rescrubbing twi cso 
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S tudi es ot the Deterioration ot 3t z Cry4 ta1 Uni t8 ( Oon tinued) 

It hal been fa'und, that loading of. the C:ryi tals i8 reduced somewhat 
bY' baking the holder8 'before afl lS&mbl;ro !o141ng the holder and gasket at 
1 6000 tor one hour has 'besn found ,to b䴍 tairly *tteetl ve al thoU8h a lower 
t emperature tor a longer period of time might be eqnal17 good or bet tero 

Ano ther factor which contri,b\lt䵛䵜 to ag䴯,ng i. the va..!"iat1on ot the 
elec trical cha.ract 䵉:r1 ;tic䴝 of th䴖 ho ld䴮r vi th hum:ldi t1' 0 Ȓe electri cal 
reei.  tanc e  between the pins vari fl䴪 by a" fSl,© t䴺'r ot 104 in ho lders made 
o t  wood tiller pnenoltormaldehyd® pla䴸tie䴹 of th䴑 type almo st un1= 
verBal ly used for ery,tal un.! tllo  

Th e  ac tivi ty of a eX'Ytltal 'Wll t ۴ M.  of ten be inc1"eased by l* b7 
balting the holder prior tO l5l.lilemblyo A numb䴚r (i)f' manufae turerl haTe 
tound that their proPOr" titHl cot 䴰ryf,l tall r܀ۿjfil܁t܂d in the temperature tea ta 
1 ,  lovered very cOJlllderabl,., 'by r@©'fJ1.1"ing @f thr& ho lder'8 o 

Du.ring humi d1 t䴛' testliJ the act䴼j:'Wi t7 I/Jf thle eX'䴫 tal un:! t deere ... .. 
b ecaua e ot the elect rl"a1 1.O I $#6 lr.t th,e holder a!llo䵇1ated wi th the ab= 
sorption ot mo iltureo 

Serious corro sion o.f." th䴔\ l1M�!t(䵈l pal)tl of 䴭rYltal. un! t. 
oft en OCCUI"8 o While 'the co:r'r1J䵄:1©n :t 䵅 ;mu䵆h g!"䵍䵎)Il.t,t ,䵏;r Ii,t higher t emperatures 
and humid! tieii 9 lOM e t4�,i ts :f{}l�t 1 U�d.,rI!l1(, l"oom condi tiona tor thi s  
r ea.on o .A. nu.m'ber of \䵐Orl"'(HJlt;�"'䵑 䵕䵖IJ,b䵗 t:an(2䵘i䵙 are 䴗i t t 䴘d b;y phenolics o 
.Among the se er۵ amlNilOtti!'1D  uo:Ir',�a f! tuUt djl"\䴽xide ,, The cor .... 
ro  sion relUl ti :L!'lJ, p䴴:'I� 䴵I' i䵚l!i!ll©t,:Jriceru. contact o Complete 
failure may fo llow 'b䴡䴢eu䴣 䴤 f) :t o�t ©f,H':i'(!.Hi(i䵠䵡il, which tind thei r 
way between the 4e©trod,{i$}1 ;mi1 In, 䴥tr_,䴦 eas es com ... 
pl et e fai lure may tlAe 䴶䴷lfl;tMt ple,tel or eprinc8b 

A pherAom۾Mn kn.{l/wn a۶۷ (,idr' w a etlbrion cracltiDg" r&= 
8ul tl from the act1 erll of䴒 &䴱m©nia liberated from 
the phenolic at 'tack䴻 'the 'bra䵊 '䵋䵌 ({Jf ۳ ltre䴧$ and 'very rapidl­
caus es the cont&{?t :pla1䴲 elfj t�,. The lC�fa©ti:lo;rJ. :1 1  accelerated by in,.. 
creasing the t 䴩mpeTa tur® ruv.c� 1:t"ltK:d \\i.1 A:t t'l, 't®mp䴨:lca t'tl.re of 5000 and a 
r elat1 ve humldi ty of' 1Ǌ J:lf:i,lf I/J!) the ;r.tt,",,243 holders wi th
bras s contac t plat e䴬 fs1,l 'wi. ithin of tnu� montho BraG'zlls con tact 
platea should nۺ've r r;e ,u�ed i, l!j, 

!here a.re t;䵀'\r'䵁<rirl!l,l 0; th䴜l" t䵃l© 't©lI"䵂 �td,,©h ©!�l1, S۸ vat'iat1el1s of ac t! vi ty 
and :rrequenc5 0 I.h䴕n m;䵒a,䵓u:t'䵔JTIJi!rrfa!l !I,,:t�e miM!䴓 at different 
temperaturel var:1l8i,ti䵝䵞䵟.11 a:E"۹ t,hif:} 䴳 ti, 'v1 197 and trequenc)"o 1'h•••
cond1 tiona are d,ue to the 䴎, & no t represent a 
permanent chA'ng&'ȓ in, th䴞 䴟Ihen a (1J'7I19&l uni t hal been 
carri ed to an e:r;tr_e (/�tcel no t return to the 
lame act1v1 ty O X" Wh䴠ll, 1?c :t'lcHJml t$mpe!"ature " '!'hele 
effec t a  are due t;o OOM.g@1jj in the lUlMO'tUlt ,fJ;t moiiituJ:>e and :1 tl poei tioD 
wi thin the holdero !,her® 1䴐  :rl!'ۻi@ll to beli eve t,hat there 1 1  a 
lqer ot vater on t.he IUrtac, Thi l itn�ei to 10&4 
and. therebT affec t i t䴏 Mf}Unt ot vater on th e crys tal 1,  
affec t ed 80Blwhat by 䴙" tll r'䴾䴿1;nt, and, caUI�U�1 the frequency ot the 
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S tudi es of the Deterio rati on of ğart z  Crys tal Uni ts ( Oontinued ) 

crystal to exhib i t a so rt of hys t eres i8 affeet as the temperature i s  
changed 0 While th i s  canno t b e  class ed as ag1ng9 i t  do es make the 1䴈 
t erpretat ion o f  aging data. somewhat d1:fficul t o  

The electrodes have o f t en been suspec t ed of contribut ing to the 
aging probl em but exc ept fo r co rro sion 9 no evi dence exi s t s  at present 
which would indi cate that such is the cas e o  

��g Th e  aging o f  crys tal uni ts i s  very troublesome 9 
e specially in the higher fre quenci es o  The principle fac tor i s  the 
de terio rat ion o f  the surface of the quartz plat e o  Thi s c an be largely 
overcome by e t chingo Mo s t  of the o ther fac tors are as sociat ed wi th the 
pheno lic holder o To ob tain a crys tal uni t wi th the be s t  s tabi l i  ty i t  
will b e  nece s sary t o  mount an e tched blank in a glass or me tal holder & 
herme ti call.y s eal ed and tree from a:n:y- pheno lic par t s  what so evero 

C rys tal s should b e  etched fre quency by at 
leas t the amount shown in Fig a 4 0  Thi s should preferably be done by a 
mass etch t echni que to insure that every plate 1s  e tched by the minimum 
amount 0 Ad.ju.s tmen,t to fre quency by further e tching Sh0111d fol low thi so 

Crystal s  some times lose ac tivi ty whe:n etched by these amcnm. to" Two
factors are ill'v'ol<ttTed in thi s cafiH� o The ac t l vi of a crys tal at a given 
frequency depends cri tically upon i t s  dimensions o If the c rys tal has 
good ac t 1v1 ty an,d l, tlB frequency i s  changed. by etching or grinding g i t  
may b e  nec es sary to change the edge d1men䴌ions also to have go od ac tivi ty 
again a Oonvers ely if the crys tal plate has po or ac. t! vi ty a.t the 
o riginal frequ,ency and. dimensions I) 1 t may havƯ at! ti.vi ty at the new 
frequency'o Ol:rviouslyf} etching do es no t affect "the edge dimensi,on.s of 
the crys tal a;ppreci,a,blyo 

However!) if.' the Bllrfac es of the have been harshly treated !) 
the crys tal lo ses ac tivi ty' when etchedo S c ratch e s  and i rregulari ties in 
the wrf's.ce are attacked by the etehant mo re rapidly than th e remainder 
o f  the crys tal and. cau.s e i t  to become tite.do Thi, 䴋 resul t s  in 
lowered ac tlvi tyo T.he edges of the mu䴉 t  b e  b efcn�'e et.ching 
o r  serious lo ss of ac t1:vi t;r o ccur s o  If' th�:J 䴊:f'ace of the c rys tal i s  
properly prfJpared i t  may b e  e t ched by 4 times th e amount shown in Fig o  4 
wi thou t appreciable changes in ac tivi ty fo r tho se as soc iated wi th 
dimensi onal relati onships o ( S e e  Tabl e II )  

Aft er a cr,ys tal has been e tched 9 i ts can be i ncreased 
s everal hundred cyc lesl sec by scrubbing :1 t wi. th soap "  In the etching 
pro cess 9 severs.l fluoro= si licat es are prcH,taceci" Some o f  the s e  are only 
slightly soluble in c old watero Thes e a:re depoe i  t ed upo n the crystal and 
can be removed only wi th some difficul tyo 

One method of cleaning the c rys tal after e tc-hin,g 1s to scrub 1 t 
thoroughly wi th soa.p and a to o thbrush followed by a thorough rins ing in 
boiling di stilled water " A mechani cal process whereby the e�J8 tal plat e 
1 s  sprayed wi th bo iling water i s  also usedo 

= 30h eo,"" 
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S tudi e s  of the De t erioration o f rtz Cr,ys۽  tal Units ( Continued) 

When a crys tal plate has been properly lapped 9 etched by a euff1ci ent 
amount and tho ro'U8hly cleaned 9 it 18 no t po . sible to change its frequency 
by further c leaningo even att er many monthl at high humldl ty o T.h1 1 i s  the 
tinal test for the effec tivene ss of any t echni que for preventing ۻngo 

It il no t neces sary or desirabl e to ule sodium bi carbonat e  al a 
neutral i z er tollowing etching wi th the ammon1ۼdi=tluorlde eompounds o 
ŵele compound. are more easily 41Ŷ lo lved in water 9 i s  sodium 
b1carboute o  The C1'7stal mould be thoroughly rin.edf) preferably in
nmrd.ng water when being tested Slld �unl1d be gl ven 'the final \fam in 
boiling di stil. led water before a!lemblyo Aft䴃r cl eaning i t  should not 
b e  touched wi th the finger. o 

Oopper 1 1  the bea t  metal for making etChing machines o lor Ind1v1d¤ 
ual po s i t ionl !) a small di sh dipped in ho t wax or paraffin ,to pro tect th¥ 
glalS or enamel may be usedo Al though emm@nl䴇di""" f'luor:tde compounds ar¦ 
relatively safe the operator should never put h䴄, (j hands into the solution 
and good venti lation Should be provide4o A quantit7 of soda or lime water 
Ihould be on hu4 fo r ut e in cari e of 䴅mef'cencl'o Th䴆 hands $ncnud be 
thorough17 washe' wi th plenty ot soap and water after work and before 
eat1ngo Olean11n.el8 is very impol"tsnt o 
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FIGURE 2 .  

The d i sor iehte d l aye r o n  the sur face o f  a BT quar tz plate 
lappe d wi th 600 S iC . The pe r s i s tent l ine i s  due to re ­
fle c tion o f  the c oppe r K 䴂  l ine f rom the surface whe n  the 
b lank 1 s  turned from the Br agg angle by the angle ind i c ate d  . 
The broad l i ne a t  the le f t  i s  due to background rad iation . 
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MILLING AS PREPARATION FOR ETCHING 
Mr . Frank M. Lund 

Precise Developments Company 

1 .  I don '  t want to talk about milling as a frequency device but 
only as pre -e tching procedure as used in our plant . 

2 .  Firs t , we didn ' t  have good luck with i t .  I won ' t  g o  a s  far 
as to say the abras ives sugge s ted at the time were not practicable as 
there was a great de al of trouble with changing these particular units . 
That is s till one princ iple obj ection to milling . 

3 .  We have made perhaps a 150 , 000 crystals that were milled . 
Our prime original motive waS the fact that ever s ince we have been 
manufac turing crys tals we have been plagued with chips on edges of 
crys tals which required a great deal of inspection and hand labor to 
eliminate them . When they got over to the finishers they were us ing 
an abrasive proce s s  for finishing . If there were any tiny chips which 
our inspectors pas s ed , the finishers spotted them and then s ent them 
back. We s tarted to use milling as a means of eliminating the s e  chips . 
It did such an excellent j ob I hope we never have to throw it out .  Vie 
got into this etch ing proce s s early . One of the bigges t  difficultie s 
in etching was the ins tability of time . There was no de terminable means 
of predicting how much quartz it would remove from the crystal in the 
firs t few minutes of operation . We built a mach ine and of course that 
was des igned s tric tly on the bas is of time . We had to place a crys tal 
in it so that it would ride down tracks certain lengths of time , s tay 
in acid certain lengths of time and come out a proper frequency . It 
wouldn ' t  do that with any lap proces s  we were able to devis e .  So we 
thought about pre -etching of all of these crys tals before putting them 
into the track . This proved to be a tedious proce ss . About the same 
time we swung into milling . This proce s s  completely s tabilized the 
timing in the etching procedure . The var:i.ations between different 
crys tals were s o  small that they could be ignored . Also the method 
of lapping did not affect the timing as long as the crystals were 
proce ssed in the milling machine . 

4. Crys tals that have been placed into the etch immediately 
afte r lapping do not have finished surfaces that are as free from 
crevices as those crys tal s that have been subj ec ted to the milling 
proce ss be fore e tching . 

5. The mil1 ing proce ss is not adequate as a frequency finishing 
proces s  bec aus e the crys tals come out of the mill ing machine with their 
surfaces concave . Inasmuch as the lapping proce s s  is furnishing c rystals 
that are very flat and parallel it ha.s been nece ss ary to remove the high 
corners that are evident after the milling proce s s . This is accompl ished 
by machine lapping the crys tal for approximately 8 minutes in garnet .  
This procedure enables u s  t o  remove the high corners without affec ting 
the rest of the surface . Garnet is the only soft abras ive that we have 
been able to u se succe ssfully . Crys tals that have been through these 
two proces ses are e as ier to control in the etching process . 
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Milling as Preparation for E tching ( Continued) 

6.  The main purposes of milling are :  To remove chips and incidental 
scratches and to s tabilize the surfaces of the crys tal . Thes e  two big 
fac tors are satisfactorily achieved in the milling proce ss . 

7 . We have not had much trouble in loss of ac tivity of crys tals 
during the e tch proces s  s ince we have s tarted us ing the mill ing proce s s .  

$ .  Re cogniz ing the limitations o f  milling and us ing i t  only a s  a 
conditioning pro ce s s  we have found i t  to be one or the bes t  proces se s  we 
have installed in our plant . 
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A "CHANICAL MEANS OF ETCHING 

Mr .. 1,0  A I') :F'aber 


S tanley Knight Corporation 


1 .  I am glad to have thi s  opportuni ty to tell you about a s imple , 
but e ffici ent e tching machine , and I hope you unders tand that I am not 
even sugge s ting that any of you adopt the sys tem that I am go ing to de ­
s cribe . We have been us ing this mach ine for s everal months and i t  does 
work . It can be , and wi ll be , imfJroved, but at le as t it is  a s tar t  in 
the right dire ction. We are finishing all of our produc tion by machi ne , 
except the very final s tep , which i s  s till done at a finishing pos ition 
by hand . We have been unable to su. c ceed in wash ing crys tals cle an e nough 
by machine at the mounting pos i t-ions e If the problem of wash ing can be 
s olved and done automatically at the e tching machine or in a succeeding 
s tage , I am sure that c rys tals c ould be finished ready to put in the 
cas ing without having to go to a n  for f:tnal adju.s tment " 

c rys tals in production and 
have suc ceeded qui te we ll , so th at whe n  a crys tal come s from the e tching 
mach ine and is g iven to the finisher she is no t perm:i. tted to touch the 
edges , and i f  the ac tivity is low the crys ta.l is se n t to another depart­
ment to che ck dimens ions , and for o ther impel"'fec tions Ş If the d ime ns ions 
are incorrec t they are corrected , and sent back to the operator for final 
adjus tme nt of fre quency @  

2 .  We are attempting to 

3 e W e  have improved our , the s ame as have all 
o the r manufac ture rs ., I think in mo st cas e s  e tch:tng i s  prov ing prac tical , 
after the first few d ifficulties 8,1"e overcome lI\ E tch ing will not cure all 
troubles ,  and it mu s t be remembered that the crys  tal mus t  be given c areful 
and corre c t trea tment prior to to fre qu e ncy in order to g ive per-
formance as a fini shed product @  

4. I th ink i t  C an be s aid , , that the c rys tal indus try 
knows very l ittle about c rys tal and I t.hink in a matter of a 
ye ar or two we will look back ai:. methods and wonder hOlJlJ we 
succ e eded in doing as well as we do o you a brief outl ine o f  our 
comple te proc edure is in order  .II tre e. tment of the quartz prior 
to e tch ing is important o I will be way outn to u s e  the 
vernacular , when I get through ş to s ay righ t now we do not 
recommend the following procedure to anyone , although we are us ing i t ,
and our re sults at the pre s ent time are the bes t  we have been able to 
attain . This is our procedure : 

..§. .  Wafe rs are cut thicker t.han our lowe s t  fre que ncy 
requires ,  angles are held to wi.thin " on Z e :30 3 on X and AT wit.hin 20 1 • 

This may s ound loos e  to many of you , but in a c tu al practice we hold the 
angles close r  than mentioned aboOjJe We X-Ra.y about 100 blanks out of each 
2000 after they are lapped and of with in. 1 5  9 on all angles .  
The wafers are cle aned and e tched ld.. th , inspec ted for tVl'inning , 
and the ftX" l ine is put on by 

ˉ. After the blanks are diced are lapped with No . 500 
abras ive to pre-de termined thickne Š3 s  , at ", 002u thicker than the 



A Mechanical Means of Etching ( Continued ) 

lowest frequency we make . At this stage all blanks are etched and in­
spected ,  then they are sent to a squaring pos ition where they are squared 
to pre-determined size, depending on what frequency we expect to finish. 
From this position they are sent to a tumbling mill and are tumbled from
10 to 24 hours us ing garne t and No. 400 abrasive and water mix to round 
the corners and remove the sharp edges and small chips. They are then 
sent to a radio lapping position which , by the use of abrasive of the 
aluminum oxide type #800 gri t and finer, they are lapped to within 20 
to 100 kilocycle s of finished frequency. After the radio lapping opera­
tion has been performed they are washed for about 3 to 5 minutes in etch­
ing solution and then given to the department which calibrates them into 
frequency groups. These groups are given to the intermediate etching 
position which , by us ing our e tching machine s  , finishes them to within 
5 kilocycle s ,  or c los er , of finished frequency . The crystals are then 
sent to the finishing pos itions and , in many cas es , can be mounted direct­
ly in the holders , after they are washe d .  The finishers are not permitted 
to edge grind crys tals at the finishing pos ition in order to obtain ac­
tivity , consequently when they find a c rys tal that , as it comes into 
exact frequency, loses activity, that particular c rys tal is laid aside, 
and later s ent to a dimens ion che cking department which inspects and 
corrects the dimensions for maximum activity before it is returned to the 
finishing line . Each of our finishers have individual small etching tanks 
in which they may adj us t the frequency slightly , if necessary. All of our 
crystals ,  of course, are sc rubbed with soap and water , rinsed with hot 
water from the tap , and then rinsed with dis tilled water before they are 
put in the holders . 

5 . I have pictures of the mach ine that we use in our production .  
A variable speed turntable, 4- ft . in  diamete r ,  rotates with its edge over 
a c ircular tank . There are hooks at the edge of the turntable on which 
hangers to hold the crys tals are placed. A track as sembly, cons isting 
of 20 individual tracks, each one 6 inches longer than the preceding one, 
is placed so as to c ompletely encircl e  the acid tank . The hangers, with 
the crys tals in place, are then hooked on the turntable and the lowe r  end 
of the hanger is placed in the proper track and as the turntable moves 
the lower end of the hangers holding the crys tals falls off the end of 
the track into the acid . Due to the varying track lengths, and variable 
Rpeed turntable , the time the crystal is in the ac id can be regulated . 
When the crystals reach the end of the ac id tank they rise over a parti­
tion and then fall into the was hing tank . The water in the washing tank 
is kept very hot by an immers ion he ater , and a small stream of clean hot 
water is allowed to run into the tank to maintain cleanliness . After 
the crystal is washed it climbs another barrier and goes through a heated 
tunnel to be dried. As the crys tal comes out of the tunnel the operator 
removes them and checks them for frequency. If they are overshot it is 
slowed down . By having the same operator check the crys tals in and check 
them out ,  it is possible to control the frequency quite closely. One 
operator at our plant cons is tently doe s 1 , 000 in 8 hours . 

- 3 4  ... 



QUESTIONS AND ANS\³RS 
EFFECTS OF PROPER CLEANING METHODS 

MR .  H .  WAESCHE 
ENGINEER , CRYSTAL SECTION 
A IRCRAFT RAD IO LABORATORY 

1 .  Q .  Will you discuss the po ssibility of the quartz plate be ing 
loaded qy material applied from the nylon toothbrush while the plate is 
being s crubbed? 

A .  There will be no pos s ibil it.y of the quartz plate being loaded 
whil e it is being scrubbed wi th a detergent and water . However , there i s  
a definite possibili ty of loading the crys tal plate if the toothbrus h  is 
dry .  It is also possible that a loading c ondition might exist in a locality 
having hard water due to precipitation materials formed , but none as far as 
actual loading from the toothbrush is concerned . 

QUEST IONS AND ANSWERS 
STUD IES OF THE DETER IORAT ION OF QUARTZ CHYSTAL UNITS 

MR .  V o  BOTTOM 

PHYS ICIST , CHYSTAL BRANCH 


CAMP COLES S IGNAL LABORATORY 


1 .  Q .  Why don ' t  we have a performance spec ification for required 
amount of e tching? 

A .  The S ignal Corps trie s to avoid specifying manufacturing 
procedures . The only performance test we have is a Laboratory tes t .  
The only two possible ways of making this sort o f  tes t  are : 

1 .  	X-Ray diffrac tion test for presenc e of material.  

2.  	 The other tes t  and the only te st for aging phemomenon is 
to let it age . 

In other words s hu t  down c rys tal acceptance for two months and hold your 
crystal for one month and then accept them if they pass the te st.  So an 
exception had to be made and spe c ify a definite manufacturing procedure co 

2 .  Q .  In the propos ed etching procedure , why is it  required that 
the minimum frequency change be obtained in one continuous etch? 

A .  I think a maS S etch is a desirable thing unless per chance 
one could avoid this by tumbling as a prelude to e tch ing . That I have 
not investigated . Take a group of c rystals and e tch e ach o f  them by 
a given amount of time under given condi tions , your frequency cond i tion 
will vary e normously .  But if you e tch all of these c rys tals at once by 
this length of time , than for a given concentrat ion , the change of fre ­
que ncy i s  accurately proportioned t o  time o What we bel i eve is the bes t  
procedure i s  to get rid of this unc erta inty by a mas s etch . Etch all 
crys tals by amount of t ime to remov e a given amount and adj us t frequency 
from thereon . 
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Ques tions and Answers ( Cont inued) 

3 .  Q .  Have you employed d ifferent e tching agents ? 

۱ .  Yes , we have tried all of the common hydroflour ide compounds 
and they are all acc eptable as long as they produce good crys tals .  

4 . Q .  How abou t los s of ac tiv i ty on e tching? 

A .  Two reasons , one is you change frequency and you mus t  r eadj u s t  
dimens ions to have good ac tivity .  Se cond ; in a c a s e  where the ac tiv ity o f  
the c rys tal is no t res tored by edge grinding , it is be cause the crys tal was 
poorly lapped or improperly lappe d  pr ior to e tching . Rough edge is extreme­
ly s ens itive to e tching . The crys tal will los e  activity very seriously . 

5 .  Q .  Will all holders go through immers ion test after baking? 

A .  As far as we know baking has no benefic ial e ffects on holde rs 
exc ept to dr iv e  out obj ec tionable gas es . 

6. Q .  Whe re does ammonia come from? 

A .  Phenolics are very complicated things . I don ' t  know the
chemistry of them . Try this s imple experiment . Take a holde r ,  pulverize 
and plac e  in a tes t  tube-1(-* and you will de tec t the odor of ammonia . Ammonia 
is certainly one o f  the by-products of the chemical reac tions which take 
plac e in the se holders . 

7. Q. Does etching make the plate more sus c eptible to frac ture ? 

A .  It has been proved that the etchi ng of crys tal surface s  may 
increas e the tens i le s trength to as high as 70 to 80 percent of its the o­
re tic al tens ile s trength . 

** Heat the tube . 
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BAS IC FACTORS IN CRYSTAL PRODUCTION 

Mr . H .  G o  Human 


Crys tal Products Company 


Colonel Harris , Ladies and Gentlemen: 

1 .  I would like to preface my remarks by ins is ting that I expect 
to contribu te little to exis ting information on c rys tal production. The 
thes is I would like to develop is the idea , that i t '  s not what proce­
dures are used in fabricating crystals , be it in sawing , lapping or 
cleaning or etching , but how well those procedures are performed . 

2 .  We are pre tty well agreed , I think , that the difference be­
tween a good plant and a mediocre plant is not the difference in the 
amount of te chnical skill a plant can mus ter among its personnel , but 
rather the difference lies in logical and intell igent orderliness of 
procedure and the excellence in whi.ch those accepted procedures are 
exploited and carried ou t .  

3 . I would say that the entire successful operation of a plant , 
however , is predicated on several basic factors . If those are met the 
opera tion is bound to be successful . The first is intelligent, open 
minded and aggressive supervis ion which reflec ts i tself in satis fied 
employees . The two coupled together breed an overall "Esprit de Corps " 
which is the greatest s ingl e as set to any kind of production . A second 
factor is the proper distribution of the right people in the critical 
s tages of operation . That is extremely important .  That goes for super­
vis ion as well as line operators . A third factor which is really the 
result of the firs t  two is the complete exploitation of bes t  practices 
in our pos ses s ion . As I ' ve said before , in this s tage of the game it' s 
no longer a ques tion of a lack of technical knowledge or adapting new 
me thods , that ass imilation I grant should go on c ons tantly , but having 
those practices in operation carried out 100% . 

4. We ' ve all had the experience of trying to dupl icate a s eem­
ingly desirable production feature we saw successfully used in other 
plants . Ye t ,  so help us when we brought them back home , they didn ' t  
work for us . The difference is , I believe, that the wrong set of imme­
diate employee s were trying to put them into operation. It ' s  not the 
gadgets and the e laboration of e quipment that makes e ither for good 
crys tals or for quantitie s . Plant cleanliness and the mos t  effic ient 
logical traffic of c rys tals in the line of production are both requis i tes 
for suc cessful operations that are automatically accomplished by adequate 
supervis ion and management. 

5 . Although in our plant we have cons is tent inspection at every 
s tage of production , us ing approximately 20% of our employees , I will 
mention only the particular s tages on which we feel that greater em­
phas is pays the greates t dividends . 

6 .  Foremos t ,  of cours e  , is incoming inspection of holders and 
component parts . I believe that is a common procedure . In the prepa­
ration of blarucs , emphas is is placed on the inspe ction of the undiced 
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Bas ic Factors in Crystal Production ( Continued) 

wafers for ele c trical and opti cal twinning and on mechanical blank in­
spection after the semi -final lap . In order to avoid g iving finishers 
or e tchers even slight flawed crys tals which is a waste of time and 
money we make another thorough inspec tion following our mechanical 
beveler . 

7 .  The department ,  however , that receives greatest attention is 
the final inspection and mounting . This is the stage that sets every 
plant ' s  excellence of produc tion . Oum is housed in a s eparate air 
conditioned room , well lighted by fluore scents , in addition to ind iv i­
dual spot lights for close inspec tion. The inspec tors are equipped 
only with finger cots , running water and air j ets . No towels are used 
and blanks are wetted for oil detection .  Inspectors have neither ac­
tivity nor dev iation meters . They can concentrate solely on ins pection. 
Crystals come to them mounted in cas e s  , les s  bolts , springs and gaskets .  
Here each unit is dismounted and every component inspected for defects 
and flaws . Electrodes and air gaps are inspected and cases examined for 
cleanlines s  . Each inspector has an ass istant we call a capper . She 
inspects and inserts pre -washed gaskets and springs and bolts the case . 

8 .  Here is an 8 hour shift , each inspector with her assi s tant 
turns out about 2 50 units . Attached to each inspection shift is a 
quali ty control operator whose j ob it is to spot check constantly. She 
washes about 60 crys tal s a day with an abbreviated s ash brush and Orvus 
soap . She checks samples from e ach inspec tor . Since each unit bears 
not only the final finisher ' s  number but also the inspector ' s number , 
i t  is s imple to check back on workmanship . 

9 . This department c ontains the cream of the crop of former 
finishers whose judgement is dependable and who se reliabil ity is 
e s tablished.  There is little point in exercis ing extreme care in all 
proceeding operations if this final precas i ng inspection is ill-done . 

10 . Our rej e cts from this department run 10% . This inc ludes 
frequency and ac tivity rej ec ts at room temperature , the final opera­
tion before leaving the inspection room . No crys tals are acc epte d  
for the hot and cold boxes unless the activity is 20% higher than the 
CES-1 required minimum . In the BC-6 59 ' s  for example we require . 6 5  Ma . 
before accepting them for temperature run . The 10% rejected go imme ­
diately back to the final finisher for correction . 

11 . Crys tals coming from the final inspection department are 
successively routed through the starting tes t ,  hot and cold boxe s , 
final tightening , glyptaling ,  varnishing and cleaning , mechanical 
ins pection,  room check for frequency and activity and the drop tes t .  

12 . Rerunning lots o f  1000 crys tals periodically through tem­
perature boxes representing S ignal Corps temperature run rej ects is 
time consuming and to avoid an exce s s  of that sort of thing we allow 
a strong 10% margin of safety above the CES-l minimum . As a further 
safeguard we make activity checks eve ry IOC ins tead of every 2oC .  
I can assure that such a practice ,  i n  spite o f  small increas ed rej ec ts 
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Bas ic Fac tors in Crys tal Production ( Continued) 

workers . Changes c an be costly if bas ed on insuffic i ent data or i f  con­
c lus ions are prematurely reached and if they are not made dec is ive and 
c lear cut . If change s are initiated a mere order to employee s  is not 
adequate . Workers mus t make changes not only on the bas is of how but why . 
A good dose of employee -publ ic relations c an be thrown in here to excell ent 
advanta.ge . Changes mus t be s o ld to the empl oyee s  to be thorough and e ffec .... 
t ive . We are convinced at Crys tal Products at leas t that whe the r it be 
alterations or what have you ,  for s ol id cooperation and loyal ity i t  takes 
a heap of s e ll ing , but the selling mus t  be bas ed on fac ts for permanent 
produc tion re sults & 

http:advanta.ge


PROPER PACK ING METHODS FOR CRYSTALS 
Capt . M .  L.  Wexler 

0/0 , Packaging S e c t ion , S torage & Issue Agency 

1. The following information was gathe red :  

.,g. .  Ne w packaging spe c ific ations have been written c over ing 
crystal units : 

( 1) U .  S .  A rmy S ignal Corps S pe c .  # 71-2-545 
( 2 )  U .  S .  Army S ignal Corps Spe c  . # 71-2-546 
( 3 )  U .  S .  Army S ignal Corps S pec . # 71-2-547 
( ".) U .  S .  Army S ignal Corps Spec . # 71-2-548 

.Q.  Upon is suanc e of ins tructions by the Contrac ting Officer 
c rystals are to be individually unit packed in acc ordance with above 
spe c ifications and Me thod II of U .  S .  Army Spe c ificat ion # lOO-14A . 

£ .  Unit package s are to be marked in ac c ordance with spec i­
fication # 72-6-15 . 

d .  Inte rmediate packages a,re to be marked in ac cordance with 
spec ification # 72-6-1 5 .  

䳻 .  Shipping containers are to be marked i n  ac cordance with 
spec ification # 72-6-16. 

i.  Se t up box as outl ined i n  above spec i fications i s  to be 
used for uni t  and intermediate packaging . Folding boxes are not ac cept­
able . 

Ce llophane packaging will not be permi tted with crystal g .
units . 

b .  Gros s we i ght of box should not exceed 70 pounds . Ne t 
we igh t  of c ontents should not exceed 50 pounds . 

i .  The above information and s pec ifications are to be applied 
to all curre nt and future contrac ts when the Contracting Office r  reque s ts 
i t .  

j .  A ction has be en taken t o  s ecure copie s of above -mentione d  
spe c ificat ions from the S torage and I s sue Age nc y .  

k .  Authorization will b e  obtained from the C ontrac ting Officer -
to put the above s pe c ifications into effe ct .  

THE !i'OLLOW ING QUEST IONS \\ERE AS KED A T  
THE CONCLUS ION OF CAPT . WEXLER ' 5  TALK 

1 .  Q .  I t  VIas mentioned he re today that prac tic ally all c rys tals 
rece ived in the Depot are reche cked for ac tivity and fre quency or activity 
alone . That would require bree.king the vapor proof s e al .  
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Proper Packing Methods for Crys tals ( Continued ) 

A .  This is  incorrec t ,  they are spot checked only. 

2 .  Q .  Why is it necessary to limit s iz e  and weight of container? 

A .  Container s izes  are limited so that the standardized package 
will fit into its allocated space within the maste r container for the end 
item of which it  is  a component . Container we ights are limited so that 
they will be one -man borne and t o  fac ilitate warehousing at depots and other 
points . Crys tals packed as components should also be unit packaged so that 
if the need  arises for a crystal which is not in s tock it may be taken from 
a set and shipped without proces sing and also as added protection until they 
are place d  in operation . 
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CRYSTAL HOLDERS 
LT .. J .  .r$ MAGUIRE 

O/C , EQU IPMENT SECTION, CRYSTAL BRANCH 
CAMP COLE S IGNAL LABORATORY 

1 .  I t  is planned that all crys tals supplied for use b.Y the S ig­
nal Corps will be hermetically se aled . I t  is c lear that if this is to 
be accompl ishe d in time to he lp in our " all out e fforttt the c rys tal 
indus try will have to voluntarily shoulder a whole series of new e ng::1 ..... 
neering and technical problems . 

2 .  I t  is reali zed that the crys tal manufac turers are currently 
faced with many problems , s ome of which it is hoped will be resolved 
at this mee t ing . In asking again the cooperation of the indus try in 
order to convert to herme tically se aled holde rs , the S ignal Corps is 
mindful of the many impor tant dis coveries by the indus try which have 
made pos s ible the vas tly improved qual ity of crys tals currently be ing 
supplied over those wh ich were supplied one ye ar ago . The S ignal Corps 
is also fully cognizant and appre c i ative of the pas t cooperation 
the crys tal manufac turers in 60 quickly e limi nating the bras s 
plate and brass pins when i t  became apparen t  that they were contributing 
c ause s  to failures of c rys tal units in the field . I t  i s  with the se 
accompl ishments fully in mind that the S ignal C orps has the confidence 
to ask that the enti re crys tal indus try convert over to herme tically 
se aled c rys tal uni ts . 

3 . In a first effort to ge t this convers ion under way , we will 
pre sent at thi s  mee ting a few development models of hermetically sealed 
crys tal units . The se units are , it will be s e en , not all adaptable for 
quantity produc tion . Some of these units , may be modified in various 
ways to make them sui table for quantity produc tion. 

4. Due to the urgent requirement of the us ing arms for tile 
herme tic ally s e aled crys tal unit wh ich will adequate ly perform under 
all cond itions of temperature and humidity we do not feel that it 
would be j us tifiable to immed iate ly s tandardize on a hermetic a.lly 
s ealed holde r at the expense of supplying the numbers 
us ing arms o I t  is the intention o f  the S ignal Corps to 
available de s igns which appear a.dequate for immediate production 
again pos tpone s tandardization unt il such time as an adequate 
is available "  As this convers ion ge t.s under way , we ask you 
turers as rapidly as a new des i gn ,  or improved des ign , oc curs 
of you , to refer i t  promptly to the S ignal Corps so that i t  
be cons idered on i ts own merits and als o for i ts pos s ible 
o f  an inte grated program of conve rs ion. Many of the 
and a large number of c rystal uni t  manufac ture rs have already submi tte d 
models and drawings of herme tically sealed c rys tal units . All these 
idea s a.re unde r ac tive inves tiga tion by the Laboratorie s and it is hoped 
that an even greater number of ide as wil l be pres ented . In this dis­
cus s ion on crys tal holders I would l ike to l imit c ons ideration to 
des igns of herme tically s e aled c rys tal holders immediate ly available 
and to tho s e  whi ch i t  c an be antic ipated could be fed into produc tion. 
during the next two months . 
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Crys tal Holders ( Continued) 

5 .  The papers of Dr. Van Dyke and Mr . Bottom have covered fully 
the observed failures of Crys tal Uni ts due to the moi s ture absorbing 
charac te ris tics of phenolic holders and it is no t cons idered neces s ary 
to refer to these cond itions , except to the extent that they appear in 
the hermetically sealed holders under considera tion . 

6 .  In limi ting this discu s s ion to two as sembly des igns of a me tal 
herme tic ally sealed holder for Crys tal Unit FT-243 , it should no t be 
infe rred that the Laboratory is not intere s ted in the d evelopment of 
other improved herme tically s e aled holders for the FT-243 Unit and o ther 
S ignal Corps Crys tal Units now in produc tion . As mentioned previously 
all ideas and sugges tions will be mos t  welcome . 

7.  Preliminary des igns of me tal , glas s and ce ramic holders have 
been submitted , but progre s s  has not been rapid enough to permit more 
than mention that the s e  types are under inve s tigation . 

8 .  The only type of FT-243 herme tically sealed holde r  which we 
are able to present to thi s mee ting is one whose deve lopment has been 
c losely followed by the Laboratory and one which i t  i s  be lieved will 
prove prac ti cal and lead into current quantity production without delay . 

9. The holder i s  s imply a two piece me tal container with s olid 
Kovar pins led in thru glass s leeve s in a Kovar header and wi th a cover 
which fits down into the header and is then solde red completely around . 
An opening in the top of the cover permi ts evacuation , filling with a 
dry gas and a second s older seal . 

10 . The internal cavity c an be adapted for plated crys tal units 
by merely the welding of clips to the tops of the s oldered pins , or 
for the e le c trode s andwich by the ins ertion of a c eramic split l iner 
and spac ing block.  

11 . Both adaptations o f  the se holders are available and prompt 
quantity produc tion is anticipated . Models of both the s e  type s  are 
available here for your inspe c tion . 

12 . A motion picture showing a s implified me thod of as sembly , 
evacuating and s ealing thi s  holder has been prepared . S ince there was 
very l ittle time between the date at which these holders were available 
and thi s  meeting , no e ffort could be made to adequately cover all de tails 
of this proce s s . It is fel t ,  however , that thi s film would be inte re st­
ing in that i t  would pre s ent a cle ar idea of thi s holder as sembly and i ts 
pos sibili tie s  for large s cale production . (A 15 minu te motion p i c ture 
film was shown at thi s point . ) 



PR INC IPLES OF QUALITY CONTROL 

Maj or C .  R. Brearty 


O/C, Quality Control Section 

Signal Corps Inspection Agency 


1 .  You have heard that we have a quality control program in S ignal 
Corps Inspection . It may be felt that there is something mysterious 
about it, or possibly that it is somewhat theoretical or highbrow. We 
hope to show today that it is neither and that it is an intensely practi­
cal program for Government inspection . It is a program which affects the 
way in which Signal Corps Inspection is conducted on all kinds of products . 
It is my purpose here to tell you j ust what the general program involves 
and where it is aimed. I have said that it affects the way in which Signal 
Corps Inspec tion is conducted. Naturally it is aimed at a certain ideal 
way - an ideal relationship betwe en the contractor and the Government at 
the Government inspection point . I shall try to define this relationship 
a little later . 

2 .  In the past, consider ing the whole field, Government ins pection 
has been many different kinds of things . At times and at certain places 
it has been a kind of battle ground - a war within a war - which is of 
course not as it should be. There is aCȺlally a departure from our ideal 
in each case where a contractor 1 s  inspector passes a piece of equipment 
and the Government inspector rej ects it. We know we cannot expect to 
eliminate all cases like that, as there are human beings on both sides of 
the fence. However, we believe that we can go a long way in approaching 
our ideal if, on both sides of the fence, before and after the presenta­
tion of equipment to the Government inspection, there is a common under­
standing as to what constitutes a defect, a common understanding as to 
what constitutes acceptable quality . This means a common understanding 
of a defect, a common understanding as to which defects are more serious, 
a common understanding as to how effective a job must be done in removing 
these defects, that is, what the Government inspection uses as a measure 
of acceptable quality in terms of proportion of defects remaining in the 
product presented . 

3 . A rriving at a common understanding on acceptable quality is a 
highly essential part of our program . From that alone, come the most 
important benefits of our program . For this reason, I am going to elabo­
rate a little on how we achieve these understandings . 

4.  Our common understanding as to what constitutes a defect, and 
the relative seriousness of defects, is reached in consultation between 
the Signal Corps and contractor personnel, during which an analysis is 
made of the probably effect of the defects on field use of the equipment . 
In any cases where this analysis shows that the Signal Corps has been 
making rej ections for certain imperfec tions which have no effect on field 
use, the Signal Corps will be ready to correct its practice so that these 
items no longer are causes for rej ec tion . Likewise, if it is found that 
the contractor personnel had been omitting to look for and eliminate cer­
tain defects which are shoȻn by this analysis to have an effect on field 
serviceability or life, it will be expected that the contractor will 
correct his inspection practices ac cordingly . The result of this step is 
a list of standard defect definitions supplemented by samples where neces­
sary. 
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Principles of Quality Control ( Continued ) 

5 . Next we come to the question of standardiz ing on number of 
defects , that is , how many defects Can there be as a maximum in a given 
amount of product which will be acceptable to the Government? When ex­
pressed in just that way in number of defe cts per given amount of pro­
duct ,  we c all it our "Acceptable Quality Level" . There are other ways 
of expressing it. For example , in the case of an e lectric al character­
is tic it might be expressed in terms which involve the average of the 
measurements of that characteristic and the spread , that is , amount of 
variation . In any event , however ,  our acceptable quality is dete rmined 
from two primary cons iderations . F irs t ,  what Can the field live with 
in terms of number of defec ts without caus ing an appreciable effect  on 
overall operation and maintenance of equipment. Second , what can the 
processes produce - the manufacturing proce s se s  which are normally 
employed for the e quipment and the manufac turer ' s  inspe ction , as practiced 
by the average manufacturer of a good quality product in the industry 
concerned . Of course , we have no means of knowing this on an entirely 
new produc t or an old product under an entirely new spe cification. In 
such cases , our procedure is to begin by inspecting a large proportion 
of the product until we get the information nee ded , in the meantime , using 
some kind of temporary ac ceptance bas i s  until our acceptable qual ity level 
c an be established from factual information. 

6 . The Acceptable Quality Level is thus determined by cons idering 
the se  two factors : Field needs and the capability of manufacturers . If  
we  are lucky , the two factors will give us  the same result or , s till bette r ,  
it will be found that the manufacturers are c apable of giving u s  a better 
product than the fie ld must have as a minimum. If we are not so lucky and 
there appears to be no way of improving the output,  a suitable c ompromise 
mus t  be reached,  based on realis tic c ons ideration of practicalities , and 
c onsideration of the quantity as well as quality that we must supply to 
the fie ld . 

7 .  Common understanding on these things has been found by experience 
to place us a long way on the road towards our ideal set up . It enables 
the contractor to instruct his own personnel definitely as to the defe c ts 
they should inspec t  for and eliminate and how they should apportion their 
e ffort,  on the more serious and less  serious defec ts . This enables the 
contractor to assume the responsibility for pres enting an acceptable quality 
of product to the Government inspec tion pos ition and enables the Government 
to limit its inspection to a mere verification that an acceptable level of 
quality is being maintained.  This  c an normally be done by the use  of sam­
pling plus a quality control analys is of the results with the amount of 
Government inspection dependent on the amount of assurance needed and the 
evidence that the levels are satisfactory. This defines fairly well our 
ideal set up , the obj e ctives of this program. 

8.  Restated , our obj ectives are these : Through c ommon unders tanding 
of acceptable quality ,  and through definite as sumption by the manufacturer 
of respons ibility for maintaining that quality level,  to reduce the impact 
of Government inspection to a minimum. To make the Government inspe c tion 
merely a tool to verify that the quality level is be ing maintained and fur­
nish information to the manufacturer which will aid in maintaining that level . 
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The le s s  often Government inspection causes any action such as rej ection 
of quantities of material , the closer we are to our obj ective . Our aim 
is a smooth flow of material through the Government inspec tion pos ition 
and on to shipment to the points where it is needed . 

9 .  Insofar as poss ible we want to lift the Government inspection 
out of the manufacturing proce sses , out of the assembly line , and place 
it only at the point where the manufacturer is ready to pres ent a produc ­
tion which he has s creened and is maintaining normally at the quality 
level agreed upon . 

10 . You probably will want to know a great deal about the kind of 
Government inspection we employ under this program , at our inspection 
position . That varies from one product to another , s o  I am going to 
leave mos t  of that to the next talk which c oncerns the application of 
this program spec ifically to crystals . A few things should be po inted 
out at this time however . Firs t ,  we use sampling wherever we can ,  except 
on operating tes ts on completed units of radio or telephone e quipment o 
We employ where we can s ampling procedures of a type whi ch is being 
s tandardized for the Army Service Forces . In s ome cases we develop spe ­
cial procedure s for special c ase s , based o n  fundamental sampling theorY 0 
The procedure used depends cons iderably on what is found feas ible as an 
acceptable quali ty level .  This brings out the point that the proper in­
spection procedure can not be determined until we have found what quality 
level is feasible . This means that if a s ampling procedure is incorporated 
in a new specification at which time there has been no opportunity to 
determine what level is feas ible under the new requirements , quite likely 
it will not be the most e fficient procedure and may not even be workable 
if i t  turns out that the quali ty which can be produced can not pass the 
acceptance cri teria which were set up . For this reason , for purpose s of 
this program , we advocate either omi tting d efinite sampling procedures 
from a new specification or leaving them subject to change after the pro= 
duc t  has be en analyzed . POSS ibly the manufacturers may feel some objec­
tion to not having a final sampling procedure tied down in the specif:lc䳹a­
tion originally. However ,  it will be recognized that the manufacture r  has 
considerable to gain if the procedure is determined later ,  taking 
c ons ideration the realis tic aspects of production and inspe ctionc 

1 1 .  I n  clos ing my own remarks , I want t o  s ay that we are quite proud 
of the accomplishments of our quality control program so far , on various 
kinds of produc ts . One of i ts bigges t  accomplishments is that it makes for 
a consistent inspec tion , day after day , by both the contractor pe rs onne l 
and the Government personnel . We have accompli shed a smooth flow of pro­
duc tions to shipment in cases where such results were not thought feas ible 
before on the products c oncerned . Both we and the manufacturer have fe lt 
highly gratified qy the resul ts . 
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QUALITY CONTROL APPLIED TO CRYSTAL INSPECTION 


Lt . L. J .  Jacobson 

ole , SAMPLING & INSPE CT ION RECOHDS SUBSECTION ۰ SCIA 


(E di tor f s  Note : The following talk was pres ented at the con­
ference almo s t  entirely as a blackboard demons tration ; cons equently 
the original s teno-typist ' s  notes were in many cas e s  meaningle ss 
be cause of the ir repeated reference to information that was shown on 
the blackbo ard . 

A s  a re sult of the condi tions outlined a.hove , it has been nec ­
e s s ary t o  e d i t  the s te no-typis t ʰ s notes appre c iably i n  a.n e ffort to 
make the following information reas onably complete to s.ttendee s  of 
the confer ence without the u s e  of drawings a.nd other illus trat ive 
tools which were used at the orig inal d iscuss ione ) 

1 .  In discus s ing applic ations o f  quali ty control techniques to 
the inspec tion of crys tal units , it would be we ll to -take t.ime to re­
v iew the overall obj e c tive s  of the program ... covered in Maj or Bre arty l s  
talk - de f ine some of the expre s sions and terms we w::lll u se ; describe 
some s pe c ific applications to c rys tal unit ins pection and try to analy ze ­
in some d etail ... the probl ems facing us in the light of the new spec ifica­
t ions whi ch are now , or s oon to be , appl icable o 

of the ship­
ping door of our plants . Take the pos i tion of the men in the field 
s ervic e  , on the re ce iv i ng e nd - the ultimate c onsumer of thes e  c rys tal 
units " Thanks to your e ffort.s , the ultimate consumer of' crys tal uni ts 
is in regular rece ipt of thous ands and thousands of crys ta.l units . This 
ultimate consumer has a rathe r  sound , even, if' rough , IllElthod of measuring 
quali tY Gl  I f ,  in a large bulk o f  crys tal units , very few were found which 
d id not operate as inte nded , the bulk would be as a "good 
quality lot . "  If , in a l arge bulk of materiaJ. , defec tive uni ts ­
units whi ch d id not ope rate as intended - were the shipment would 
be c alled a " poor quality lete  ll This measure of used by the 
ultimate c onsume r is qu ite e ffective . That is : many defectives s igni.­
fying poor quality ;  few defec tives s ignifying 

2 .  Le t us place ourselve s ,  for the moment , 

3 ..  It i s  s afe to as sume that the man in the field is not iImne ­
d iately concerned with whe ther the crys tal unit to operate as 
intended because of a mechanical rupture in the ca.se  ; bec ause of mis­
c alibration  ; because of mois ture leakage ; or be cause there wasn ' t  any 
quartz plate in the holder ... Defici ent ope rf..I.t.ion is defi c i ent operation. 
Re asons for defic iencie s are u su.ally not of immediate intere s t  to the 
m an in the field and the analys i s  is le ft to us who the time 

and 
to

of e'IJ'ery cause to
which don I !  t as intended e 

unde rstand irlg ü controll ing 
from. of view or approach 

to 
worry about reasons " We have the con .... 
troll ing the nUlnber of de fective units and 
for knowing the spec ific c ontribution the 
overall percentage of crys tal units 
We are re spons ible for inve stigating , 
these reas ons for failure !>  It ls 
that tt quality level n  is best defined . 



Quality Control Appl ied to Crys tal Inspec tion ( Continued ) 

4.  The " qual i ty level " c ould be measured as the percentage of 
crystal units be ing supplied for field s erv ice - averaged ove r  a peri.od 
of t ime - which will not operate as intended . The ultimate c onsumers n 
" acceptable qual i ty level , tt would be the maximum percentage of defec tive 
c rys tal unI ts permi s s ible , for e ffe c tive field use " For the manufac turer 
and Governme nt 1l s  inspec tor , the ti acc epte bl e  qual ity l evel" c ould be de­
fined as the poorest quaIl ty , in perc ent de fec t ivf) ,  which a c ontrac tor 
be permitted to pres ent , continually for S ignal C orps ac ceptance and 
which the S ignal C orps will c ontinually ac c ep t Q  

5 .  If quality is to be evaluated by measuring the percentage of 
defe c t ive or non-c onforming uni ts being shipped to the field from the 
manufac turing plants , it is e s sential that we all know what a. non-c on­
form.ing or defec t ive uni t  is . Be fore developing s ome me thods for me as­
uring qual i ty ,  le t ' s  c ons ider s ome aspec ts of 
v,hen a unit does not c onform to spe c ification requirements ., 

6 .  The bas ic s tatement of the Government fi s  
c rys tal units is c ontained in the contrac t and its It 
i s recogrli zed that c rys tal spec ific ations h ave been su.bj e c t to extens ive 
revis ion and have been modified to keep pac e with - or lead 
opment of - the indus try . There is l ittle doubt - in fac t this C ()u ... 
fere nce has already suppl ied an abundance of ev idenc e  "'" that further 
revis ions and change s in s tandards and requirements will be as the 
needs of the field reqU ire them . Nevert.hele s s  , at any given time , for 
any c ontrac t ,  the exi s ting spe c ification is the be s t  available expre s s ion 
o f  the Govermnent ' s minimum ne eds /ll The spec ific ation 
the minimum re qUirements of a c rys tal unit through the medium of per-
formance or acceptance tes ts . If the spe c ification is s tate­
ment of fie ld needs - and neither the c ontrac tor nor 
o therwise ... then it follows that any c rys tal unit which 
every requirement of the te s ts will 
for field serv ice s The fir s t  practic al quest ion on hand 
duc t acce ptance tests . 

7 .  Note ʒ discuss ion o f  
illustrat ive by e 1  the r AWS . 11 or ʯ 
71-3046 was illus trat ions . 'J:'he points covered in 
this part o f  the talk were conc erned with to be used 
in performi ng ac ceptance t e s ts and the s ignific ance of sequE䳶l1Ce of 
te sting used in measuring non-conformance ..  In outline , the 
points were included in the 

a .  The 10 or 
suppos ed tۯ be done { 
lis ted in the Spe c ifi cation.  
cases be cause of the length o f 
tes ts on the s ame s ample .  

E o  I t  des irabl e to down s o  
that as many as is po s s ibl e C an be done 
The Le.boratories have under cons ldera tion 8. 
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.£ (i The lis ting of acce ptance tests in the ·Ƿ order in which they 
should be performed is an eng ineering problem. A s e quence of te s ti ng 
which make s performance te s ts as c lose an approximation as pos s ible to 
ac tual field s ervice condi tions i s  des irable . The following illus trative 
s e quence of 4 acceptance te sts to be done in the order listed was discu ss e d  
in detail Ǹ 

( 1 )  Drop - vibration - seal - internal inspec tion G In this 
sequenc e  , the internal inspec tion tes t  is made OIl the uni t  which 
ha.s already experienced drop , vibration , and s e al tes ts lJ) �rhe 1.6 
internally inspe cted under mos t.  s evere conditions in that the of 
internal inspection following the three previous te sts menti.oned , 
might be s ignificantly d i fferent than the re sults of an internal inspection 
te s t  performed on crys tal un its which have no t gone the rigors o f  
a drop , vibration , and s eal te s t .  

( 2 )  I t  was pointed out that i f  several te sts 
bore an e ngineering relationship to o ne anothe r and that :tf tine test d id 
not have proper meaning unl e s s  the c ryst al unit undergo ing test had 
bee n  subj e c ted to ano ther pre ced ing i t , then all acceptance tests which 
mus t be pe rformed in sequence c ould well be grouped as a. 䳵 bas ic group test" 
and a c rys tal u.lli t which failed to meet one or more of the spec ified re ­
quirements of the acceptance tes ts in the group mi.ght well be cons idered 
as a s ingle non-conforming unit for the group tes t e  

8 .  We have now developed our definitions o f  " acceptable 
l evel" and 8. bas is for e s tabl ishing n bas i c  group tes ts . ǹ' For 
group tes t ,  " the perc entage of uni ts in any lot or s ample which are non­
c onforming or de fe ctive ca.n be me asured Q Over a period of time our as.-
s im ilated inspec tion rec ords would show proce ss average - the 
defective for each " bas i c  group tes t ,, "  S imilarly , the process average 
in percent de fect ive for all bas i c  group t e s ts taken c an be 
determined , by a.dd lng tog e ther the individual perc ent defective of 
bas ic group tes t e  Before d i s cus s ing s ome of the control 
acceptance te chnique s  and s ampling s chedules wh ich could 
inspe c tion , we s hould pursue this subj ect of 
units a l i ttle furthe r .  Before we me asure qua.nti tie s  of defec ts 
have a conUTlon unders tanding of what a U derec t" It would 
develop s tati s tic al me thods o f  me asur ing 
tes ts , e tc Ǻ  , if we don ǻ t know a defe c t  
don ' t know a. good un i t  when we s ee one ", General Colton 
that he underE rtood that a maj or que s tion on the 
obvious scratc:h .. u Until this ques tion and others of a are 
re solved to mutual s ati sfaction of the contrac tor 
menta of qual i ty will be s er iously affec ted the 
opinion and judgment e 

9 0  In c ases where c onformance or non-conformance of a un lt 
to the requi reme nts of an test is de termined 
menta - ac tivl frequency , time  , few 
everybody will read a me ter with suff icient ac curacy s o  
opinion on whe ther o r  not a crystal unit i s  o n  prope r 
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proper ac tivity c an be obta ined . If ac ceptance te s ts covering mechani­
cal, visual , and internal inspe ctions are to be given equivalent s tatus 
with ele c tr ical or temperature t e s ts in de termining acceptability of a 
cryst al uni t ,  then it is e s se ntial that an e qu ivalent d egree of c larity 
in def ining a de fec t should be developed for the s e  former tests as is now 
available for the latte r ., The contractor is e nt i tled to know what a c on"" 
form ing or non""conforming i tem is for the se visual te s ts if he is expe c ted 
to adju s t  his proce s s e s  , including his own inspection so as to pre sent 
crys tal units subs tantially fre e from de fects " The contrac tor is also 
a nti tIed to know that the S ignal Corps ins pector is us  ing the same definie-͸ 
t ions of de fe <:! ts <> The Inspection A gency real i z e s  the for e s =  
tablishing uniform ac ceptance criteria for Cry s tal Units at all inspec tion 
po ints and for all pers onne l o  Perhaps insuffi c ient attention has bean paid 
by contrac tors , inspe ctor in superv i sory levels  , and S ignal Corps labora tory 
organiz ations to cl ear ing up the s e ques tions involving workmanship s tandards o 
It is a j ob that belongs to all of u s  and should be s tarted immed iately ͹ 
S everal sugge s t ions of imme diate practic al valu e might be tried " 

Note : The subj ec t of e s  tabl i shing phys ical s tandards for de fects 
in 'Visual and mechan ic al inspe c tion wa.s discu s s ed with the use of 
blackboard illus trations .. The program inaugure.ted by the Inspec = 
t.ion A gency a.nd the Labora.tories to deve lop and issue de fe c t  s tand",· 
ards was di scus s ed o The contrac tors were reque sted to take the 
initiative in cooperation with res  ident inspectors in compil ing 
examples of v isual defe c ts which were e s pe c ially troublt1some at 
the ir own plants o The role of the Zone Crys tal Coordinators and 
A ge n cy Coordinator in compil ing and s tandardizing thes e  s tandards 
were des cribed G 

At this po int in our discuss ion we covered the principle lines along 
which we would arrive a,t an UA cceptable Qua.l i ty Level u ; the organiza tion 
and use of acceptance tes ts for measurement of quality performance and 
how to e s tabl ish workable standards for de fe cts to be used in connection 
with the ac ceptance tes ts wh i ch 
background we can discu s s  the proc edure for 
UAc ceptable Quality Levelu ; the dÞßfini tion o f  the contrac tors a res pon= 
s ibil! ty in produc tion of material e qual to or be tter thnn t.he ItA CC'3 pt= 
able Qual i ty Level" and the respons ib111.ty of Government inspection in
developing sound inspe ction acceptance procedures to prot,ect the con"" 
trac tor from unjus t re j ection  "" re j e ction of good materi.al ,." and to 
protec t  the us ing s ervice s  from unjus tified ac ceptance s - continu ing 
a.c ceptance s  of material conta.ining defectives in e xces s  of the mini.mums 
e s  tablished by the UAc ceptable Qual i ty Level o ·9 To rev lew ,,� an "A ccept.,., 
abl e Quality Level" from the point of v iew of the m allufac turer and ine-.. 
spe c tion , is the maximum perc ent defect ive that the contrac tor c an 
c ontinually submit for ac ceptance and which will mer it continual accept­
ance by the Signal Corps  c; The acceptable quali ty level to be es tabli shed 
for the crys tal indus try will depe nd on the prac tical balance between 
two s i gnificant factor-s  6 

e. G  What percenta.ge of d e fe ctive or non- conforming units c an 
be suppl i ed to the fleld and s till me e t  their needs for e ffectiv e operation." 

require judgment de c is ions @ Vb'lth this 
at a for the 
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E Q  What l evel of qual ity can pr es ent mas s produc tion processes 
be re as onably expec te d  to delive r . Let us cons ide r  the second fac tor -
the s imple r  one to evaluate a t  the pre sent time = and rev iew a me thod for 
determining what quality level Can be reasonably expe c te d  from a number 
of represe ntative crys tal m.anufac turers " 

10 0 A s imple me thod for e s tabli shing a tentatiV'e ac ceptable quality 
level for the crys tal indus try might be bas ed on a thorough a.nalys is of 
the produc tion performance at some 10 or 12 pla,nts " If , for a repre senta­
tive per iod of time g we found that the se 10 or 12 producers were del ivering 
mater ial of re a.sonable uniformity from day to day ,  then the proce s s average s 
bas ed on ins pe c tion results of the s e  manufac turers 'Would be a rather accu­
rate es timate of the quali ty of material being shipped to the field from 
the se plants " The S ignal Corps lVould not be taking an unreas onable stand 
if in the initial s tages of i ts quali.ty c ontrol program it e s tabli shed for 
the indus try a quality lev el bas ed on the average proce s s  performanc e of 
these selec ted plants " It might develop , and s hould be expected  ll that the 
ac ceptable quali.ty levels bas ed on the produc tion performance of these 
s ele c ted plants would be s lgnificantly better than the quality currently 
be ing delivered by the r(ǯs t of the industry 0 Requiri:ng the res t of the 
indus try to conf(Jrm to such a standard may place 1:1 demand for improvement 
and better c ontrol of the current processes .." inc luding c ontrac tor inspec -
tion "" at all other It c an be seen that from a sens ible evaluat ion 
of inspec tion records t.hat a of c ontrac tors in the order of the ir 
quali ty of performrance c an be and would be an extremely valu= 
able piece of information for By a series of succes s ive 
s teps lnvolv ing ; a tentatIve ac ceptable quality leve l 
based on manufac turers , secondly , pre scl"'ibing 
e qui'Talent of the me asuriIlg 
the performs,nee on a '" a thoroughly rea""' 
sonable acce ptable for the en-tire :i.n ... 
dus try,.. Developing an acc eptable would the S ignal 
Corps to spe c ifi.c ally require of that hit, product,ion 
proee s ses cons is tently deliver material not wors e than s ome predeterrmined 
and spe c ified defe(; tive * 

11 0 F'or i,11:us tI's:tion , let us a.s sume qua.l 1ty levels of 
1% for any one group te s t  and for all te sts takĦ3n together was e s tab­
lished o It would be thH re.spons ibili.ty of the manufa c ture r to control 
his proce sses to the point where uniformly and cons is tently p material 
would be pre s ented for S ignal acceptance wh ich would not be s i g­
nificantly worse than 2% de fective for all grouped acceptance te s t s  taken 
toge ther ; and of that 2% no more than could be contributed by any s ingle 
acce ptance tes t e  Ifhis i s  one s imple but effe c t ive method o f  s tating the 
contracto r  O s  re spons ib ility in the produc tion of good qual i ty material o  
( It might be o f  inte res t  to point out that our preliminary inves ti gations 
to da.te ind i cate that no manufac turer for any of crYfj tal is mee ting 
quali ty leve ls which I have used for illus tration .. ) When we s pe ak of 
product ion proce ss 'lh ich mus t  be so corltrolled 8's to cons i s t.ently del iver 
mater ial e qual to or better than the , the performed by 
the contrac tor at every s tage in the proce ss are conside red as much a 
part of the produ ction proce ss as the produc tion tools and methods in use  . 

http:re.sponsibili.ty
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maximum , none of the 5000 s hould be accepted . 'I1here a.ppf.3arS t.o be 
little justice in returning two lots and accepting three if the qual i ty 
of all 5 i s  subs tantially the s ame o This is an illus tration where 
discrim ination be tween good and bad quality much to be 
des ired and where ine ffe c t iv e  d iscr imination penalty 
o n  the contrac tor produc ing an acce ptable product ac c eptanc e s  
o f  batche s  of unacceptable quali ty pre s ented poor producers t) 
The us ing forc e s  lose s both ways .. 

li+ - Let us as sume ; for purposes of illus trati.on that a contractor 
cons is tently produces material which is 
ter i s tic and c ons i s tently pres ents 
Corps acce ptance . It is qu ite conce ivable 
for an extreme cas e , tha t  common me thods now in wlde use 
would re j ec t  submiss ions of materi al dE:䳴fect:i.ve in the 
o rd er of 75% o f  the time @ Never thele s s ,  due to chanc e causes , of 
all submiss ions are ac cepte d . Ope ra tion under this while 
materially reduc ing the flow of material from that U s  plant 
may s till allow 2 5% of the shipments to be made who s e  not 
appre c iably be tter than 50% d e fec tive ʯ It may be under 
sys tems of' s ampl ing inspe ction in common use out 
the back door may not be sUbs tantially differ'ant of 
material submi tted for S ignal Corps as i t  should 
be .... provided ma.terial pre sented for is of proper quality 
leve l f> However , the maj or defic ie ncy of met.hods 
now in use is that they attempt to ,judge the merit 
lot submi s s ion by me ans of a sma,ll s ample wi thout any 
uating the overall qual ity level and of 

pre sented for ac ceptance .  If a contrac tor is 
average of 10% de fe ctive , there is 
the s ame s ampl ing s chedules at his 
plant o f  a c ontra,ctor c ons i s tently 
Sys tems in common use spe c ify an 
s ame acce ptance c ri.teria at di,ffe rent 
qual ity leve l s  be ing maintained at these 

1 5 0  In general , i t  might be 
suffer mos t  from the vagar ies of 
follows that the injustice of 
the us ing servic9 0 The S Ignal 
te ns ive work done by the Army Service 
for s e tting up sound sampling 
ments of acceptable quality l evel 
and the Government maximum 
a. nutshell , the e ffec tivene s s  of 
on the princ iple that produc ti.on processes 
whe re a high degre e of uniformi ty of 
and da.y out $  The s amples s e lecte d  from 
cumulatively added together g ive a more ac ctlr,a,te 
all cons istency B.nd level of the proc(䳳ss (I
for a continued analys is of inspe c t,ion rec ords 
to obtain ae curate information on the 
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17 $ We find 
to the wash tes t $  

proce ss shows 
u se of control
tes t would norma·lly 

for this 
that confront both the 

s tate , 
should 

re j e c tion  . 
but a 

are made for each 
No use i.8 of the s e  
'values i.n exce ss of 
ac cumulated for was h  
a very accurate picture 
the process 

cons, is ten cy at quali ty 
as an acceptance tool 
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Q" .d15 ty Control Appl ied to Crys tal Inspe c tion ( Continue d) 

16 䳱 We would propose the use of a double s ampling s cheme for mos t 
acceptance t e s ts in c ry s tal unit inspection . Such a s cheme would operate , 
briefly as fol lows :  A s ample from e ach lot o f  material pre sented for 
acceptance is cho se n  and thoroughly inspec ted  . The allowable number of 
defe c ts for th is fir s t  s ample is prede termined , and on the bas is of the 
f irs t s ample one of three actions is taken .. The lot of mater ia,l i s  
ac cepted as be ing c ons is tent with the acceptable qual i.ty leve l ;  the lot 
is returned for rewo rk and re inspec tion be cause the sa.mple sholVs the 
lot to be s ignificantly worse than the acceptable quality 

... a second 
level ; if

neither of these two actions is conclus ive ly i nd ic ated and 
larger sample is cho s e n o  Upon inspe ction of the s e cond accep t­
ance or €Jetion of the lot is m ad e  on the bas i s  of the numbe r  of 

who se 

failure s found in the combined f ir s t  and s econd s ample s inspe cted t.il W e  
would a l s o  propo se the use of flexible s ampl ing s chedule t o  operate 
roughly as follows : 'l'lh ere a c ontracto r  is c omfortably mee ting the AQL
without a lot to s pare , normal s ampl ing would be u s ed . Where the pro­
ce s s  average is s ignificantly be tter than the AQL , a reduced s ampl ing 
s chedule would be u se d .. Whe re the proc es s  average is found to be 
appre c ia.bly worse than the AQL , a s tricter s ampl ing lwuld be 'Use d ..  It 
is  by the use of a flexibl e system which applie s a s ampling s chedule 

rigor is adjus te d  t.o the produc tion performance at e ach plant 
e ffectiv e  d i s c r imination be twee n good and bad qual ity is re ally 

obtaine d g  The pay-off , reduced s ampling s chedule s  , is g iven to the 
good quality produ c er and the rod , s o  to s peak , is applied through
the med ium of str icte r  sampling s chedules to the poor qual i ty produ c e r " 
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Quality Control Applied to Crystal Inspe ction ( C ontinued ) 

s tatis tical sampling schedules and sampling sys tems in current 
use were drawn . The documentation of the contrac tor ' s  respon­
s ibility by s tatement of AQL and the respons ibility of the 
Signal Corps inspe c tion to prov ide adequate as surance to the 
contractor that only justifiable re j ections are made while 
affording the Government protection agains t acceptance of 
defective material waS demons trated by the operating charac ­
teris tics of proposed sampling s chemes . 

18 . To review, the overall obj ectives of a quality control program 
are : 

䳮 .  To give the contractor a clearly defined and documented 
s tatement of his respons ibil ity for the production of material of ac cept­
able quality .  

E. To give the S ignal Corps inspec tor an equally well defined 
me thod of inspection so that accurate measurements of the degree with 
which the contractor has met his respons ibility can be made . 

c .  To es tablish for both the contractor and S ignal Corps a 
common undeɞs tanding of acceptable quality for all acceptance tes ts Y 

g . T o  utilize the Signal Corps inspection pos i tion only as 
an effective tool in the measurement of quali ty and for all cases where 
the contrac tor discharges his respons ibility to guarantee the smooth , 
uninterrupted flow of material through the Signal Corps inspe ction pos i­
tion to the field . 

To establish uniform acceptance criteria at all S ignal 
Corps inspection points throughout the crys tal industry . 

Colonel Harris ' organization in cooperation with other Signal Corps 
agenc ies repre sented here today , is inaugurating a program for the 
clarification of mutual problems fac ing the manufacturers and S ignal 
Corps inspe ctors ,  and for the introduction of quality control accept­
ance inspection me thods wherever poss ible .  You people will be c alled 
upon to give us the utmost in cooperation . Where ne ces s ary we will 
c all for increased e ffort on your part to obtain greater uniformi ty in 
produc tion and contractor inspec tion . It may be neces sary to require ­
in some of the initial phases of our work - an increased number of s amples 
to be chosen and tes ted by the Signal Corps inspectors .  I feel free to 
make the categorical statement , that without this cooperation of the 
contractors in this mutually benefic ial program no re asonable succe s s  
will be achieved . It is not the policy of Colonel Harris n organiz ation 
to require people to take different approach on inspec tion by means of 
a directive . You are entitled to - and will receive - as complete a 
s tatement of our obj ectives and purposes as is poss ible when we come 
to ask you to do some spec ial work to help us get thi s program under 
way 0 
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CRYSTAL !lISTING EquIPMD'! 
CAPTAIN 10 Fo MI'l!CDLL 

olc CRYSTAL mwrox o 
CAMP COLES SIGNAL LABORA.?RY 

10  I shall talk o n  crys tal t es t ing equ1pnent l> but l1mi t myself to 
consideration of tho se 1 tam. ot t e st equipment whi ch are peculiar to 
crystal t elt1ngo 

20 The two 1 tams of special equident used. in tes ting crystal s are 
t ea t oscillators and s eal t es t  equipment 0 Let us consider the seal t est­
ing equipment t1rst o  Heretofo re we have generally t es t ed � e  s eal ot 
cr.ystals by imm ersing them in a container of water 9 placing the water in 
a vacuum chambero and reduc ing the ambi ent pre ssure o Although thi s 
me thod d0 8S show up mo s t  uni ts that have bad leaks in them » i t  has 
s everal weaknesseS 8 

Ao I t 1 8  no t reproduc1bleo 
),0 It do es no t show all l eakers o 

䳭p I t  i s  po s sibl e by the appli cat i on of thi s  t e s t  to intro­
duc e  a bi t of water into the ho lder and yet have the crys tal uni t pall 
the t es t e  At lome lat er date D af ter th e c r,ys tal uni t s  have been ace e³ 
t ed!) 1 t l s reasonable to expec t  tha,t thi s drop of mo i s ture will cause 
the crys tal uni t to fai l o  

40 Because ot i t s a em1=des truc t1ve nature i t  i s  ue117 
appli ed only a8 a type t e s t e 

30 Although thi s t e s t  has been unsat i sfa.c tory in several respec ts 
i t  was & unti l about a year agp g  the only seal t e s t  we knew how to applyo 
About that t ime there wal developed g by Bell Telephone Laboratorie8 D an 
equipment for ac tually measuring the rate at whi ch air wi ll l eak out ot 
a cr,ys tal ho lder if the uni t i 8  subjec t ed to a reduce! ambi ent pressureo 
To do thi s several uni t l  are plac ed in cr,ys tal so cketl in a vacuum c´ 
ber p the pressure reduced to below one inch of mercury and through an 
ex ternal swit ching arrangement a DC po tential of about 1500 vol t s 1 s  
al ternately appli ed to each un1 t o  When the pres sure wi thin any uni t 1s 
reduc ed to 10 inche s of mercury absolute �t uni t will permi t 80 much 
i onic current b e tween the elec t rodel o By det ermining the length ot time 
re quired for the pre.sur e  inside the holder to drop to t en inChes ot 
mercury wi th an external ambient ot les 8  than an inch we gain an idea 
of how rapidly the uni t leak8 0 It 1 1  o f  course nec eesar,r to oalibrate 
the various des i gns o f  uni t s  tor thi s te st o Furthermore theoretloal17 
each trequencµ would have a s eparate ca11brat1one tor the frequency ot 
the uni t dete¶1ne. that of the oscillator plate and v therefore v the 
spaCing ot the elec trodes 1 6  determined by the thickness of the oscillaP 
to r pla.te and henoe (for any given cut ) by the frequencyo Howe'ver l) 1 t 1 8  
feasibl e to group many frequenc1 el under one callbrationo 

40 Various troubles may be encount ered in at tempting to apply thi s 
t e s t o  I f  the edges of the elec trode s ar e  burred the t e s t  may be 1nva11= 
datede Certain care mus t b e  taken in inserting the c rys tal uni t s  in the 
socket s wi thi n the vacunm chamberg o therwi s e  ares may occur between 
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Crystal Tes tiIl€ lDqu.ipment ( Continued) 

crystal holder pins o Certain uni ts wi l l  pass the speci fi ed amount of 
current at room temperatureo Thi s 1s probablY' due to inclusions cone 
tained in the o sci llator plate pOllibly rutil e  needles8 ( ti tanium 
dioxi4e) 0 Such uni ts of course canno t  be tested fo r adequat e s eal in 
thi s mannero 

50 BOwever, wi th a little use and investigat ion , it i s  b eli eved 
that thi s type of test can be made appli cable to substantially lOO+ ot 
the pro duc tio n  ot ŝ given type ot cryltal uni t o  It 1 s  DOW being 
succes sfully used in at leas t three plants on crys tal s as widely dlvelb 
gent in charac t eri l tics 88 pressure mounted BT cut uni ts and plated C T  
cut uni t s o  Thi s i .  a test whi ch can be rapi dly appli ed .  i s  non-de s truc­
tive 9 there being no danger of so affecting the uni t s  that a failure 
wi ll occur some time after the test , and can, tneretore 9 be appli ed to all 
uni t s  ( except tho se tew uni ts which pas s  DC through the o scillator plate 
i t s elf) 0 FUrthermo re , i t  i s  beli eved that the resul ts ob tained by thi s 
method wi ll be far mo re reproducible than results obtained by an 1mmer= 
sion tes t o  Prac ti cally all pres ent crys tal specificati ons re qui re that 
crystal uni ts be tes ted by thi s method as soon as the equi pment 1 s  availŞ 
able o  

60  Th e  o ther i tem ot t e s t  equipment used in the testing of cr,ys= 
tals is the teat 08ci llatoro Let us 8ee what is required ot the crystal 
test o sc 1 l1atoro It has alWaf8 been generally known by crystal people 
that a given crystal uni t does no t have a uni qne trequency but that i t. 
exac t frequency at a given temperature 1 s  determined by the circui t in 
whi ch i t  operat e s o  I t  i s  the shunt capaci tance whi ch the o sci llator 
circui t  present s to the crys tal which exac tly determines the trequency 
at which a cT,1stal uni t will tunc tiono I t  has no t always been so well 
understood tnat the relative ac tivi ty of a crystal uni t i s  al so deter­
mined by the charac teri s t i c s  o f  the o scillator c i rcui t in whi ch i t  i s  
usedo However p  I beli eve this i .  now generally recogni zedQ The part ie= 
ular charac teri s t ic ot the o sc i llator ci rcui t whi ch effec t s  the relative 
ac tivi ty of the crys tal i s  that charac teri stic of the o sc i llator ci ş 
cul t which permi ts a parti cular crystal to o s cillat e  wi th a c ertain 
ampli tude ot vigore Thi s can be thought ot as the etfec t 0'1 the o scil1 ... 
tor circui t on the RF vol tage whi ch the circui t places acro s s  the 
crystal or the RF current whioh the circui t O8nse. or permi ts to pas s  
through the c ry.tal e Thi s charac teri s tic i s  frequently no t cri tical and 
probablT i t  1 s  suffioient for a given cr,rltal simply to have the current 
which pas ses through i t  be below lome certain 1evel o Nevertheless this 
fac t Should not be completely ignored in d1 scusslngo specifying o r  us ing 
tes t  ci rcui ts o  Let us then say that the following two condi ti ons are re­
quired and sufficient of a tes t o scillato r s  

40 I t  should pre sent to the cr.ys tal uni t the same &hunt 
capac i tance as the Š8 e "  ol roui t o  

An I t  should drive the crys tal unl t al hard as do es the "use" 
ci rcul t o  
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Cr,ystal Testing Iǡipment ( Continued) 

70 In Itarting otf trean i t  wou14 of cour•• be pos sible to 
achieve the same end result by a different approach. We could then 
chooee to telt the crystal in any circui t selected and requi re that Bn1 
new equipnent deliped to use such a crystal should look to the crystal 
the same al the select ed test circui t o  However, in mos t  cases , we have 
been prevented from doing so  since the various equipments which were to 
use cr.ys tala were deelgae4 without reference to &n7 particular crystal 
or cr,ratal telt o lcillatoro 

8 0 It has become necealar" in the procurement ot crys tals to select 
80me suitable t.st o 8cillatoro In proGUring cr.ys ta1s tor operating a 
partlcular plec e ot equipment the most obvious answer to the question of 
what test 0lcll1atorl Shall be used is to agree to use the actual .Ǣlp= 
ment ln whi ch the c17l ta1 will operate 0 Thi s 1e a very reasoDable solu­
tion and i l  workable and ma䳬 crystals have been bought in �.t ǣt 
maunero However ,  the use of the radio set prelent s certain 41fflculties o  
In the ti rl t  place ,  i t  i s  nece.sarr to selec t and maintain an average or 
a mlntawm set ae a e tandard let and make all other setl used al test 
o scillators acre. with that let o  !bi l l '  no t easyo MoreoTer 䳪 radio 
equipments are too large and cumberlomeo One o ther difficulty i s  the tact 
that 1t is frequent17 not feasible to vary over a ride range the t empera-. 
Ǥre of a crystal uni t while i t  i s  ins erted in a radio let , nor i s  1 t  
teasible t o  vary the temperature o t  a complete radio I.t o I t ,  therefore ,  
may become nece.ear" i n  uliDg a radio set al a tea t olcillator t o  pro­
vi de a Jig whi ch had leads trom the crystal locket ot the equipment to a 
cǥ.tal locket contained in a temperature box o !his ,  of courae , adds to 
the capaci ty aerOla the cr,rltal and may eali ly deltroy the frequency 
correlatlol1o It i l  po. lible to avoid the dltticulties peculiar to Ǧe 
us e of a radi o .et &8 a tes t o lcillator b, designing a s imple cry,tal 
oscillator which looke to the crystal the same as 40e8 tbe ǧIe " clrcui t o  
Thi . teat  o scillator m &T  b e  deaigned wi th leads going into a temperature 
box al part ot the 0 lcl11ator circuit o  !hereby frequenc7 correlation 
wi th the radio set i l  obtainedo UlU.ally a simple one or two tube o lcil­
lator.  bo th inexpensive and amall o can be co rrelated sufficlentlr well 
to a complex radio .et circui t o  Such OSCillator. are alreaq used in 
specifying and telting of Signal COrpl C!78tallo I bell eve that they 
have generally been reterred to by the indus tr.y al "Signal Co Ǩ. Black 
!oxes " o  I doub t that thi s Dame val appli ed becauee they were painted wi th 
black enamelo I t  i s  virtually impo ssible to define the eftect on a 
crY8tal uni t ot one of thele 10 called "black boxes "o  If they are to be 
uled the only way o t  giving nWlerlcal ",&lue ot activi ty 11  to eatabllah 
a seri e. ot standard 0lci l1ator8 p making snre that the charac teri stic. 
of the control o lci llator 40 no t change o and relating the Characteri s­
tics ot all o ǩer o scillator. in ule to the primarr etandardo Bowevero 
this i s  a difficult 'au and w1 11 ot neee.I1 ty alwqa be a potential 
source ot argwraentlo 

90 Deepi te the difticult7 in us ing such telt lets as a means tor 
specifYing cry.tal pertormaDCe .䳫 million. ot adequate crystal. have 
been procured tor the Signal Corp. on �8t suCh a ba81 8 0  The problem maT 
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Crys tal Tes ting Equipment ( Con tinued) 

no t be s eri ous i f  the ac t ivi ty requi red o f  the i s  no t cri t i cal 
to ei ther part Yo By that I mean if the o f  i s  
no t diffi cul t for the manufac turer to and contains a suffi c i  ently 
large safe ty fac tor that a crys tal uni t \"l:t th an 
ac t ivi ty wi ll operate the e quipment adequat elyo when we are 
faced wi th the problem of provi ding c rystal for which require 
a crys tal as go od as i t  is prac ti cable to the prob-
lem becomes very acuteo  

10 0 If the simpl e  black box i s  to be 
the Signal Corp s  design a b lack box fo r each 
are pro cured 9 s tandardi z e  and maintain a seri es 
t o  which the t e s t o sc i llato rs in the 
referred, and cons tan tly check ca11bration o  
t 1 cab l e o  I t  was Œ  therefore 9 cons idered to 
or at l eas t adjus table t e s t  o sci llators whi ch would 
on them as would enable the o sc i l lator ,to be 
c rys tal any of a nurtlb er of equ1pment o 
t ermed universa.l 1, t must be capable of 
capac i tance to the crystal and it mus t 
given crystal wi th various degrees of
1ns trmnent to be very 
desigrl an which 
any given t to 

which 

12 0 are words whi ch 
whi ch have been used 
wo rds and 
the s e  

110 
relationships 

;ko 
sueh that i t  
may b e  made in 
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Ory s tal T e s t ing Equipment ( Cont inued) 

130 Al though the des ign o f  adjus table t e s t  o sc i llators i s  no t 
di fficul t p  the probl em o f  maintaining calibrat ion 1 s  difficul t 0 

Thi s di fficulty i s  i ncreas ed as th e numb er o f  s e t s  to be s imulat ed i s  
increased and probably th e increas e 1 s  much out o f  o n  to the 
rat i o  o f  the number of s e t s  s imulated o  Therefore Ğ  i t  has been neces= 
sary t o  provide some adequat e m ee.ns o f  oal ibrating the 
The o riginal method o f  c8.11brat ion was. t o  take un1 t s  
them i n  a whi ch might b e  a radio 
then in the t es t  s e t  be1.ng 
cal ibrated so that 䳩. t the S2JIle 
crys tal as did the s tandard" 
operat ing near th e 
mat erially over a short 
Furthermore , know that 
We n o",{ that thi s  
prevent i t  
ago thi s was no t 
to be u s ed for 
to cal ibrat e at the 

usual ly di ffi cul t to of 
a c rys tal uni t can be knocked down 
in s eri es or wi th it or 
the firs t method is mo s t  conveni erlt :p 
no t give t oo accurate resul t s o  The s e cond me thod no t 
however ䷇ i t  may b e t t er resul t s o  

14" T:b. e  sch eme o f  
was envi si oned and such 
HD #t 
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150 The s cheme employed in thi s me thod of calibration has been 
ext ended t o  the CIS- l and we plan to provide art ifi cial crys tals fo r 
use in calibrating the s e  equipmen ts to s imulate vari ous radio s e ts o 
These art ifi cial crys tals are currently being tri ed out by S ignal Co rp s 
personnel and we have s ent i nstruc tions to Galvin to see i f  they can 
us e a co i l whiCh they have fabri cated in acco rdanc e wi th our speclfi cÎ 
tlons o I t  1 s  hoped that by use ot such artificial crys tal s we can eli­
minat e the nece s si ty to r such great care i n  fabricating and maintaining 
tes t o sc i llat ors o Thi s would perm i t  the checking of calibrati on at 

or at the Laboratory wi thout carrying s tandard o sci lls. tors from 
to plaee o Furthermore , i t  wi ll be po ss ible to specify c ompl e t e ly 

(;I, test  s e t o Thi s i s  80 b ecause the artific ial crys tal s can be comple t ely 
defined by a drawing , which gives the value of the to tal res is tance and 
r eac tanc e whioh the artific ial crys tal has at any one trequencyo Henc e  
to define c omplet ely a test oscillator ,  i t  wi ll b e  neces sary only to 
give a schemati c and po s sibly the layout o f  the tes t osci llato r and define 
i ts calibrat ion wi th reference to i t s  perfo rmance wi th a s tandard arti­
fic ial crys tal inserted in the c rys tal socket o Le t us hope tnat thi s can 
be reduc ed to acc eptable speci f i cat ions very rapidly to r once i t  has b een
accompli shed, one of Ïe greate s t  ambigui ti es in crys tal specificati ons 
wi ll have been removedo 

1 6 0  I beli eve that when we have accompl i shed thi s we wil l  have pro= 
vided a compl e tely usable and adequat e tes t  s et fo r spec ifying and pTO= 
curing c rys tal un! t s o  However , such a method of speCifying and t e s t ;2,ng 
crys tals wi ll no t  sati  sfy the Labo ratory for cr.ys tals wi ll s t i l l  be 
def ined in terms of thei r  performance i n  some arbi trary ciroui t and i t  
i Ð  o bvious ly des i rable to spec ify a crys tal in terms only o f i t s elfo 
! bel i eve that 1 t 1 s  po s sible to do thi s  bu.t becaus e of the fac t tha,t 
certain charac teri s ti cs o f  cr,ys tal uni ts vary one wi th the o th er 
in a s traight l ine relati onship , the problem is extremely 
cve r Ñ  we are now pursuing an inve s t igat ion of measuring and

1.n ab so lute t erms and of cours  e if we Can achi eve 
1J1i l 1  	thell us e such defini t10n o f  crys tal un! t s  in specifi ca.ti ons o 

:t IS fl I am sur e t at l east six month. off\) 



CRYSTAL SPECIFICATIONS 
C aptain E .  F .  Mi t che l l  
ole , C ry s t a l  B r anc h 

C amp C o l e s  S i gnal Lab . 

1 ..  I n  d i s cus s i ng c rysta l  s pec i f i c ati o ns I s ha l l l i mi t 
myse lf t o  s pe c if i c ati ons app l i c ab l e  to S i gna l C o rp s  type s Ƥ  I n  
gene ral , the e a r li e s t  s pe c ifi c ati ons we re c o nt ai n e d  b odi l y  i n  e qui p­
ment s pec i f i c ati ons ƥ Such a s pe c i fi c ati o n  i s  f ai rly e as y  t o  wri te . 
E s s e nt i al ly al l that i s  nee d e d  t o  b e  s a i d  i s  tha t  the c ryst a l  s ha l l 
e nab l e  t he e qui pment t o  me e t  al l o the r sp e c i fi c ati on re qui rement s .  

2 ..  I f  an i ndivi dua l  o r  o rg ani z ati on de s i re s  t o  s pe c i fy c rys­
ta l s  f o r  only one p i e c e  of e qu i pment , thi s may be an ent i re ly ade qu ate 
s pe c i fi c ati o n .  Howeve r, it ha s s eve ral we a,kne s se s ..  I n  the f i rs t  
p la ce ,  when s pe c i fi c at i ons a re w ri tten i n  th i s  manne r i t  u sual ly me ans 
th at a rad i o  e ngine e r write s  a c rys ta l s pe c i f i c ati on e The p robab i l i ty 
i s  tha.t that radi o e ngi nee r  knows ve ry l i tt l e  ab ou t c rys ta l s  and how 
to s pe c ify them U I know whe re of I s pe ak, fo r l ong b ef o re  I was i n  the 
C rys t a l  S e c t i o n ,  and when I knew even l e s s  ab ou t  c rysta l s  than I do now, 
I onc e  wrote a c ry s ta l  s p e c i f i c ati on .. I t  was for the DO - 12 to be u se d  
in Rad i o S e t  SC R:,., 2 84 . Tha.t s pe c i f i c ati on was no t a goo d  c rys tal s pe c i ­
f i c ati on , howeve r I bel i eve i t  was n o t  t he wo rs t c rys t a l  s pe c i fic a ti on 
eve r i nc l ude d in an e quipment sp ec i f i c ati o n ..  I b e l i e ve th at in gene ra l 
e qui pment e ng i nee rs do not know what c an be re a s o nab ly e xpe c te d  of a 
c rys tal i n  the way of t empe rature and f re quenc y  cha rac te ri s ti c s ..  Fur­
the r ,  they do not know how to s pe c i fy the a c t ivi ty of a c rys ta l . They 
may give t o l e ranc e s whi ch are ei the I' ri d i cu l ou s ly wi de o r  wh i c h  a re a l­
mo s t  impo s si b l e  fo r a c ry s t a l  manufac tu re r to mee t o  Anotte r we akne s s  
in w ri ti ng c rys tal s pec i fi c at i ons i n  s uch a manne r i s  t hat i t  c omp l e te­
ly d i s  reg a rds the p ro b l ems of s tanda rdi z a ti on, fo r if e qu i pmen t s  a re 
bui lt t o  a perfo mlance s pe c i f i c ati on and t he c rystal s pe c i f i c at i o n  i s  
that the c rystal s hal l enab le th e equipme nt to pe rfo rm. s ati sfacto ri ly, 
we may end up not o nly wi th a dif f e rent c rystal for each di ffe rent 
type of e qu i pment but al s o  wit h  ve ry many c i reui ts s l i gh tly di ffe rent 
fo r the s ame type e q ui pme nt as manufactured by di ffe rent c ompani e s  .. 
The refo re t he c rys t a l s wi l l  b e  di ff e rent .. I n  the i niti al p ro cureme nt 
of e qu i pments Ʀ thi s i s  not p a rt i cula rly s e r i ous , but i f  we a re c a l l e d  
upon t o  p ro cu re re p l a.c ement c rystal s fo r thos e  equi pme nt s ,  i t  ma.y 
p rove se ri ous '" 

3 "  I know of one notewo r thy , ho rri b le examp l e  ; a c a s e  wi th 
wh i ch s ome of you a re qui te fami l ia r ..  Thi s is the c ase of F re quency 
Me te r Set S C R- 2 1 l  whi c h  i s  a ve ry we l l en gi ne e  re d  pi e ce o f  equipment ,  
howeve r o ri g  i na l  spec ifi cati ons we re pe rfo rmanc e spe c i fi c a t i ons and 
the c rys ta l  was requi red t o  o pe rate the F re que ncy M e te r ade quate ly .. 

The r e su l t  wa s t hat o f  the fi rs t th i rte e n  mode l s  of the e qu i pment 
e a c h  requi red a. c rys tal whi c h  was s l ight ly d iffe re nt from the othe rs II 

I n  re c en t  month s th i s  has c au s e d  a ve ry s e rious p ro b l em fo r t he S i gnal 
Cor p s b e c au se i t  has be come de si rab l e  to g e t  re pl ac eme nt c ry stal s for 
s ome o f  the s e  unit s a l re ady i n  the f i e l d ..  The p rob lem o f  pro vi ding 
s pe c ifi c ati ons and t e s t  s e t s  i s  so s e ri ous tha t  i t  appe a rs that some 
of the f re que ncy me te r s  wi l l  be th rown away s impl y  b e c au s e  the c ry s ta.l 
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spe c i f i  c ati on may 
in a te s t  

the fo rm o f  
of c rys ta l s  

dete rmi ned for the 
the s e l e c te d  te s t  o s c  i l l ato r "  

the te st o s c i l l at o r  and 
as sured $ Once 

s pe ci fyi ng ,  
spec i fi c at i. o n  i s  a ne ce s sa,ry p re'" 

p ro g ram fo r standard .... 
pe rfo rmanc e i s  def i ned i n  te rms o f  op-

b e  s s  ibl E) t o  

C o le s  that a ce rtai n 
s tandard behave s s o  m. d s o  in a 

e qu i pme nt me an s almo s t  to 
of the Ame ri c an Nar Standa rd 

t he OCSi gO s ARL and C C SL wo rked 
7 1- 3046 c ove s u re mounte d 

and vi go rou s was made to 

as po s sible o beli eve that c on­

C rysta l  S p e c i fi c ati ons ( C onti nued ) 

c i  rcui t and c ry stal unit we re not standa rd i  z e d  e a rly i n  the game & 
A l l  p re s ent and futu re mode l s  o f  the equ i pment have been standa rdi z e d 
e le c t r i c a l ly a s  we l l  a s  physi c al ly and th i s  p rob l em wi l l  not ob tain 
wi th thi s  equ i pment in the futu re . 

4 @  The next s te p  i n  the evo luti on of a mode rn c rys ta l s p ec i  ­
fi c at i on i s  the wri t i ng of lit gene ra l c rys t al s p e c i f i c ati onp wh i c h  gene r­
al s pe c i f i c at i on i s  made sub si di a ry to an equ i pmen t s pe c i f ic ati on $ Wi th 
thi s s cheme parti cul a r  t o l e ran ce s or the ci rcu i t  in whi ch the c rys ta l i s  
to b e  te s te d  a re spe ci fi e d  i n  t he e qu ipment spe c i fi cati on Ĳ  Thi s i s  a 
s tep f o rward fo r i t  e nab l e s  the c rystal en gi nee r to c ontro l  the c rys tal 
spe c i fi c ati ons for the mo st par t  and to gui de the e qu i pment engine e r  
thro ugh the c rystal p roblems whi c h  a re pe cu l i ar t o  that equi pment Q How­
eve rp th i s  method a l s o i gno re s the problem of c rys ta l s  and 
c rys tal o s c i l l ato r ci r c ui ts .. Such a re that the 
c rystal wi l l  behave so a.nd so in the radi o s e t ,  o s ci l l at o r  
s i mul ating the radi o s e t ,  o r  i n  b o th .,  Thi s i s  spe c i fi c ati on 
whi c h  ha s been used i n  procu ring the gre ate s t fo r 
the S i gnal C or p s  for thi s war 3  

5 4)  Anothe r s te p i n  the evo luti on of the c rys ta l s pe c i f i c· at i on 
has been the w ri t i ng o f  enti re ly i nde pendent 
Ame ri c an War S tandard fo r C rys t a l  Uni t C R- l  

ati on s ., 
i s  of such 

No .. 7 1 .... 302 1 
and DT Cut 

a 
s pe c i fi cati on " S ignal C o rp s  Spe c i fi c ati ons nC rys ­
tal Uni ts wi th Wi re Mo unted S i lve r  Pl ate d Clf j; and 
No .. 7 1-30 46 c ove ring " Pre s s ure Mount e d  Qu art z  C rys tal s U are o t he r  ex­
wnple s .. I fi rmly b e l  i e ve that i t  i s  highly de ai rab l e  to hs,ve a l l  c rys­
tal s pe c i fi c ati ons i n  a comp le te ly i nde penden t fo rm.. Howe've r the p rob­
lem o f  pre pa ring an adequate i ndependent s pe c i fi c a t i on fo r o ry s t al s fo r 
e qui pment i n  exi s te nc e  i s  a s iz e ab l e  one , f or s. te s t  o s c i l l ato r ha.s to 
be se l e c te d  and then l imi t s have to be 
c rys tal in te nns of i t s pe rfo rmance in 
Co rre l ati on betwee n  the s e  l i mi t s  o n  
pe rfo rmance in t he e qu i pme nt mus t  be 
howeve r, it make s the p rob lem of 
c ry s t al s  s imple r ..  Fu rthe rmo re such a 
requi s i  t e  to any eff e c tive and extens ive 
i z ati o n .  F o r  s o  long as c ry stal 
e rati on i n sp e c  ifi c equi pment s , it wi l l  
b r ing the vari ou s equipmen t engi nee rs 
b e c ause to te l l  an engi nee r  at C amp 
c rystal unit whi ch i s  p ro p o s e d  a s  a 
ce rtain p i e c e  o f  Army Ai r Fo r c e s  
that C C SL eng inee r . In t he p re p a rat i on 
for C rys tal Uni t CR- l ,  te chni c i an s  of 
hand i n  hand . Spec i fi cati on No . 
Qua rtz C rys tal s "  i s  b as e d  on tha t ANS 
have t he s e  s p e c i fi ca ti ons as s imi l a r 
s i de rab le suc ce s s  was ach i eve d  in th a t e ffo rt <)) 'rho ss three groups to­
gethe r with the Si gna l C o rps I ns pe ction A gency wi ll  c ont inue to s t ri ve 
toward s s tanda rdi z ati on o f  al l c rysta l  



2 8.9. 

C ry s t a l  Spec i fi c ati ons ( C ontinu e d ) 

6 .  I be l i eve tha t spe c i fi c ati ons fo r c rystal s fo r the u s e  of 
the Army A i r Fo rce s and for c rys t al s for the use of the A rmy G round 
F o rc e s  c an be a lmos t identi c a l . The o nly s tr i ki ng di ffe ren ce b e twee n  
the s e rvi ce c ondi ti ons impo s e d  b y  t he two s et s  of s e rvic e s  i s  that 
c rys tal s for A i rbo rne equi pment mus t  b e  c apab l e  of repeate d ly go i ng 
through rapid p re s sure cyc l e s  i n  which the amb i e nt p re s su re va ri e s be­
twe en ful l  sea leve l atmo sphe re and the p re s su r e  obtai ne d at g re at 
e levati ons . C oncurrent with the s e  pre s s u re c yc le s ,  the uni ts a re 
c a l l e d  upon to me e t  rapid t empe ratu re cyc le s  i n  whi c h  the tempe rature 
i s  varied f rom way be l ow ze ro to as high as 90°C . Ground F o rce s c rys­
ta l s  may be re qu i re d  to expe ri ence the s ame sor t of ext reme tempe ra­
tu re s  , howeve r the y wou l d  hard l y  be cal le d upon to meet rapi d tempe r­
atu re cyc l e s  . I n  no rma l s e rv i ce , Ground Forc e s  c rys tal s a re not 
c a l  led upon to me e t  l arge cha nge s i n  amb ie nt p re s su re .  Howeve r ,  even 
Ground Fo rce s c ry s t al s  may a t  t i me s  b e  t ran s po rte d  by a i r and at such 
time s  the y  wi l l  be c al l e d  upon to mee t  almo st as e xt reme c o ndi ti ons as 
a re Ai rbo rne c ry s t a l s  . The refo re i t  s t ri ke s me tha t c rys tals fo r 
Gro und Fo rc e s  e qu i pment should be c apab l e  of mee t i ng the S &IDe c ondi ­
ti ons a s  a re c rys tal s fo r Ai rbo rne equ i pme nt .  

7 .  Henc e the S i &na l C o rp s  i s  c omnd tted to a pro g ram de s i gne d  
at fu rni s hing one c rys t a l  s pe c if ic ati on f o r a l l  c ry s t a l  uni ts . S o  f a r  
the c urrent s pe c ifi c a ti ons f o r sub s tant ial ly al l S i gna l C or p s  typ e s  

have b e e n  re du ce d  t o  four- -Ame ri c an UVar Standa rd fo r CR- I ,  s e  S pe c  . 
No . 7 l - ro  46,  Spe c . No . 7 1- 302 1 and S pe c  . No . 7 l- l3 5 5-B . The va ri o u s  
t o l e ranc e s  on the s eve ral uni t s  may diffe r, but the s ame s o rt of re ­
qu i rement s wi l l  b e  made a pp l i c a.b l e  to a l l uni t s . We a re fu rthe r c om­
mi tte d to re duc i ng the numb e r of te st s e t s  used in c rystal s pe c i f i c a­
t i ons to a mi nimum . As poi nted out befo ra , i t  i s  b e l i e ve d  that sub­
stant i a l ly al l our c rys tal uni t s  can be s pe c i fi e d  in te rms o f  e it he r 
Te st Se t AN!TSM- I o r  CES-I . 

8 .  Now l e t  u s  c o n s i de r s pe c i fi c  que sti ons whi ch have bee n 
a s ke d  wi th re g a rd t o  s pe c i fi c ati ons : 

1 q What e ffe c t  does dete ri o rati on o f  b ra s s  c ontact p l ate s 
have on aging of c rys tal , and what ha s bee n  don e to e l iminate the 
pro ble m? 

A De te ri o rati on o f  b ra s s  co nta c t  p la te s c au s e s  c rys ta l s 
to go dead becau s e t he stem of the c o ntact p l ate s b e c ome s s o  c o rrode d 
t hat the e le c t ri c a l ci rcui t i s  b roke n .  

Spec ifi cati ons have b e e n  amende d t o  p rohi bi t t he  u s e  o f  b ra s  s c o ntact 
pl ate s o C hange s in p re s ent c ontrac t s  a re be ing ne go ti a te d  to p ro hibi t 
thei r us e  . 

I s e tc hi ng go i ng to b e  p a rt of the s pe c if i c ati ons '? 

A Ye s .  I t  ·wi l l  be a pa rt o f  al l future s pe c s  fo r p re s ­
s u re mounted uni t s  . Although it is  c on t ra ry t o  S i gna l C orp s p o l i cy to 
s pe c ify manufact uri ng metho d s , we know of no o the r p ra.c ti c a l  way o f  
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A 

5 Q 

i s  re d G>  Thi. s 
manufac turing 

e tc hi ng wi ll be 

C rys ta l  S pe c ifi c a ti ons ( C ont inu e d  ) 

s pe c i fying the thi ng we want in thi s c as e .  

2bQ I f  s o ,  how s oon wi l l  that re qui rement b e c ome e f­
fe c t ive ? 

A As s oon as po s si b le - e xac t date to be de te rmine d  
at thi s  mee t ing .  

2 c Q  How muc h  etchi ng wi l l  b e  spe c i f i e d ?  

A Enough t o  i nc rea s e  the f re quenc y o f  a 4 me AT cut 
plate by 10 ko or o f  a n  8 me BT cut p late by 25 kc . 

3 Q Has a s at i s facto ry te s t  been devi s e d  t o  de te rmine 
a p ro perly f ini she d c rystal ? 

A No .. None whi ch c a.n b e  wri t ten i nt o  a s pe c if i c a­
t i o n  and c onven i ently appli e d  by i ns pe c t or s . 

4 Q C an e dgi ng o f  c rystal be app l i e d  at any s tage i n  
the e t c hi ng p ro c e dur e ,  o r  afte r e t chi ng ha s b e en comple t e d ?  

Ye s .  

I f  edging afte r or du ri ng etchi ng i s  pe rmi s si ble , 
wi l l  the e dg i ng p ro c e du re be spe c i fie d now o r  i n  the future ? 

A Any e dging p ro c edu re may b e  us e d  whi c h  d0 6 3  not 
empl oy a l o o se ab ras ive and whi ch doe s not ab rade the maj o r  s urfac e s  
o f  the o s c i l l a to r  p la te i n  any manne r s  

6 Q. What i s  re qui red o r  re commende d  p re ... e 't(�hing te ch­
ni que ? 

A No s peci a l  p re  -e tching te chni que 
i s  in a c  cordanc e wi th the SC p o l i cy of not 
me th ods except whe re ab solute ly ne ce s s a ry .  

'1 Q V\lhat c le ani ng me tho d afte r 
f i e d ?  

A No cle ani ng me th od af te r e t chi ng is spe c i fi e d o  Row­
eve r the units mus t be cap ab le of' pa s si ng the p re s ent ly p re sc ri b e d  
s c rub te s t  exce p t  t hat the c le ani ng p r o c e du re requi re d unde r tha t 
te s t  i s  c hange d so th at a c a rb on- t.e t rachlo ri de ri nse i s  no t re qu i re d « 
Howeve r, the o sci l l ator pla.te mu s t  be ri ns e d  i n  s ome 

b e s i d.e s etchi ng 

ng agent .. 

8 Q Wi l l  any o the r method of fi be 
s ati sfac tory?' Wi l l  the mi l l i ng me thod be s ati sfac t o ry? 

A The Signa.l Corp s  knov s o f  11 0  otha r me thod of fini sh­
i ng which p roduc e s  uni t s  as s tabl e  as doe s the e tching me thod e The 



JQ .. JV When will 

Crystal Spe cifications (Continued ) 

Signal Corps does  not believe the milling method is satis factory o How­
ever if it can be c onclusively prove n  to the Signal C orps that some 
other method produces oscillator plates as stable as does the etching 
method , such a method will be accept.able o 

2-Q Is standardization of crystal holder design and mater䳥 
ial is <contemplated ? If  8 0 ,  when will standardization become effec­
tive ? And what type of holder is contemplated ? 

A Sta.ndardization of crys tal holder design and materia.l is 
contemplated 0 The Signal Corps is corn.mltted to a program of housing all 
AT and BT cut oscillator plat.es In hermetically sealed holders o The 
first part of the program vg-ill be to all units so housed 0 S tand,= 
ardization will then be attempted 0 1s desired to have all produc = 
tion hermetically sealed by 1 January 1945 0 Standardizati,on should be 
effective 1 July 1945 0 

Te st Equipment be avai,lable ? 

j�, S eal testing will be available as £olIO\vs : 

1.mi ts housed in Crystal 
Holders FT =,241 9 eR"",1 Unit 9 will 'test 44
illlits at a. time ,; sta.rting about 1 August "  

b o  Corps type crystal for 
which the herme"tolc test 110 units at a 
time  ; priced at 1 August o  

Manual 9A , Gona<> 
tractSt or 

,/1: spe cifications men"", 
tioned in the manual 0 

 Are not test limIts too considering ,£ۮ
err ors in meters ;;. var:tat:1.ons variations in ambient tem­
perature 9 and iJL䷞e:rent defects :In 

A The that the type te st lim­
its set forth :tIl the for the CR=l and in ten.,., 
tative Signal C orps dated 6 March 1944 are not too 
stringent 0 Ha)we"l.,er the are too 5t.rlngent wit.h the excep .... 
tion that Par "  E=11 of tentati,ve Corps Spec 71""30/䳗6 s hall be 
made to read g If After th(-) test in F=15 tJ there shall be no 
resultant electri(�al or to the crystal unit o Mark.,.. 
ing shall be legihle but discc!lcr䳦䳧:t:ton or ru..."ming of the marking 1:5 
not to be consldered liS Irhe d=c resistance be .., 
tween the plns of the unit shall. than 100 megohms ,? when 
mea.sured as specified in Par 0 䳤rhiB cha.nges the present speci= 
fication by eliminating tr.le need fl:n:o determining change s of frequen= 
cy and activity of the and further states that dis coloration 
or running of t.he not CBXlse for rej ection of the unit o  
Furthermore be cause of cri ticalness of produc'tion and 
inabllity of several ma.nlrl'a(,turere -to meet the needs of the Armed 



Crystal Specifications (C ontinued ) 

Forces ,  the Signal C orps is forced to make certain waivers in some 
cas es 0 

lJiQ Why was 900C chosen for immersion test when units 
are only required to operate up to 700C 1 

! Becaus e units may e ncounter temperatures of 90°C 
under service conditions either while operating or while idle o 
Any permanent damage to the crystal as a result of such tempera­
tures may ruin it for further use ; however , failures shown up in 
the temperature run are only temporary o 

l1QQ If 900C is required should there be a requirement 
on permanence of nomenclature ?  

ۭ The nomenclature should b e  legible after the im­
mersion te st even though the coloring material used in the letter= 
ing has run or disappeared o 

۬ What is opinion of Laboratory on corr osion ? 

! Any corrosion is bad ; the laboratories feel that 
there should be an abs olute minimum of i t  in Signal Corps crystals o 

۫ How much corrosion is excessive ? 

A We of the Crystal Branch leave the de cision as to 
what is excessive corrosion up to specialists in that problem o 

۪ What steps can be taken to insure that uni ts will 
pass the corrosion te st? 

A The use of stainless ste e l  of 18% nickel silver 
pins and of s tainless steel or nickel plated brass screws , will 
go a long way toward permitting units to pass the corrosion test o 

۩ At least three units or 10% of units tested for 
activi ty in temperature cycle , should be permitted to allow pro­
duction to proceed 1) Will this be allowed '? 

A No , this cannot be allowed since under such a plan 
the Signal Corps might accept an appreciable number of units which 
even at the time of acceptance would not operate the radio equip= 
ment o However as pointed out above the Signal Corps may grant 
certain waivers under present contracts in order to keep produc­
tion up o 

12-Q What happens when a unit fails one of the Accept­
ance Tests ? Is it carried over to other tests ? Not considered in 
other tests ? Or replaced after a failure in one test? 

a Under the present American War Standard CR-I and 
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Sample Selection and RoutinŶ . 

Crystal Spe cifications ( C ontinued ) 

Tentative Signal Corps SpaC e 71-3046 all units are required to be 
subj e cted to all acceptance tests o However we now feel that this 
is not necessary but do fe el that the following me thod is the most 
lenient that can properly be applied . 

Test Each of the Acceptance Tests 
shall be performed on thirty crystal units , se lected by the inspe c­
tor from each lot of 1000 units or less submitted by the manufac­
turer , except that only 10 units shall be subj e cted to the Immer­
sion or alternate Immersion and Seal , Cleaning Test , and the In­
ternal Inspection Test o Different groups of 30 units may be used 
for the various tests , except that Drop , Vibration, Seal and Im­
mersion Tests shall be performed on the same group in the order 
listed 0 However if a unit fails the Drop Tes t ,  it will be replaced 
by a unit similarly se lected at random , for the Vibration Test . 

If it is agreed by manufacturers represented here that this is in 
fact a relaxation and will not be the cause for increases in price , 
a change to this method need not be negotiated by the Contracting 
Officer and the inspector will be instructed to apply such a pro­
cedure immediately o 

ŷ I s  a destructive test , such as Drop Test , advisa­
ble or necessary? 

A Destruc tive tes ts , in general , should be kept to 
a minimum although they cannot be complete ly eliminated e The 
Signal Corps does not consider that the e ight inch "drop" test is 
destructive 0 If it be a destructive test,  then the subj ect units 
are s o  fragile that they cannot be considered satisfactory for 
military use o  

Ÿ What can be done to clarify internal inspection 
test procedure ? 

ۨ The Signal C orps Inspectors will work out with 
manufacturers standard defe ct boards G Then the Signal Corps In­
spection Agency and the Signal C orps Laboratories will correlate 
these boards o 

ۧ When units of paragraph F -6b are re-tested and re ­
submitted to Inspector , doe s  the Inspector again perform all Ac­
ceptance Tests on all units ? And if s o ,  why? 

A Yes , the Inspe ctor again performs all acceptance 
tests on all units o This is necessary since the inspector does 
not know the hist ory of the units between the time he returned 
the units to the manufacturer and the time they are again submit­
ted to him o 

Ź Paragraph 9S-e (2)  , page 63 , of Inspe ction Manual 
9A is interpreted to mean that a receiver must be used in making 
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Crystal Specifi cations ( Continued) 

the tests outlined and that a c omparis on oscillator or a deviati on 
meter may not be used o I s  this interpre tation correct and if i t  is 
correct why can Ȍ  t a compari son oscillator or deviation meter be 
used ? 

! Paragraph 93-3 -2 states tha t signals from a crys ­
tal te st s e t  and from a comparis on os cillator be fed into a. 1"e­
ȍ:;8iver for determining frequency deviation e If the comparison os ­
clllatoI' rJ.8, s been accurately c orre lated to the s ta.ndard crystal
test set » the desired method will be s atisfactory since a. deviation 
meter' is no thing more or les s than a receiver with a special device 
c onne crted into the output f or measuring frequency e HOVfsv'e r equip "'" 
ment for che cking correlation c onsi sting of a receiver capable of 
be:lng tied with WWV multivibrator , a standard crystal te s t  set and
an audi o os cillator must be available for c he cking correlation o 

is to be che cked at the minimum passing point for activity and 
a:t the marl,mum allovlable frequency deviation o If the manufacturer 
will supply the ab ove equipment , and can demonstrate to the satis ­
factIon of the Signal Corps inspector that the above equipment is
in c orrelation , there is no obj e ction to using the devlation meter
:method 0 Once the c orre la.tion of the equipment has been demonstrat= 

however Ȏ it will s till be ne ce ssary for the Signal Corps in .... 
5pector to che (;k his z ero s tandard at lea st onc e a day before tes t  .... 
ing o 

I ۥ s  the binding of upper or lower contact s trips , 
or bothjl of sufficient seriousness to warrant rejections ? 

A If uru ta contain conta c t  s trips which are s o  large 
that they bind on both side s they s hould be rej ected o If the con""" 
tact strips are properly sized but are so displaced that they bind 

one side of the holder ,  this is a sign of poor workmanship 
a.nd should be corrected o 

and is 
thfn"e any definite pressure required? 

ȏrust how serious i s  an n off center If 

A The " off center" spring is not particularly s eri= 
OU.S> , but is a s ign of poor workm.ans hip and should be prevented o 
The force spE)cified in applicable specifications 13 
in 

ۤ What is the effect of gaskets being le s s  than 
.flush to side of holder , 58.y 1/32" 1 

A There is probably no serious effe ct. if the gasket
tUlit departs from flush with the side of the holder by

However $I if it does 50 this is one of poor wo:rk= 
mallShip and should bE'ô corrected 0 

ۣ Can definite limits be set f or permissible drift 
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Crystal Specificlµ,tlons ( C ontinued ) 

in activity and frequency of the crystal units ? 

A No limits of drift are stated under contract speci­
fications I) The unlt should at all times throughout the temperature 
run stay within the specified tolerance for frequency and activity o  

ȳ Are pencil marks o n  plated crystals harmful ? 

! Pencil marks may not be particularly serious , but if 
they are accidental they are a sign of poor workmanship , and should 
be prevented <} If they are placed on the plates as a normal manu­
facturing proces�3, jI the Lab should be advised of this and furnished 
with sample units for test o 

ۢ How obj ectionable are small chips , and small areas 
that have been chipped a.nd plated over, on plated crysta.ls ? 

A The degree of obj e ctionablene s s  of small chips and 
small areas that have been chipped and plated over is hard to de­

are examples of poor workmanship and should 
It is sugges ted that the proposed Standard 
set up include at the plants that are manu­

facturing plated crys tal units , examples of such units o These should 
include samples shov;ing good and bad un! ts with regard to chips 0 The 
inspector and manufacturer should get together on what they feel would 
be good plated unIts Later the SCIA and Laboratory can c orrelate 
such boards between the several manufacturers that are delivering such 
unit e 

the contractor is not at present polishing e lec ... 
trades , what procedure is Signal C orps Inspector to follow? 

A Polished electrodes are not required by spe cifica­
tion !f contra. ctor is not polishing electrode s ,  the 
Signal Corps need take no action o 

a blow should be used in tapping crys ­

the exception of the crystals housed in holder 
FT-241-A, no tap test is specified for crystals under current Signal 
Corps contracts o 

ۡ Could definite arrangements be made to have the 
Standard Os cillat.ors sent directly to the Signal Corps inspector at 
each crys tal plant ? 

! Test Sets AN/TSMȴl are currently being shipped to the 
Signal C orps Inspector at the Crystal Plants e At such time as the 
Laboratory has an additional number of good test sets of other types ,  
they will be handled in the same manner o The following me thod of 
handling the matter is proposed o 
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Crystal Specifications (Continued ) 

A reference standard crystal test set is one which is furnished 
to the Signal C orps Inspector in Charge at the plant of the manufac­
turer for use in correlating production test os cillators o 

One reference Standard Crystal Test Set of the type specified on 
Crystal Specification She et,  will be furnished in accordance with the 
applicable Crystal Specification Sheet o I t  is to be used only as a 
reference standard for correlating production test oscillators and e Ŝ  
quipments o  The crystal manufacturer shall make no change s ,  however 
small, including changing of tubes or recalibration of the Reference 
Stŝndard Crystal Test Set without consent of the contracting officer Ş 
or if the prime contractor supplies the Reference Standard Crys tal 
Tes t  Set , consent of the prime contrac tor is necessary o 

3Q...Q Is brownish discoloration due to rust stain on the 
interior of the tube shield or c ove r harmful to the plated crys tals ? 

A The brown dis coloratlon is rus t and is like ly to  
caus e failures if  particles of iron oxide should fall between the 
electrodee and the crystal plate o Therefore , units with this dis ­
coloration should not be accepted o Furthermore , this dis colora­
tion is an indication of poor workmanship or poor materials and as 
such should be prevented o 

.1!.."Q Will limits other than 2t to 6 pounds be accept­
able for spring force used in units , if it can be determined 
that the units meet electrical ? 

A The limits forces mentioned in specificaş 
tiona , must be complied it can be demonstrated that the 
units meet the electrical However , the Signal C orps 
will entertain a dis cussion of the spec ifi ed limits 
as the exact value chos en is arbltrary o This dis cussion 
must be limited to the and not the product of only one 
manufacturer or to only one contl"'�:H�t. 0 

۠ When are required ? Will ap­
proval given on a group of type $ as the BC=659Š hold 
for another type as the 

A Both the ,A:merlc�ln Standards for the CR-l and Spec 0 
71-)046 require that crys tal units in the grades and types called for 
in the contract ʮ be submitted to producti on o For crystals 
housed in the Holder FT=243 ǀ a type is interpre ted to mean a unit for 
operation in a particular radio set a is crystals for the BC=659 
and for the BC=620 are different A manufacturer who may be 
able to meet the requirements of one set may not neces sarily 
be able to meet the other o Therefors 9 under the spe cifications š prs= 
production samples of each of for each radio set 15 re ­
quired o 

3.l..Q Is the glyptol 'that. is used on the threads of the 
case assembly screws used as a locking agent Ţ or as a corrosion pro­
tec tion ? 



A Glyptol is used now primarily as a locking agent ; 
however , it does orfer corrosion protection and it would be wise 
when using it to completely cover the metal parts o However , failure 
to completely c over the metal parts should not be construed as non­
compliance with specitications o 

Ģģ Due to the fact that acceptance of FT-243 Crystal 
Units is to be made on the bas is of acceptance test listed in spe ci­
fication 71k3046 , is it necessary that each unit be inspected far 
activity and frequency at room temperature ? 

A The specification does not require that each unit 
be inspected for activity and frequency at room temperature o How­
ever the specification does imply that the government inspector will 
check ti the manufacturer w  s production test in order to assure him­
self' that the tests meet the requirements of the specification" o 
Subj ecting all units to room temperature for activity and frequency 
is one method whereby the inspector may assure himse lf that the units 
meet activity and frequency requirements o  

_ With reference to F -16 of referenced specifications ,
"Cleaning and Internal InapectionU , it is requested that the ques­
tion as to  what constitutes an acceptable finished surface of the 
quartz plate be clarified o 

A Originally the Signal Corps was afraid to accept 
crystal units in which the blanks were badly chipped , scratched and 
fraotured , for fear that such defects might have some effeot on the 
aging characteristics of the un1t ® However now that we have car­
ried on investigations on aging to the point where it is known that 
units whioh are etched to final frequency will not age materially , 
we are no longer governed by this fear o To determine compliance 
with the requirements contained in Par o C -9 in tentative SC Spec o 
No o 71-3046 and in the corresponding paragraph of the AWS f'or tile 
OR-l it is planned to set up Standard Defect Boards on whioh will 
be shown units which should be rej ected for chips , s cratches ,  frac­
tures and cracks o As pointed out above , however ,  the Signal Corps 
will now accept units which are muoh worse in this respect than were 
formerly accepted o 

۞ When will an up-to-date copy of Signal Corps Speo o 
71-3046 be issued which will contain all the latest  deviations ? 

A A new issue of Spec o NO e 71=3046 will be prepared 
which will include changes in methods and changes in specifioations 
agreed upon at this conferenc9 o The exact date of issue cannot be 
stated ; however those changes which are a relaxation of the present 
specification will be effected through changes in Inspection In­
structions as soon as this can be done " 

۟ Reference is made to Par o F-15a of Spec o 71-3046 
dated 6 March 19445) which substitu.tes a modified immersion test in 
lieu of the hermetie seal test when the manufacturer does not have 
the proper facilities 0 Is it intended that the manufacturer will 
have to perform this test as a production test on each crystal unit 
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does this pertain only to oscillator plates above 4 megs ? 

! Eventually it is planned to require that all oscil­
lator plates be etched . However the immedi ate requirement is di­
rected only to those plates above 4 megs . However , if one type of 
crys tal unit has frequencies extending from below 4 mc to substan­
tially above 4 mc etching is required . The DC -34 and DC-3 5 do not 
now have to be e tched . All FT -243 ' s  do have to be etched . 
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GROUP D ISCUSS ION OF DC-34 AND DC-3 5 CRYSTALS 

CAPTA IN E .  F .  MITCHELL .... CHA IRAIjAN 


THE CHA IRMAN: The meeting will come to orde r .  I think we are 
now, very definite ly , to the place where it is only a matter of ques­
tions from you folks , but I ' m happy to entertain suggestions from you . 

MIt .  ORMONT ( Keys tone ) : In the March spec ification , part of the 
type tes t  has provis ions for temperature run to be made by the S ignal 
Corps and inspected as part of the acce-ptance te s t .  In view of the 
fact that the correlations may be off and only one failure is permi tted , 
I would like to sugges t  that we have a tolerance allowed . In other 
words , on the crystal disk we may not catch it, or we may catch one 
or two that might dipo  

.. . .. Off the record di scuss ion .. .  & 

THE CHA IRMAN: Let me point out that we need  the thing we spec ify., 
If you can give it to us , fine . We do know this ; unles s  we have c on­
tinuous , re corded runs , dips will occur which may or may not be caught 
by the person checking those crystals . It may be rerun and caught on 
the next run . There is that pos s ibility .  You have not attempted to 
work under this specification? 

䳡m o ORMONT: We have run several runs through on this  specifica­
tion , probably half a dozeno 

THE CHA IRMAN: Do those half dozen runs represent s ix thous and 
units ? 

MIt 0 ORMONT : Oh no , no , no ŋ We s imply took , for instance , what 
we are currently running which are under the old spe c i fication and 
applied the March spec ification to them e 

THE CHA IRl'illA N: What did the older spec ific ations 

Am . ORMONT : We didn V t  have that included 0 

THE CHA IRMAN: So far , I don Ō  t think it is a ques tion for dis­
cus s ion.,  

MR .  ORMONTr We c an leave it either waYfI 

MR .  WALLACE ( Indiana ) : I agree that it is  a re al problem. 

tlli . LEUCK : We have a file on that. On the previous contrac t,  
our inspec tor was ins truc ted to make exac tly the s ame type of care ful 
j ob of running the temperature runc  He could pick one up very easily .  

THE CHA IRIVIAN: What eventually happened? 

MR. LEUCK: We got a clarification of the rules with an inquiry 
in this type tes t .  We didn ' t  get any answe r .  
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Group Discuss ion of DC-34 and DC-3 5 Crystals ( Continued) 

MR .  WALLACE : The way the temperature run is made , according to 
the new spec ification , at 2 degree interval , it is impos sible to have 
the inspec tor follow the same logical way that the original operator 
ran.  There may be a lag of a degree or an incre ase of a degree . As a 
result,  you might  jus t  dip out and you have to throw out all your 
crystals . 

IVlR .  HENDEHSON (Higgins ) : In the rerunning temperature we have 
found that j us t  about ten per cent will be found and will be caught 
in the dip .  

THE CHAIRfv"iAN: Are you talking about DC-34 and DC-3 5 or crystals 
in general? 

MR .  HENDERSON: I am talking abou.t DC-34 crystals . However , I 
have found the same thing in 243 " It shouldn ! t  be put beyond the 
additional one out of thirty be ing run @ 

TIm CHAIIDvͷN: But it would be , of cours e , taking the full ten 
per cent . Let me ask this ques tion͸  Is it  implic it , in  this discus ­
s ion, to lower the requirements? What can you do to evade this diffi­
culty we are faced with? It is a fac t that we have a test  here which 
is not reproduc ible ., There is no argument& We do have su.ch a tes t .  
The only way t o  avoid it i s  t o  spe c ify c ontinuous measurement o f  activit y o  
We don ' t want to ask it bec ause , obviously ͹ i t  is  impractical . You are 
suggesting we lower the limits on the re run Q That isn i t the way the 
spec ifications are writte n co  What have you done to raise your produc­
tion limits? 

MR .  ORMONT : Practically every one of our crystals which go in 
for a run have requirements of 11 0 We s tart not lower than 14 to 15 
or 16 . Our rej ec tion limit is about 12to If they go below lIt at 
any temperature , they are rej ected o However ,  I s till say I have s een 
it , and many times , that c rys tals will go to as low as . 06 and will 
not be c aught by the operator , and will be c aught later on the rerun e 

THE CHAIRMAN:' I apprec iate that" 

MR. ORMONT : Frankly I don ͺ t know what the answer is . I thought
I ' d bring it up and see  what could be done about itG  

䳟ffi . HENDERSON: It seems we are all , more or less ,  in the s ame 
boat. With what we are working with at the pre sent time , we are not 
confronted with temperature runs ., The older spec ifications "fa are 
now us ing are still antic ipating that, and what we are doing is at­
tempting to train our operators to watch for erratic operation which 
is a cause for rej e ction even though they don ii t  catch the activity 
reading before the rej ection point e One that is habitually erratic 
during the cycle of the wheel is a c ause for rej ection ,  and while we 
have eliminated it one hundred per cent , we have yet to go a long ways . 

TIå CHA IRMAN: Do you use as the rej ection point , the specified 
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Group D i scu.s s ion of DC-34 and DC-3 5 Crys tals (Continued ) 

minimum or a higher  po int? 

MR .  HENDERSON: A h igher poi. nt .. 

Off the record d is cus s ion 0 8 0 

MR .. HERBEHT HOLL ISTER (Holl i s ter ) : Even if we had a check every 
minute , we would not catch them o We find if we have an operator watch 
for the creeping of a me te r  , hands up or down che ck , every minute , we 
c an practically s top th is trouble ,. She then stops the whe el and ob­
s erves whe the r the crys tal is  c oming into or going out of the dip o 

fvlR . WALLACE : I think all of us who manufactured 34 9 8  and 3 5 Ŋ s  
would be rea.lly happy i f  we knew the dimens ions ; if i t  were worked 
out so we d idn ' t have e xtreme dips . That G s  a logical s olution. We 
don '  t want to manufac ture s ome thing to change the spe c ific ations , but 
in order to maintain production we don U t  know the answe r  as to why 
they don 4  t dip out dimens ions o Mos t of us haven C t  done enough work 
to know what the dimens ions should be or how dips oc cur Q If we knew 
more about i t ,  or could ge t information we v d  be glad to s tick without 
any que s tions o 

MR. .. V Q  BOTTOM : If we had the information we v d  be glad to give , 
it to you o Pre-dimens ioning is not a simple matter o We at the Labora­
tory and many of you me n know how to find dimens ions that will work o 
Y ou c an te ll a man , wri te it out on paper,  and give it to some manu.... 
fac ture r who goe s home and tries i t ,  and the next week he will call 
you up and s ay j  tt I can ŋ t make it gOQ u  Pre-dimensioning supposes you 
are going to do certain things ; you are go ing to hold certain tole r  .... 
ances  o S ome of you c an ' t  hold those tolerance s $  You make random c or­
rec tions and it is eas ier for you to do it that wa.y than to hold the 
necess ary toleranc es that you have to do in order to get. pre -dimens ioned 
crys tals out o Y ou jus t c an 䳠 t say ɛ  IHe re are the d imens ions . Take them 
and use them @ n 

MR (l  HOLLISTEH: I think when you introduce pre s sure and some 
variation of spring pre s sure , you again come in out of the rain and 
you are anxious to ge t  out of them Ō 

MR .  BOTTOM: I think we are all perfe ctly willing to admit there 
is more about pre -d imens ioning t.hat we don ʭ t know' than we do know o If 
we get any more informa.tion than we have at the pre sent" you will ge t 
it. I am sure you ca.n ' t  ge t it any place at the present time -- a se t 
of figure s to which you c an make c rys tals . There are other c auses of 
ac tivity dips than just plain dimensions . Bad electrode s will c aUse 
exces s ive re j e ctions in the temperature run o The springs may be too 
weak ; the c ry s tals not flat o Improper air gap spac ing and air res o­
nances play a part in this phenome na e D imens ions are only one fac tor 
in i t o  

MIL, RALPH HUKILL (Quartz Laboratory) : We have worke d out twenty­
four d imens ions out of a pos s ible forty-five J We will go ahe ad and work 



Group Di scussion of DC= 34 and DO-35 Orystal s ( Oontiuued) 

ou t the 0 thers I) and the people who have the same frequencies we have 
will do the work we have already clo ne o  I t  would save a lo t o t  work: it 
we could poo l  thi s informat1ono 

TBE CHAIBMAN & A :fine sugge stion, and I sugge st that you g1 ve U8 
the informat ion and also give the prime contrac t o r  the informationo 
He can operate wi th hi s people fas t er than we can o 

PAC IFIC RADIO ORYSTAL s Bach :fini sher has a heat ed holder that 
i s  cons tantly kept at 70 dŧrees 9 whi ch brings the crys tal to minus two 
o r  three Ie when given a heat checko !hen the operator begins a correc­
tion and by th e time ahe haa brought the crystal into treŨencY9 ane 
usually haa all the dip s  out of i t o  We have very tew reJec ti ons , prac­
tically none p in the type t es t o  

Mi a  ORMONT8 I t  has never been required heretoto re o  The tempera­
ture run was no t part o f  the type tes t o 

TD CHAIRMAN8 I t  has b e en known tor a goo d  whi le , hasn O t i t !  
If there 1 s  something you c an  do to beat th1 1 and you ar e  no t doing 
i t ũ  I think you are negligent o I t  1 s  pretty generally uaedo 

MIlo :B:> TTOMs Let 0 s di scuss what one can do 0 There are s everal 
t el t s  one can use fo r the crys tal to tind out it there i. likely to 
b e  any rejection to r inl tab1 1i tyo You can throw a great er capaci ty 
acro ss the crystal o You can S t  alvŪs tell whether a crya tal 1s go ing 
to be a s table crys t al or no t p  but you can throw out a lo t o f  them 
you know aren O t  go ing to b e o  Ano ther thing 9 i t  the operator has the 
type of holder to increase the pres sure on that c r,fa talp a lo t ot ۜ 
s table crys tal s ar e  going to show up immediate170 

Mio ORMONT& We do that o 

MIt 0 DO l'TOMs Increas ing the shunt capac! tane e  on any crys tal will 
decreas e i ts apparent ae tivl tyo Some stop o 8cillatlng at one value ot 
8hunt capac! tanoe and some at ano ther 0 The greater the "alue of the 
cri t i cal shunt capaci tance s the bet ter i8 the uni t o A c r,ys tal 1 8  leaa 
l ikely to have an ac t ivi ty dip and therefor e  more l ikely to go thru 
the temperature run i t  1 t wi l l  operat e into a high capac i tanee o 

Some cr,y8 tal plates are very sensi tive to pres snre o It the aet1v1 t7 
drop. badly or the fre qnency Shift s when pr essure i s  appli ed ,  i t  1 s  
po orly dimens ionedo 

!he third sugges tion o t  a quick tempe rature run i 8 a s imple meane 
of eliminating many po tential tai lure 8 0  

Jr these three tricks m aDy  o t  the "dude "  can be el iminated at the 
fini shing po si t iono There may be o ther tri cks &8 wello  

MRo HOLLISTlR s !here 1 s  one si mple rule o  Until the fini Sher 
real i z es thi l g  he will be ūgg11ng back and forth wi th the se humps but 
no t controlling them e Z grinding wi ll rai s e  the hump up in t emperature 
and X grindi ng wi ll lower i t o  Therefo re you do s top 80mewhere before 
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you get to fre quencY g and if a hump 1 s  as high ae 60 o r  70 degrees  v 
you can bring Mr 0 Hump down where he cause s the t rouble so you can 
move him ou't 0 

MHo DUGa s We tri ed the car t  befo re the ho rs e pro c edure o We 
to ok strong crys tal s and ins t ead of shippin g  them to the armed forces g 
di smantl ed and measured them and tri ed to dupli cat e them g and that way 
we :round lome dimensi on s  whi ch seem to s tand up over s e'veral different 
cas e 8 0  We el iminated s ome of these thre e s t eps of youre o  

MR o  LOUI S PAT,LA ( D o  Xo Crystal COQ ) g You can CU, t dow you.r 
rejec t1,onB from about 35 per c ent to 13 per c ent o Many people are
inclIn. ed to ov erlook the fac t that i t  i8 harder to do o but I beli  eve 
that i t  is the one thing whi c h  wi ll go 8 long ways to cut down t emperar 
turŽ box rejec t i on s o 

lG,o BOTTOM g Dimenli on X l) or rather f) parallel to I f)  1$  a cri, tieal 
o ne o I am aware of that because of fl exure vib rationo I don U  t mean
X d1mel'u!i ono I t  has to b e  kept qui te c lo s e o 

fJame play in d1:ps all the tlme o If a dip i s  due to the o scilla:to:f
pla.te "  i t  1 1  repro du.cibl eQ  

Ma o  B()TTOM g W e  have  l) at the lab . prepared a on which 
two OJr' thre@ p(S(jpl  e have b een complimentary enO'lJl,gjl to say that i t  di d 
them $l f.llm۰ good. on the me tho de o f  fi nding dlm ensl o ns o  have given 1 t 
to a lAuJ,nber of' pžo pl e who have asked for thi s informatlono thte 
MeOrMdul,.\'lli is of value to anyone , we can supply I am su, rel y䳝'tl can 
t ell anyctne how to do a thing in simpl e  phraeing o 

KRn We had considerabl e  
the $��e tB in the t emperature runs on no t  
o t:he!'䳞 o the e quipm ent might be 
to rqJtJn a rf1.:unbe:r' of c rys tal s through the tem:perature
and we fOUl'ld. that we do r epro duc e pre t ty fairly the 

we 
run9 ۯ over and over g 
same :r-esul t䳛  on 

the 6am ۭۮ if the readi ng I s  taken olo tlel,. I found the 
co rrelat ion one o f  the impor tan t f'ac toTJ13 v and ۬o 

a proc es s of tak ing a rejec tion9 i s  when a 
tal ha䳜 a t ſndency to look like i t  i s  right near the 
t(J el:brdnate the po ss ibl e error in the equ,ipment  fj we have 1;ri ed to 
t �H!  t the in the t e a t s tandard and check i t  to seeo
quite be found that there i s  a slight variation i n
which ean! ee troubleo 

�iE We have h ere a t e s t  which i s  no t 
By hl1a t I do no t mean that these t emperature dips are 
but simply when ;you t est at degree in t ervals you do no t 'the

' 

Jm. () IZJCK s  Tho s e  dips that we have no tioed, are 
and are of very short duratio n Ĕĕ a matter of ten o r  
I aJ11 speaking of the 00=34 t emperatu.re dips if you are 

n,o t bad. 
fifteen ƀeconds o 

a half' 
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Group Di scuss ion of DC-34 and DC-3 5 Crys tals ( Continued ) 

hour run . In a th irty minute run , it would be a fraction of a de gree , 
poss ibly a half or a quarter of a degree . It is very poss ible to have 
the c rystal perform perfectly ninety-nine per cent of the time , and 
dependably , but you will have that dip there one or one-half per cent 
of the time . They might be nine ty-nine per cent good or ninety-nine 
and one -half per cent good . 

MR .  ORMONT : Might I sugge s t  this? I th ink the point is impor­
tant , but I also think all of us should gather s ome data on it. I 
think that we should take the re sults of at leas t half a dozen type 
tests . In other words , s ix thousand c rys tals are not the number of 
failure s in this parti cular case o If  it becomes alarming , perhaps 
then we c an take s ome s teps to modify or correc t , if poss ible . I 
mean , there is no spe c ific data ava ilable now ,  but we do know or , 
that is , we think it is a po int which will come up o 

THE CHAIRMAN: How near are we to operating under th is spe c ifica­
tion? I don ' t  know. Will the whole thing evolve upon us at once? Or 
will it be gradual? 

orf the record discuss ion • • •  

THE CHAIRN;N: I think the sugges tion on the firs t few experi­
ments with them is very good , but we may be able to get s ome dope out 
of it which will e nable us to make an engineering solution . 

MR .  ANDERSON: We are within a few days of go ing under that spe c . 
If it is the opinion of some of the fellows that you can take a group 
of crys tals made up under the old spe c , you c an gradually eliminate at 
least fifty per cent of the lot be cause of activity variation. 

MR .  APPLEBAUM ( John Mech .. Ind .. ) : We age c rys tals the old-fash­
ioned way to e ight cycle s  to accomplish that s ame result . It does n ' t  
help cons iderably . The dips s till do o'c cur .. I t  appears that the age 
of dips on DC-34,  under the present high minimum activity limits are 
far greater than on any other class of c rys tal . 

THE CHAIRMAN: This morn ing when I was talking about crys tals 
with critical activity requirement , I was talking s pe c ifically about 
the DC-34. That ' s  why I can hardly ask you to make this production 
fifty per cent higher than the specification. That ' s  why I am ex­
tremely hes itant about lowering the l imits in any respect ,  when ac ­
tually I need that ac tivity .,  W e  kne w the crys tal was going t o  be 
hard to make . Therefore , we are go ing into the program gradually . 
I sugges t  that we s e e  what happens when your plant is re ady to go . 

䳚m . MOSSHART (Elec . Products Ca e ) :  We wrote up a rather ex­
tens ive procedure of operation o How closely are we holding to that 
procedure? 

THE CHA IRMAN: The manufac turing procedure? 
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Group D is cuss ion of DC-34 and DC"'3  5 Crys tals ( Continue d) 

䳘Ut o MOSSHART : The wri tten one o 

THE CHA IHMAN: Y ou are not bound by that ,9 bu t we would l ike to 
be advised whe n  you change i t ,  partly be c ause we think s ome times we 
can avoid pitfall s for you and partly be caus e of the proce s s  of learn­
ing for US o 

MIL APPLEBAUM : In the h ighe r  freque ncy of 34 ʬ 'would the re be 
any o bj e c tion on the part of the S ignal Corps to use the BT cut in­
s tead of the AT cut , and too  ;u CQuld vue reduce the e tch ing time , or 
the dis tance , be c aus e it does alter the surfac e? It reduces the 
surfac e to a rougher sur face wh ich , in reduce s  the activit y o  

THE CHA IHMAN: W e  have not asked the e tch ing be re quired , 
but you can ge t your production roll ing th is bas is without worry­
ing about the etching ., I ha:ve done that purpos ely be cause the aging 
of thes e  uni ts i s  no t as critical as the aging o f  higher fre quency 
uni ts . You know we will Vlant it in the end and will go into i t  of 
your own vol i tion in a way bes t  cal culated to f i t  into your produc tion 
schedule ., The DC  -34 as as frequency 

fi nish crys tals if you ha.ve 
out to d o  wrH:m 'lIVe do 

cons idered 
hav e 

w:l. th the 
part i cularly 

:re quired to 
AT cuts 0

the 3900 

you to go into the new 

about 

dis cus s ion 0 0  

should immed ie. tely 

under 

i sn ䷆  t units " Th at 
isn ' t  pertinent o You Can them . In the 
me antime , I sugge s t  you f ind ask for e tching ., 

r䳙m . APPLEBAUM : We e tch them a 
minimum of five KC , and we Vie h ave made 
s ome expe r imental runs and 4000 KG 
channe ls wh ich are 

THE CHA IHrvI1» N: Are spe cific ation or 
not? 

MIL APPLEBAUM :; I am the old 
spec ificatiol1s o 

on 

Ofr the record 

THE eRA IRIVlAN ::  You th is condition o 

MR .. ORMONT : I as sume that when we s ta.rt on the :ne w contrac t 
there will be a ne w pilot run? 

THE CHAIHIVIAN : Yes B 

l\1JL ORMONT : I wante d During the las t 
pilot run the ve ry small to t he fore
and was slightly c larifie d  wanted to bring 
i t  up again now s o  we will 

THE CHA IRIVlAN: Y ou c an e xpe c t  the same thing you had the las t 
t ime .. Again , a sharD bevel is hard to define ., If it i s  
a knife beve l it is a we ak uni t .,  
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Group D iscus s ion of DC-3L .. and DC..,3 5 Crys tals ( Continued  ) 

QUEST ION : What happens to a beve led crys teJ. whe n  it i s  e tched? 

IV1H. BOTTOM : The s ame th ing that happens to any other c rys tal o 
The bevel does not appe ar to make a difference ., The quality of the 
surface is impor tant not the ge ome try of the s urface  " 

MR "  OHMONT : We have done a little bit of e xperiment ing as far 
as etching is concerned " We have n W t  be en able to e liminate scratche s 
and we wonder if the r e are any sugge stions along tho se lines o 

MR .. BOTTOM: Scratches are nine ty=nine pe r- cent a problem of 
your hous eke ep ing o There are of manu fac ture rs who do not have 
s cratche s at all " There aTe making c rys tal s without scratches  " 

MR .  ORMONT : We have is olated spe cial c rys tals , cleaned them 
and s till do ge t  scratches o The po int is 䳲 I don , t  know how the Signal 
Corps inspe ctor is go ing to interpr e t  the sc ratch clause  0 \,Ye will 
eventually go into e tching o 

THE CHA IHlVlAN: Whe n you do go lnto e tch i.ng :1 the interpre tation 
of the scratch clause will be le s s  rigorous than it has been in the 
pas t . We interpreted very rigorouslYj  because we fe lt that the re 
was a connecti.on be tween those scratches and ag ing " We now feel  that 
if you are performing the etch ing we require , the crystals will be ƾ 
for prac tical purpos e s  , aging free <lJ Rej E' ctions of lots of the 
crystals , based on tho se sc ratches , will be exceptions ;. and if you 
are showing a true e ffort to do housekeep ing you ne ed not worryo 

MR .  HANDWERG (Galvin Corp Q  ) :  W e  pas s ed over this 
one point now, that is the the temperature run and type 
te st.  It is che cked for ac tivity the for acceptance " 
We know the problem of short dips o Is It your thought , though j that 
we will grow into this thing gradua.lly o n  the ne w spec ifi c ation and 
be grante d a pre l iminary waiver on s ix? Th ere is only 
one re j e ction that the spe c  call s for as the spec now stands o 

THE CHA IRMAN: I was sugge s tin.g that you not be granted any 
waivers on information developed the firs t two or three runs 0 

MIL HANDV¥ERG: In other words :; the spe c  s tands 'l 

THE CHA InMAN: Y e s  Q I th tnk we got the me at out of that dis = 
cuss ion o I don f t know what the ans we r is going to be T but I hope 
we can ge t s ome de finite indication out of the firs t  pilot runs 
be fore the rest of you are ready o 

MR e> ORMONT : I unde rs tand they are holding up the r egis tering 
of proper nomenc laturE:-) on this pre S fƿnt c ontrac t. c  As much as we are 
ready for a pilot run 1 we haven U t  be en able t.o order Cases be cause 
of that o I wonder if you know how s oon it 'lld.ll be ? 

THE CHA IRMAN: I was not aware of' such a pro blem a 
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Group Discus s ion of DC-34 and D C -3 5 Crys tals ( Continued ) 

MR .  ORMONT . W ith the code numbers coming off , the manufacturers ' 
name will be going on . Nobody has de c ided the s ize o f  the manufacturer ' s  
name to be printed on the cas e  , so we are all waiting " 

MH .  HA NS SAUER ( The H allic rafter Co o ) :  I sugges t  a DA smaller 
c arr ier .. 

THE CHA IRMAN: If i t  j ibes 'with the old FT-243 , it pre sumably will 
be the larger . My gues s is that it is ac ceptable . 

Nffi . HASLEY (W enkstern H as ley) : I have tried several times to ge t 
holde rs for s ample s with code letters on , and the n was told that the 
code le tters wouldn ' t  be acceptable ; that we have to have our name on . 
So , I have gotten McKinzie & Y:right S tamping Company to make up a die 
with our name , uVlenks te rn and Hasley Company 1 1  , o n  it .. I told him he 
didn ' t need to s pell out "Company" and he got i t  all an one line be twe en 
th e screw hole s . It looks pre tty nice . 

MH o ORMON'l' : The main po int , howeve r ,  is that s till our company , 
as well as s eve ral others , a.re ready . 

THE CHA IRfvlAN: How abou t pre -production s ample s ?  D on ' t  hold them. 

䳓ffi . HENRY (He nry Manufac tur ing CO Q ) :  How about holde rs that al­
ready have the code name on them? 

CAPTA IN E o  A .  BELL (S ignal Corps ) :  Those holders you have , go 
ahe ad and use them 0 

Off the record dis cus s ion 0 0 0  

MH .  APPLEBAUM: Does the pr ime contrac tor i s  name or the subcon­
tractor 1 s  name appear? 

THE CHA IRMA N: The manufac turer f s name . 

NlR .  OIUvl0NT : V�llen do we e xpec t  to ge t the pilot run? 

1ffi . SAUER : Pre - produc tion s amples are go ing to be worked on 
th is we ek at Hall icrafter c Afte r  that time , you c an notify us and 
we will s tate whe n  the pilot runs are go ing to be in o As s oon as 
we have ava ilable pers onne l ,  we will s tar t "  

THE C!ņ IRMA N: W e  are awfully anxious to find out how the firs t 
pilot runs go o 

䳔ffi . W .  SClffiPPELE : A s soon as you get approval on the pre-pro­
duc tion s ample s ,  without waiting for the pilo t run , automatic ally we 
will be gin to acc e pt c ry s tals . When the pilot run is s tarted we will 
acce pt crys tals up to midnight of the day the p ilot run is de c lared . 
Fran the n on , they are not ac cep ted without approval from the e ngineer . 
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Group D is cuss ion of DC-34 and DC"'3 5 C rys tals ( Continued ) 

TIIE CHA IRMAN: May I po int out one thing in connec tion with what 
just has been asked as to pilot runs and produc tion? Vve nee d  c rys tals 
and we can make this arrangement () If' you take advantage of that , and
1 1 m not sugge s ting that be cause maybe you wouldn U t  like it o I ' m only 
suggesting that you take advantage of it in tha t  waY e Otherwise , if 
you take advantage by s tarting your produc tion before you ge t pre-pro­
duc tion approval S! on the theory we are going to have to take the 
crys tals , we are bo th go ing to ge t into trouble e Le t ' s  ge t pre -produc­
tion s ample s in and see if you are do ing the j ob n  We have had th is 
happen 0 Even be fore pre -produc t ion sample s were a.pproved ˃  we have 
known people who have buil t up a tremendous volu.m.e of units 0 It i s  
heart-bre aking to e i ther or both of u s  sometimes o 

MR .  ORMONT : We c an f t  ac tually make c rystal s  anyway until we find 
out the s tory o  

THE CHA IHrIi!AN : Are there any o the r  problems ? 

orr the record discus s ion O G O  

MR 0\ ANDEHSON :: We c an ,  aftf.:\r the pre=production sample s are 
approved , make crys talEt and submi t them to the S ignal C orps for in­
s pe c ti on and ship them to the prime c ontractor in ant ic ipation of the 
pilot run at some later date ? 

MH . S CHEPPELE :  That ti s  right o At the time you re ce ive approval 
of the pre-produc tion s ample s at the s ame time , re ce ive a 

te legram giving the da te of run " If the date of the pilot 

run i s  in the fu ture , you and make the c rystals and we 
will ac cept them until that day the pi.lot run s tarts ­

rv111 . ORMONT t In te s ting some of the units in th is new imme rs ion 
test up to ninety degree s ,  we ran into the problem of these s ta.inle s s  
s teel s crews , or rathe r nuts , corroding " We took the problem up with 
S auer and he gave his inte rpretation on the fac t that whe re the corro ... 

s ian c an be wiped off wi.th a. r ag , where] it is loo se corrOS ion !» they
would be acceptable . Now i I thought i t  might be a point to br i.ng up here . 

MIL HENRY: There aTe diffe rent type s of s tainle s s  steele Is 
th ere any spec ific type re qu ired? 

MR . ORMONT : Y e s  , 18=8 is re qu ired in th e s pec ifi c ationo 

THE CHA IRMAN: If i t  is really s tainles s  s teel , we are go ing to 
have to work out the answe r Q  

䳒m . ORMONT : I took i t  up with several peo ple " It is really 

s tainle ss s teelo  It s eems as though it is kind of uncommon" 

THE CHA Iru˄N: We will s ay it is okay 0 

rJIR " WALLACE : In your prev ious talk 1.n the other room ,  you 
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Group D is cus s ion o f  DC-34 and DC-3 5 Crys tals ( Conti nued )  

warned us that we weren 9 t  t o  use ,  i f  pos s ible , any more holders with 
brass contac t plate s o I happe n  to have 15 9 400 holders with bras s con­
tac t  plate s , and wonde r whe the r we should junk tho se holders or use 
them up in the next two months ", 

VO I CE :  Se ll them to H i tler ¦ ( Laughter )  

MR .  IlPtNDVJERG : I ' d like t o  add tha t  the D C  program moved a lot 
s lower than we expe c te d .. Our suppl i ers have a subs tantial quant ity 
of holde rs manufac t'ured months ago which have brass contact plates o 
Now , where they are buy ing current produc tion holders $! you a.re supplied 
with phosphor ... bronze  § What are we going to do about that? 

M11. .. BOTTOM: Is it fe as ible to change them? 

THE CHA IRIVIAN: G entlemen , the technical answer i s  clear-cu t "  
I f  you c an ge t re placements you should ge t them 0 The ac tual mone tary 
answer is not so c learo I sugge st that you ge t all the fac ts you can 
as to how many you have  , i f  you c an ge t repl  aceme nts in time , and I 
think you probably can ¨ Address the problem to the contrac ting o ffic e r .  
Ge t complete info rmatio n on th is and addre ss a letter t o  the contracting 
officer s tating )) nV!e have th i s  many holders be ing changed  J) bu t the r e  
will b e  a n  incre ase of s o  rnuch o "  

MR 0 HANDV䳏EHG : We talked this over  ., \1\'9 only c onf ined the re com­
mende tion to 2L䳎3 holders  " 

THE CHA ffiMAN: y.;rhen wa,s that? 

MR "  HANDWEHG 䳐 We wired a letter to our suppliers on 243 about 
two week s ago ., A s  ye t ,  we have noth ing 䳰 lpec ifically c le ar " We will 
clear the th ing and have the information in your hands be fore the 
end of the week  s 

THE CHA l"RMAN :  C an we depend on you , Hans 51 for it? 

THE CHA IRMAN: About the po s s ibil.ity which is always pre s ent , 
you may have to use some or all of the holders ", Maybe you can ' t  ge t 
replaceme nts 0 Although I s aid that baking was not the ansl',rer , i t  is 
a partial answer o 

MR "  BOTTOM: We know , perfec tly we ll , baking out doe s partially 
alleviate th is problem " I am no t sure I know the be s t  way to bake 
them . The holde r manufac turer will know be tter how to ge t this 
material aut o  It is the ammonia that doe s  the d ir ty work . Y ou c a.n 
ba.ke it out at 160 degree s Centigrade Ų You hav e to do i t  in a pre tty 
well ventilated oven or fur nace or the c onta.c t plates will ge t black 
while do ing i t o  I f  w e  have to u s e  these things in th e tropics , we 
ought to do all we poss  ibly can to make it as ne arly failure -proof 
as pos sible > Baking is the le as t we can do to recure the se holders o 
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Group D i s cus s ion of DC-34 and DC=3 5 Crys tals ( Continued )  

I have baked them a n  hour and i t  reduces the defec t at leas t fifty 
per cent o 

MR .  ORMONT : We c an get spec ifications from the holder manu­
facturers for that . 

MIt .  BOT'I'OM: Tha t t s the place " 

MR. ? (Howard Mfg .  ) :  I think this is the fir s t  thing that came 
up on brass contact plate s  .. In our plant we are us ing phosphor-bronze 
on all 34« s .  As far as baking , we found in quite extens ive tests , that 
baking does make a great deal of difference as far as the gas is c on­
cerned , and we run over them in schedules from an hour on up , and we 
find that it take s about a twenty-four hour cure in baking in order to 
get the j ob done at 2 50 degre e s Fahrenheit in e le c tric ovens , close ly 
c ontrolled .  It i s  s lightly under blis tering po int o A s  far a s  our 
tes ts have gone , there is no more ammonia gas le ft in the holders whe n  
they are done 0 If it i s  a gas oven it won u t work o The e lectr ic, ove n 
will . Vie have also found in s ome of the ovens we have used that during 
the first length of time in baking there wa.s some corrosion shown on 
phosphor-bronze plate . 

N䳍 . BOTTOM: It is re ally discolorationo That ' s  not serious o 
The se bras s plate s  will break from corros ion o They may be bright and 
shiny and s till broken in two o 

l\ffi o HOWARD : As far as the are concerned , they will be 
nicke l-s ilve r e  

MR .  BOTTOM: Do yoU' think it f"O'llld be s afe for the manufacturer 
to bake them twenty-four hours 2 50 degrees in an elec tric ove n that 
is ventilated? 

MR o  HOWARD : Yes , that would probably answer ito It is a que s ­
tion of having to be te s ted o p1urther ,  when we carry the te s t  on in 
re spect to hydrotropic tes ts , we find a great improvement there als o . 

THE CHAIRƁƂN: Just in c ase I haven U t  emphas ized this , I want to 
do this . Th i s  one s ingle thing sca.red me more , in our findings , than 
anything e ls e .  The s e  other failure s are relative " This is the gradual 
degradation of performanc9 o Th is thing that we are talking about is 
that the unit is suddenly no good at all o They have used the s e  units 
in place s  where the re is a warm cl imate and conditions are aggravating o 
I am go ing to ask you to do what you C an to help us control it o The 
firs t thing to do , if you c an ,  is to avo id the use of brass contac t 
plate s  . Do s o  by ge tting the data we discus sed and pres e nting i t  to 
the c ontrac ting office r .  A letter has alre ady gone out.. The s e c ond 
thing is this Q If you ge t c aught with units which have bras s c ontact 
plate s and which you have to use j bake them o I don ƃ t  know what i t  
will mean to you , but I th ink you have enough ingenuity to d o  that for 
u s  c> 

"" 87 ..., 



Group D i scus s ion of DC-34 and DC -3 5 Crys tals ( Continue d) 

MR .  HAND�ERG : Do you want to specify any particular baking pro­
c edure ? Vlhat are you go ing to recommend? Do you want the c rys tal manu­
facture rs to bake the holders they now have in s tock? 

THE CHA IhMliN: If it is determined they are going to have to use 

MIL HAND¥/ERG : Make a re commendation s o  we can follow i t .  

THE CHA IRMAN: Bake it 2 50 deg:ree Ũ:; F1ahrenheit for twe nty-four hours . 

MR .  BOTTOM : The se units are subj ected to d e gre es Centigrade for 
a period of 10 days lll During that time half of the group o f  twenty of them 
we re de ad . 

THE CHA IRlVlA.N: If you can arrange for new holders , or holders 
with s ome o ther c ontact plate s , that ĕ s  what we wanto Th i s  is to be 
u s ed as a las t res ort in case you have to use the holders with bras s 
plate s .  

MR .  HOLLISTER : D o  I unders tand that the holders purchased from
this date forward will be baked by the manufa.c turer? 

THE CHAIHMAN䳼 I believe Howard ũ s  are G) 

MR .  HOWARD : Y e s  .. They .are ba.ked 0  From now on ? they will not 
have bras s 0 They will be all phosphoT- bron��e ,and nickel p ins 0 

MH o  HANDWERG: I have indic ation 
that s ome h olders went out vdth bras s plates 0 

IVIR .  HOWARD r. I don V t  believe we a problem at the moment o I 
do kno w  there has been an order in t.hat s ti.pulated bras s plates ., 

MH .  HANDWERG : If we sent holde rs back to you for baking , do you 
have the fac i1 i tie s for a mas s job'? 

MR .. HOVJARD :: No , we don g t o We mig'ht be able to arrange for it , 
howeve r o  

VOICE : Vie f ind i n  a 90 de gre e immers ion tes t !'  the holders be ­
c ome highly discolored () A lso the nomencls:tures , or rathe r the ink in 
the depres s  ion s eems to c ome o ff render ing it illegible and it looks 
like very poor workmanship o What should be done abou t that? 

THE CHA IRMAN: The running of the markings should not be con­
s idered as a fallure o Special ins tructions will go out as to that 
effect o !i'or our s pec ification we are go ing to require that the mark­
ing be legible afte r  the tes t ..  This  can be achieved i f  you are us ing 
the engraving proce s s  , which all of you are 3 Is tha.t correct? 

VO ICE : It ' s  hot s tamping wlth white 



Group D is cu s s ion of D C -34 and D C =3 5 ( Continued ) 

THE CIIA IHlVlANt If all the ink is you c an s till read the 
th ing? 

VO ICE :  Afe r  a fashion " 

THE CHA IfU'vlAN: I s  it capable of readų 

Iv'lIL . ANDEHSON:: If we are run them together , i t  is 
so hard to read in the case of 

THE CHA IHMAN : I don f t know vllho C8,res wha t  happens to the ink or 
the wri ting e 

MIt 0 ORMONT : Wha t  about the of the holder? 

'rHE CHA IRI\llAN: We ƽ 11 anticipate that o 

ME. .  J IM KAY ( Indu s trial Eng:ineering; : In our holder we bake it 
be fore , and we have found that twenty"䳌fou:r. hours isn v t ne c e s s ary . In 
our different te s ts , it s eems after 120 degre es Centigrade for 
four hours we can '  t te ll any dl.fference:j the var ious te s ts from four 
hours on e I thought you spec ified hours in your spe c ifica­
tion " 

THE CHA IRMAN: Ac tually I wrttte n any s pe c ification. If 
you want to appeal to the contrac ting you c an "  

MR 0 KAY : \iVe use 120 

THE CHA rRlViAN: I e xpe c t  the you used is pertinent in how 
much baking is ne ede d .  Wha t  is needed for one holder is not adequate 
for another holder ., Do you any with brass contac t plate s ?  

MR. "  KAY : No , s tainle ss steel " We :have a.lways had s tainle s s  
s te e l o  

THE CHAIRMAN2 Maybe you need more baking " 

䳋m o KAY : I thought you were to spec ify twenty-four hours , 
and we c an te ll no d iffe rence afte r four hours o 

THE CHAIRMAN : The matter do€'䳯sn ʫ pertain to your holders ., I 
th ink if the twenty-four hour bas is would be used it would be de s ir­
able " I am s c ared to death I am be ing overly conservative about s ome­
th ing to c ause the c rys tal uni t  to fail at the moment the c ompany 
c ommander is talk ing back to a or regiment. 

MR .. APPLEBAUM:' Why not sugge s t  a tes t  that they might run to 
determine whe ther or not the holders are de fective o 

THE CHA IRMAN: 1fJe are going to not to use them . 



Group Discu s s ion o f  DC-34 and DC-3 5 Crys tals ( Continued ) 

䳉䳊 o ORMONT : Everybody s e ems scared of holder manufacturers 
for s ome re ason or another o 

o • •  Off the rec o rd discus s ion 

THE CHA IH.lVIANŲ' We are talking about units in your plant with 
bras s contac t plates . The only thing we are spe c ifying for future 
production is that the contac t pla te s be made of phosphor-bronze , 
s tainle s s  s te e l  or coppe r .  We h aven W t  s pe c ified a bake and i t  hasn ' t  
be en sugge s ted here that we do o If you are do ing i t ,  I sugges t  you 
d on ' t  d i s continue it e We will try to arrange for othe r pe ople to do 
it als o o  The th ing vre are talking about is the se holders which you 
have in your s tock , and which you may have to use to ke ep up your 
production . If you have brass contac t plate s , the ans we r  is bake 
them for twe nty-four hours at 120 degrees Ce ntigrade . Y ou are s till 
no t complying with the spe c ification we want wh ich is that they will 
not have bras s  contac t plates o But this is some thing you c an do to 
help us take c are of a s e rious s i tuation " Is that a c omplete ans wer 
to thi s  problem? Maybe you will ge t ne w holders 0 

VOICE :  We will probably put i n  new plates o 

THE CHll IRMAN: I hope you can o  

!VfR 0 HAND'WERG : Is it your thought t.o review the spe c ification 
in de tail? 

THE CHAIRWų N :  I j u s t  thought maybe some of the que s tions would 
come up o There are points in there wh i ch sho\\red you how we plan to 
take Care of them o Frankly , I doubt if it is nece s s ary o 

NŴ Q HANDV�RG : Le t Y s  s e e  i f  a lot of the se men have seen the 
March 6th Spe c ification or not o  I gue s s  prac tic ally all of them have . 

THE CHA IRMAN : Le t t s  not s tar t revie wing thi s  the n  if they have 
seen it.  

MR o  ORMONT : Has the laboratory avai lable a chart indicating the 
thickne s s  to c ome off low fre quency crys tals -- e tched offŵl Is that 
available ? 

THE CHA IRWŶNŷ I will permit you to take one she et out of th is 
spec ification to look at " 

MR .. BOTTOM : We are fairly sure , today $' that we know the bas ic 
fac ts about th is aging , and thi s  chart shows the amount of material 
that must be removed from a c rys tal in terms of freque ncy change fol­
lowing the lapping procedure s in c ommon us e today , to ge t crys tals 
subs tantially or c omplete ly fre e  of a.ging ., The chart shows the re­
qu ired amount of change of frequency in the verti c al s ide and the 
nominal fre quency of the crys tal along he re for bo th AT and BT c rys tals .. 
Every s ingle c rys tal ought to be e tched by this o 
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Group Discus s ion of DC-34 and DC..,3 5 Crys tals ( Continue d) 

lIilR o  HENDERSON: How much quartz is to be removed? 

MR "  BOTTOM : It is difficult to s ay what i s  to be removed" It 
amounts to a removal o f  half a micron from an ide ally plane surfac e .  

rrHE CFJ䳈 IRMA N:, May I empha.s ize this?  Please don t t come to us 
wi th the story your crys tals don V t  ne ed to be e tched this  much " Maybe 
they don t t , but what does it cost you? ?ma t  is the difference be twe en 
e tching 15 and 25 KC? Vile know if you are goi.ng to e tch them 25  KC , 
they will be okay o S ince it  i sn U t  a difficult thing once they get into 
the e tched bath to remove that specified amount Jl let ʞ s  do it o 

MR "  BOTTOM : This :i.5 the minimum that we c an tolerate . 

MR "  APPLEBAUM : Irhere is  a later spec ifica tion from the Signal 
C orps , dated later than the March 6th spe c ification , which might ul"" 
timately be succe eded by this , in re ference to the old s tyle alternate 
te s t  of twe nty""four inche s of mercury o There is a S ignal Corps speci­
fication pertaining to DC-3 4  and 35 dated late r than the March 6th 
specificationo 

THE CHAIHNiAN: What is the contrac tor being asked to bid on? 

MR .,  SAUEE: The March 6th o  

THE CHA IRMAN: I don '  t care hlOw many spec if:tcations are out ; 
those are the one s ll!1l�Џ are talk1ng about o 

lVtit 0 A PPLEBAUM: We are de finitely speaking about the new spe c i­
fication 71=3 046 " 

VOICE ::  Do the ne w spe cifications require lock washers? 

THE CHA IHf,il1kN䳇 �rhey do o Does the above apply to pre -production 
s amples? 

MR .. HAWDWERG : Make the sample s up without if it is going to 
delay , then corre c t  the condition o 

THE CHA IRIVlAN: Do your subcontractors have a copy of the spec i­
fications ?  

MR 0 HAND\IlJEHG :; Yes 0 

THE CHA IRtllJIAN:  A lot of the s e questions here you are asking me » 
you could have s ettled in your own mind before you came he re if you 
had read that spe c ification o I am saying this ʟ gentlemen , there are 
so many points you asked which need never have be en asked " I commend 
to you the reading of that specific ation 1ik.e a Bi.ble be cause it is 
your Bible and our ins pec tors ij Bible o It is your B ible and you c an 
answer so  many que s tions by it so that you c an s ave our time 
at these mee tings o 
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Group D is cus s ion of D C-34 and 5 

IVIH .. LEUCK 1  You referred to the t,e s t "  I think you mis -
interpreted me " We antic ipate drop test trou bl(oH3 9 and on this last 
c ontract drop te s ts we re include d and w.:;; We T۫:l to solve the 
difficul ty , and we found we should inere8se thfj te ns ion of the spring 
and eventually put on ten pound px'es 811re " l�fter we had done 
that, we found we could feet of inches 
and not bre ak them  C) 

THE CHAIRNlANr Now YCHl are e quipmento 
There is a poten"tial broken holder pressure c 
V�hen we selected two ʪ 'lie thought 
we we r e  safe on bo th end s " m:tnlmum is 
pre tty low.. Vie we we re m:rrrent production" 
If you are us ing s tronger springs , 
there is no obj ec  tion of bulging the 
holder " I don 䳃  t know to that as to 
whe ther or not the holder di.ffere nt 
holde rs wi ll be d ifferent that lik.e to have 
samples 0 I th ink 䳆 probably , ten than s ix :;  
providing it does n fi t, the th.is ODe charac ­
teris tic is concerned , ge t us one batch 

MR Q SAtJEH : The same a,newe r  {�a.me u,p on dis torti.on of the holder 0 

THE CHA IEMANl' 

MR .) SAUEH. : It doesn (I t. because the crys tals will 
take qu ite a bit of abus!:: <) 

'fHE eRA IHMAN: I 䳂 d units and 
s ee wha t  they look l ike " manu-
facture r shovlEi t,he.t. it ! I  s the s ame holder 
used by the other 

MIL. HOLLISTElh What e ffe c t. d1d it on the: by us ing 
increased spring pre ssure ? 

MR o  LEUCKr. A s  far a s  WfJ CEl.:n tell Yl'lhl3:re \J s are concerned we 
c an tell a lot e  It didn t l;'lfi'ect 18 1  thE:'!" one of the fr s or DC-35 t S Q 

THE CHA IRIVIAN: Is there 

WYNN PRECIS ION COMPANY : In the here ,䳄 it has on 
produc tion tes t. m  " s  ealed or tE;s t䳕䳖 As :i. t �5tands now , we are{fl 

suppo sed to give an immers ion seal test h.undred per cent productionc 

THE CHA IHI{lANz It does not thiB 1n the inspe ction 
instruc tions 0 The combined seal irr�rners ion test is ed as an ac cept­

ance or type tes t e  

MR .. SCHEPPELE : VVasn g t your notif:ted of tha t? 
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Group Discuss ion of DC-34 and DC-3 5 Crys tals ( C ontinue d) 

V�NN PI¶CIS ION COMPANY : No o He asked me to bring up that ques ­
tion . 

THE CHAlmŖŗN: I don f t  unders tand how it fits in your activity 
drifts 0 

MR "  LEUCK: We are refe rr ing to the ac tiv i ty drift in the change 
of temperature . 

THE CHA IRMAN: The thing I discus sed ye s terday was only bec ause 
I had be en asked que s tions about i t o  I was asked what drift was accept­
able 0 Any drift was ac ceptable prov ided the unit remained within fre­
que ncy tole rance throughout the temperature run or under any type te s t  
applied . Th ere i s no requirement a s  to drift o 

MR o  LEUCK: What I am ge tting at is over a period of time , through 
a type te s t  --

THE CHAIHlVIAN: You mean will age? Po s s  ibly Q On low frequency 
units aging which will occur during a type tes t ,  dur ing a period of 
a fe w hours , will not be very ser ious · In o ther words you can ' t  ac­
count for variations in ac tivi ty during the per iod of the type tes t o  

fIlIR "  LEUCK: If you are talking about CD "",  

THE CHAIRY̧ N : We are talk ing about units four megacycles and 
be low; units presumably be ing tes ted at least three or four days after 
be ing manufac ture d o  

THE CHA IR¹º N :  Y ou c an no t explain change s i n  activity or fre ­
quency by s aying the units are aging o 

Yffi o HOLLISTER : I am wonde ring if i t  is n f  t c onfus ing that the 
trouble occurs be c au s e  of the change oc curring in the new type of 
te s t  which is covered in the new spe c  ific ation . Obviously you have 
small dips which are legal , but whi ch can cause failure in the type 
te s t .  For instanc e  , you s tart. a vibration te s t  i n  a n  ambient tem­
perature of 68 degree s in Colorado in the mornings o By the after­
noon whe n  that type te s t  i s  c o ncluded  , that room temperature may 
have gotte n  up to 81 degre es and if you ' ve got dips in there , you may 
have a failure o In the new spec ific ation it is recommended -- I thiwc 
that the s tatus of it i s  that such measurements be made in cons tant 
room temperature c 

THE CHAIRNfAN: It is a pos s ible answe r s  This is a more com­
plete answer to your problem Q In several type te s ts performed on 
suc ce ss ive days , the inspec tor should immediately , be fore the first 
type te s t ,  me asure the unit for room temperature , fre quency and 
activitYo  I sugge st you sugge s t  i t  t o  him and l i  d g o  t o  s ome coordi­
nator with ito  
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Group D i s cu s s i on of DC-34 and DC-3 5 Crys tals ( Continued ) 

WYNN PRE CIS ION CO�WANY : The re are o nly ten units in the immer­
s ion acceptanc e tes t o  

T HE  CHAIHlV'lAN: I th ink i t  c all s for thirtY 9  but I ' m  propos ing 
only te n c  A s  I said onc e  be fore , we nee d  only ten o f  these $ All 
the ins pe c tor knows is n ' t  wha t I said up here <l) He was n R t  here ., I 
think you c an s ay that i t  is , obviously { unre as onable for him to take 
your word for it o Maybe he knows you are hone s t  but maybe doubts your 
abil ity to und ers tand things .. It i s  o bviously unreas o nable to e xpec t  
the inspec tor t o  take your word for what happened at thi s  mee ting o 
Furthermore , it i s  definitely c ontrary to his ins tructions Ɣ and i t  
s hould be e There is a channe l of information wh ich goe s out to that 
ins pe c tor 0 He C an act only on that information wh ich he ge ts through 
those channels ƕ Ac tion on any other information is violating his in­
s truc tions , and he is as sum ing a te chnical re spons ibility which he 
doe s not hav6 Q He is wholly misbehaving o As a re sult of the se c o n­
fere nce s we arrive at c er tain de c is ions and attemp t  to implement them 
as rapidly as pos s ible o You c an laugh at army paper work o I do o Y ou 
c an swear at army paper work o I do o But it isn Q t j us t army paper 
work. It is work inc idental to any organiz atio n .  I am qui te sure 
o ther organizations have wors e paper work thaD we do o When you have 
any huge organiz at ion you are going to have that always o With us it 
c an no t be avo ide d " The oppo s i te of that is chaos e If the re is no 
paper work you are go ing to h ave chaos o Y ou have it in your own 
o rgan i z ation o The smalle r  the organiz ation the le s s  the need for it 
and the more rapidly you c an ac t o  As a re su.lt of th i s  c onfe rence j 
we are going to make c ertain change s in the inspection ins tructions o 
I don V  t go back and wr ite ins pec tion ins truc tions o Other people in 
o ther laboratorie s are going to wri te them o They are go ing to wr i te , 
I hope , pre tty much wha t I ask them to o F'irs t I have to phras e i t , 
the n  it h as to go through two or three offices " They will get i t  and 
probably rephrase i t =>  rrhere is a certain form which they have be e n  
told t o  u s e  - - c e rtain matters o f  pol icy "  I t  vvi ll take time o I n  the 
meantime you will chafe " The re i s  no thing we C an do about it " We h ave 
got to accept that ..,  D on U  t go back to your inspecto r  and s ay ,  tt C aptain 
Mitchell said so end so  ., Th e c ontracting office r s aid so and sO o "  All 
we are intereste d  in are the insp ec tion ins truc tions whi ch he ge ts ., If 
i t  i s  too slow, c all th e contra c tor and g e t  him to worry us a bit .  Don ' t  
expe c t  i t  th is we ek or ne xt " Some o f  the s e  case s  whe re we are relaxing 
the re qu irements wh ich are wr itte n  into the spe c ifi cation which you bid 
o n ,  i t  is unre asonable for you to expe c t  us to hurry too much o If , in 
the meantime , we ge t s ome th ing really hot and we fe el we have to take 
care of i t j)  we may be s ide tracked . We will do eve ryth ing we c an "  I 
am expe c t ing information from Maj or Dempsey and his people and from 
people he re from the inspec tion ins truction se c tiono We will ac t  fas t  
on it , and w e  will ge t the ins tructions out to you a s  rapidly a s  we c an Q  

MR. "  HENDERSON: On some of th e spec ificati.ons , ac curac ies i n  the 
te s t  o f  8 002 per cent and 10 per c ent -= It seems to me that with non­
temperature controll ing eqUipment and me te r s  with an accuracy of two 
per cent of full s cale , that you are rathe r loading your inspectors 
wi th laboratory measurem ents and with equipments and training h ighly 

= 94 '"" 



Group Dis cuss ion of DC-34 and 5 ( Continued) 

insufficient for us ing them ", wh ile not the be st engine er 
in the world , have done s ome work on rad io equipment . I 
don ' t  feel s afe in s aying to am s ure I am rightft • 

ARMBREWSTER (S ignal 1 11  d like to answe r  that . We have 
to work pre tty c lose on equipment subcontrac tors . We found 
ma.ny cas e s  where the subcontrac tor wi th pret ty clo s e  toler-
ances to the S ignal Corps were getting 
darn near the borderl ine cases  ., In t.hose i.ns tance s pr ime contrac tors 
ha.s writte n  the suppl iers and asked them to u.p on the ir spec i­
fications more rigidly than the Corps Êpec :i.fic ations . If the 
subcontrac tor will take that into c ons ideration as he goe s  over the 
S ignal Corps spec ificat ions and wri te his own s pec ific ations which are 
a lot more rig id , I think he will find out he vdll a lot les s  re j e c­
t ions back from Glavin and We have da ily confe rence s 
about shipme nts invo lv ing twenty t.hous and It is a tough de ­
c i s ion to make on the acceptance of those .  

THE CHA IHMA N: I po int out what we are asking you to do in terms 
o f  what we aTe talking abou t "  On me a.fJUreme nt we spec ify a 
tolerance of . 001 pe r cent . c lose  , but what is the 
fre que ncy tolerance tolerance 
is 0 02 per cent , and ac curacy that 
c an be achieved in your plant is per cent of the overall 
tole rance . That isn U t  a very accuracy to It may be 
d ifficult to make , but cons ider the measurements to use a 
yards tick to me asure a yard ", You want close to plus or minus 
ten per cent of a yard " If we wIden up we are seriously
kidding ours e lves that we are tolerance of c rys tals . 
I can ' t  draw any other similar can o On ac tivity .  
Ins te ad of ten per cent of the 

orr t.he re cord 

THE CHA IRMAN: Le t !  s see  if now a.bout the s ame 
thing in our s pe c ificat. ion fll concerned the con­
trac tor will furnish te s t  ac curacy of p lus or minus 
. 001 per cent 9 And you are the d ifficulty of making 
that me asureme nt &> Well , do€;sn u t say all frequency 
measur ements will be accurate the ultimate 
c apabili ty of it , if he u s e s  c an make me asure ­
me nts that ac curate e I think it that wayc 

ME. 8 HENDER-SON: What 'Was really in 
my mind was th is Ë I a s tart and that I 
would like eve ryone c onc erned to are approac ing 
the limits of e quipme nt now of available e quip­
ment o 

THE CHA IRWlAN: That waS first used more than a year ago 
now. I don Ì t  knoVJ exac tly what you me n have in your plants , but I 
don t t  think it is too to ask tha t  me as urements be 



howeve r 11 to 
that 

Group D is cu s s ion of DC -34 and DC-3 5  Crystals ( Continued) 

made in that extent . Y our argument about me ters be ing two per c ent 
me ters may or may not be applicable in type tes ts . Y ou are interested 
in reproduc ibil ity ,  and in fac t,  talking about reproduc ibility rules 
out mete r  inac curacy o n  two per cent me te r which is c alibrated within 
two per cent" If  you use the s ame ins trument you will have e liminated 
mo s t  of the me ter error o 

MR .  HENDEHSOrL I real i z e  that it has also  be en s tre s sed to use 
the same e quipment . 

THE CHA IRMAN: It behooves the to do that o 

IVIR "  HENDEHSON: Conve rsely ,  th em the S ame e quipme nt 
means the s ame phys ical equipment o s ame piece of phys ical 
e quipment c an be e ntirely diffe rent Ɛ 

THE CHA IRMAN: Good e qu ipment wouldn 䳁 t  be ., 

MIt .  HE NDERSON: I spe ak of the CES 8·l tes t  osc illator Q 

THE CHA IRMAN: As far a.s CES ...1 is conc:erned 1 if that is the thing 
limiting the accuracy of your mea.surements , then s ix months or a year 
from now we can ask for tighter spe c ific ations ", As far as the whole 
exte nt of that point , 

ability of th(0 to read 
I would like 

can be re ad dire ctly 
s e ts?  I don Ƒ t  know the answer ,) 

record discus sion 

i t  is no t so much a po int of greater accuracy as 
it is the a.n interpre ta. t ion between the 
markings of a few to see a meter with a 
bigger scale which marking 0 C an we get be tter 
meters in those 

Ofr the 

THE CHAIRMAN: We 䳅 11 look into it o Th8..t'lk you for the sugge s tion . 
This shouldn t t  be governing in th is c ase , but j us t  le t me po int s ome ­
thing out to you s o  you c an have a better unders tanding of some of the 
problems we fe.ca ll) Probably the s ame s ets we use are standard for you 
and will be is sued in the field " Maybe we c ould do something e ls e  , 
but the firs t answer to the procurement problem , probably is to use 
the s ame th ing Q When we start shipping to the field , we are severely 
l imited in what mete rs we can use e Two different te s t  sets could be 
des igned with one for the field e 

QUEST ION: Why not have the me ter calibrated for two and one half 
millimeters rather than for five ? 

THE CHA IRMAN: It is s imply a questio n of the availability of 
the ins truments o  I f  you ge t u p  close to the center of it , you c an 
read it be tter . 

MR .  ANDERSON: On fre quency me asureme nt, Hans pointed out that 
with fifte en or s ixte en cyc le s  on low fre quency the re is little differ­
ence . We c an prove i t �  We have the e quipment capable of reading accu­
rate 0 0001 , but i t  takes s omeone who has had experience to read ito 
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I realizfJj 
of 

e quipment 

Would we hold 

Are you 

if it is used 
ac cux" B,cy. Suppos ing I ask 

per cent? 

until we were able to 

the inspecto r  rea.ding 

a reading 
T ake it under s imilar 
why that te s t  s e  t doe s 

intent of the specification 1.13 
be taken under the s a.me co:nd:i, tiona 

pe ra ture , c ali bra ted the same way' , and 
measureme nts should ta.k�:n1 ,a,t. thE! 

ins ertion e I don l t  
spec ification o  The se are all 

won ' t appre icate them 

VO ICE : I have seen cas e s  
is a s li.ght movement . 
watches it it will 

wa.i t 
tims o 
radio s e t

and afte r 
the' S ame 

drift .1. 6 due 
s ame amount of 

that 

a 
thirty cycles , 

Group D iscus s ion of 

THE CHA IRlVIAN: 
care fully , is capable 
you to provide the 

MR .  ANDERSON:: 
me et that spec ?  

T HE  CHAIRMANt 

MR .  S CHE PPELE : 
that? 

MR o  ANDERSONt Noo 

contac t this office . MR. .. SCHEPPELE r If you 

OHMON'lI :; On low 

CHA IRMAN: It s ays 
0 001 per 

arE� 

HOLL ISTER:; The matt(䲿r  
fe w years ago . A t  that 

tha.n would read 
that me te r was working 

BOTTOM:. I th ink it 

om'3 -hundred 

re qu ired ac curacY e In 
nothing to me asure 

g ive n  and told 
plants where the 

measure your 

any troub1e 

furnIsh the 

some to j us tify 

wit.h except the 

serious is The 

MR .  cycle s allowed'? 

THE equipment c apable 
o f  furnishing 

MR .  s imila.r problem , c ame 
up a that a mete r be used 
no t larger full s c ale , at the 
range 

MR .  th is state­
ment of the S ignal Corps in­
spe c tor has crys tal , 
you have f:requency . I have 
be en in had nothing bette r 
than that to 

VO ICg :  crystal pla.ced in 
a standard 34 or 35  standard will dr ift more 'than. 1.0 the air in making 
a reading ¦  

We try to
take until it se ttle s  
down .  There is a real 
reas on doe s i t . 
The measurements 
will ambient tem­

to se lf-hea t­
ing , time after 
init ial into the 

of the inspe c ­
tors 

s table reading . 
The re and 
if he 



Group D is cus s ion of DC-34 and DC-3 5 Crys tal s ( Continued) 

QUEST ION: Suppose it is twe nty-e ight cyc le s ?  

THE CHA IRh+N: Somehow we have the unders tand ing that the read ing 
mus t be taken unde r  the s ame s e t of c onditions . I feel confident that 
you c an he lp us do that . 

WYNN PRE C IS ION COMPANY : On immers ion tes t s  it take s qu ite a time 
and we change shifts . We got one reading , and due to the different 
c o rre lation of two inspec tors the re Was a. little d ifference there even 
if the c rys tal hadn t t  changed any . 

THE CHA IRIVrA N: They probably have a charac te ris tic way in which 
they take a re ad ing . 

MR .  S CHEPPE LE r  That ' s  really some thing you have to s e tt.le with 
your inspec tor . That ' s  a loc al problem . 

THE CHA IRMAN: The ide al answer is obv ious ly for the s ame man to 
take it . 

MR . S CHEPPELE :  Has that c aused you any re j e c tions ? 

WYNN PRE C IS ION COMPANY : VIe have had s ome on immers ion . We don '  t 
know if that was the c ause . 

. . .  Ofr the record d i s cussion 0 0 .  

,m e LEUCK: The s ame man will vary , and consequently another man 
will vary even more . 

THE CHAIm±N: The mee ting is ove r e 


The meeting adj ourned at 4: 15  P . M .  
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GROUP DISCUSSION OF FT-243 CRYSTALS 

LT . R. t o  SNYDER - CHAIRMAN 


THE CHAIRMAN : We are now pas sing out a spe cifi cation which is 
only a proposed spe cifi cation and it may look diffe rent in a couple 
of weeks or a month o I don ' t  think we are going t o  have time t o  go 
through t he spe cification in detail . The re are several things that 
have been changed in the accept ance t e st o One is the number of rejec­
tions allowed on the t emperature runs . I think everyboõ i s  intere sted 
in that . 

I will let Mr. Brewste r  explain that change in the paragraph on 
activity and t emperature run o That will be a separate paragraph . 

MR. BRböTER: (Galvin) : We now have two conditions prevalent in
243 Cryst al s  that cause re je ctions . One cause is sharp dips o The 
other i s  miscorrelat ion of e quipment . 

Sharp dips may o c cur at a single t empe rature and may dip down 
quite deeplyo Correlation e rrors or failure s may fail over quite a 
number of tempe rature check points ,  but very slightly below the minimum. 

0 0 0  Mr . Brewster illust rated this point with two diagrams drawn 
on the blackboard 0 0 0  

MRo B÷WSTER: What we at Galvin are reque sting for our subcon­
tractors in order to allow production to proceed is that we be allowed 
two such c rystal s as this and one crystal like this ( indicating )  . Two 
crystals with a quick dip below minimum and--that i s ,  two crystals with 
quick dips at any two tempe rature s and one crystal wi th a gradual sweep­
ing dip cove ring thre e tempe rature test points going slightly below the 
minimum 0 

I believe that about 90 per cent of the cryst als meet the activ­
ity re quirements of the March 6 specifi cation.,  That is from the stand­
point of the type t e st rej ections  . In other wo rds  , if the March 6 
spe cificati ons we re adhe red to from the standpoint of activity re quire­
ment s through the temperature run , at le ast 10 per cent of t he crystals 
would be lost o 

THø CHAIRMAN: In other words , by all the manufacturers , not one 
parti cular manufacturer? 

MR䲾 BREWSTER: WellJ to go furthe r,  there is first of all this 
c ondition that some manufacture rs are not using these waivers o However ,  
their production quantiti e s  which they are shipping is substantially 
lower t han it has been previouslyo 

The other condit ion is that the balance of the plant s that are 
on schedule or close to s chedule are using the waive r .,  Now, the re may 
be 5 per cent of t he plant s that are not using the waivers who a re on 
s chedule ., 
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Group Dl ecul8ion of ST=243 Orystal , ( Continued) 

Because of these small dl fferencel which are really hairline th1nge 9 
we are kno cking out a whole raft of C178tal. and no one 1 8  getting an.v 
place fas t o  I think the objec t 1 ,  to let  tle on 80mething whereby we haTe 
a compromi le and 8 tl11 no t lower the act1v1 t7 a tandarda or tr,r and get 
avq with palliDE'; c!78 tal a that are really 4ea40 Bone ot thea e  crystals 
we are talking about would no t wo rk in a I.'to 

'l!HI CRAI1I4AI8 I think that 18 what J'raDk 18 tr.v1ng to 40 [) to com= 
promÕ, •• on correlat ion ot the equipnent wi th the 10 per cent below I) 
al.low1q one rejec t on 10 per cent below and. comproa111n« with those that 
haTe exc81 11ve activi t7 dips by allowing two to go 50 per cent below 1. 
realoDAble o  

1.Ad Ql1.ISTIOD'Rg Thi s l e.8 t o  b e  a 1004 comproml • •  it the S1g11al 
Corp. want l to go along w1 th i t o 

TO CHAIlNAIs Dropping that 10 per cent below maY' DOt 801",. fOUr 
borderline cal81 0 You mAT have to rai le TOur prodnc tion aboye your 
minhmm in order to keep to the o ne going 10 per cent belovo 

0 0 0  Otf the record 0 0 0  

qu.JS!IO. 8 Ie 1 .  restri cting i t  to two of one kind or one 䲤t
8lt.o thero Wh.:t no t have three altogether! 

m CHAlIKA.ls tie are 4eteat1ng our realonln,; in back of that o b;y 
.allowing three that could go down 50 per cent theBo 

QTJISTIOl8 䲣 70ll figure out it take. 0 42  to operate that rۙ 
11 18 859 in aceo䵤nce wi th the operating ebarac teri ltiCI of th䲥 let ..
defined b7 the Signal COrpl ! Sinee then have 70U 4ane 䵢 work to tind 
out the minimum po . lible operating condi tion_ ' 

M.I 0 lm.»ISftm.& In alUlnter to TOur que. tieD: f) we have not 0 

S.AMIl QUISTIOI'ER 8 It no t p we don 0 t reall., know what ve are tal.kP
ing AbQut o 

MIlo IRlIllISBRs W. mow 0 42 will operate the equ.1pnent to the Signal 
COrpl requirementl o  

QPlSTIOۛ8 You are down 10 per cent ? 

Q,UEITIOlfs 023 1 1  a lharp di p o  It thi . 1 1  trne f) what Mro Brewster 
il talki,ng about ll the Ra4io Set 1 1  inoperative in a _harp 41p o I am 
thoroۚ7 again.t allowing those dip. bec8Ule I don ' t think at any time 
Ihoul d the set be o'ut of operat1ol1o 

PDVIOUS qpDTIODR 8 I agree wi th h1J1o linee we put through that 
waiver there has onl7 been one cal e  I know oto We are testing now at 0 460 
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Group Di scuss ion of FT=243 Crys tal s ( Oontinued) 

THE CHAIllMAN& You set your s tandards up? 

SAME Q,UESTIONERg There has only been one cas e where the Signal 
Corps  , checking at 0 42  have found a crystal that went out and that wal 
at 70 degrees and they recallbrated the t emperature and found out i t  
was 72 degrees ins t ead o t  70 0 !hat has been our experi enc e o n  that 
parti cular one o 

Ma o  BEh䳨STER3 In speciti c  answer to your ques tion ,  I would l ike 
to po int out that you had the advanta&e ot a number ot Signal Co rp. 
personne l  in your plant o I would l ike to ÿ1 1e to th1 1  extent «t 
a condi tion did exi s t  where equipmen t  was improperly co rr elated , and
after the equIpmen t was properly eorrelated- co rrec tive mea.ures were 
sugge s  t ed and taken by the manutae turer to improve the quali ty of hi s 
produc t over what he had previ ous ly been delivering and he state s now 
that i t  haa materially i ncreas ed the quali ty of hi s produc t eo he ap­
parently do es no t need the waiver o 

SAME QOESTIONER& I s t i ll think we should have the wai ver al though 
we mould manufac ture or at tempt to obtain that in our own qual1 ty con­
trol f) but as far as the Signal Co rps 1, concerned to avoid havin.g eu.b­
mi s si ons go ing back into our lap whi ch throws a momee,- wrench into the 
machinery for the next couple ot dayl== 

MRo lmI'ISTERg We are perfec tly in agreement wi th 70u and we 
feel that if you and your inspect ors keep up the wo rk fOU have done , 
some time in the future you will have your plant 10 well o rgani z ed aDd 
your t e s t  equipment 80 well correlated that pro gre88 wi ll be made In 
eliminating these dips to the extent that this will no longer be a 
problemo 

SAME QUESTIONER s In working out a new .pec ification we will 
eliminate the plano 

MBo 11A.tTElh The point 1 8 9  op erating under the vaiTers , you are 
asking the Signal Corps to take three dead uni t s  per thirty lamplea out 
of a thousand== You la7 we are suppo .e4 to take 10 per cent 4ea4 unit, 
whi ch means we could. conceivably take one hun4red dead cryatale out of 
every thouland we aeeept o 

Thi 8 vaiver we are referring to &1 tar .a the Scranton mee ting goe.  , 
s.,. we will acc ept thr.e uni t .  whi ch tall below Ipeci fication limi t• •  
Since thi 8 i .  a lample p w e  ar e  go ing t o  t ak e  uni t. whi ch are 10 per cent 
defec  tlveo !hree out ot th1rt7 tailed and Ȑ haTe gone comp1etel7 bad. 

SNa Q,tlISTIOIERs I am predi catin« thi s who l e  th1Jl£ on the tact 
that ;you have your own quali ty contro l  setup to a po int where TOU lenow 
you are no t going to get tho se  . but at the lame time p who can t ell ' 

NR o  BALTIlls Now " we are back again to the IJ1herent 4efect8 o 
Per80nally & I think the feelings of the Laboratory are . there are 
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Group Di lcu8s1on of FT-243 CrYltal l ( Continued) 

no such things al inherent def'ect a--dips that appear one time and don o t 
appear ano ther time o Let O .  no t argue that novo That 1 s  a highly debaiF> 
able po int o We want an anlwer whi ch 1. going t o  b e  effec tive immedlate170 
.An anewer that w11 1 permi t pro4u.c tion al 70U want and which will give UI 
better 81surane e that we are no t taking a hundred dead cr,r8tals per thou= 
a䲡,c䲢 

IAMB Q,UlSTIOIIR 8 Let B •  put i t  th1 1  wq8 00 ahead wi th i t  and we 
wi ll tell TOU what we thiDk of i t o  

NR o  JAL!lR8 We are willing to allow a general reduc tion o f  the limi t 
of 10 per cent tor the temperature runo T.bat 1 8  to take care ot co rrelationo 
If 8D7 one uni t tall. below 10 per cent on the temperature rung tho e. �b= 
mi tt ed are rejectedo However t recogni z ing ze tact there are 80me 䲟䲠 
terioul fac tor. we dcn1 0  t know about and whieb come in " we will take two
un! ts which fall no t 'below 50 per c ent ot the minimwA acc eptable lim! t o  
at one temperature tee t po int ., and that way. we are getting away trom 
accept1nB any to tally dead uni ts and haTe rea.enable .8lUl'anCe tha. t all 
uni te will operate their radio lets then 0 

QPJlSTIONs I alk there should alia be allowed one fai lure whl ch  
go es below the 50 per cent dip because you are loing t o  haye th em  in 
nbmi alion. trom 4&7 to � and I don 8 t care who :1 t 1. 9 theT are no t 
making Cl'7l1 tal l that go040 

Mao BALTD& We haYe figurel which ahow that 80 per cent ot the 
m&1lU:tac tur eree submi t t lng crystal , to Gal Tin are operat in& vi thout the.1I 
vaive rtJ o 

00 Im:WSTlR2 At rednced produetiono !'hat 1 e  what we are trying 
to do E!  to help you out to try and. ge t the prcc1uc tioD.o 

SAM! Q,U.lSTIOI'D& !he way it i. now 9 10U ue allowed one tailure 
eomple telyo Under the new specif1cation o it two cr,yatall tall below 
1.0 per cent of the m1nimu.m you would be rejeote4o 

Mlo !AIJTE!ts If two cr;Yltall tell below 10 per c ent in a llow 
eurve o 

SAMIl quESTIOlllh How are 70U going to t ell that ? 

MRo AlLTiB,g The di sti nct ion 1 1  going to b e  made whether the un1 t 
fell below 10 per cent on two suc cessive rea41ngao It i t  doel that 9 
it 1 1  a rejec t o  If i t  go •• below 10 per c ent on one and no t below 50 
on another reading 9 that 11 Ao t a reject o 

0 0 0  Otf the record 0 0 0  

Q'OlISTIOls How about this eompromis&==lDlte&d of allowing two dip80 
allow one clip on th e 50 per cent and one dip on the 10 per c ent and then 
one dip below that o 
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Group Discus s  ion or FT-243 Crystals ( Conti nued) 

MR. BALTER : No , we are back to one dead crys tal again. 

SAME QUEST IONER : It does n ' t have to be de ad . It could be 50 or 
55 or 60% below. All I want is the one crys tal that would be a dud 
as far as the s e  limits are concerned and a fighting chance for the others . 

MR .  STANLEY : We are doing a lot of bicke r ing ov er something here . 
Under the princ iplas of t ype tes ting ,  you are type tes ting a group to 
guarantee produc t ion tempe rature runs . The Laboratory has said under 
the type tes ting they will ac cept a certain amount of defective crystals 
because you are not going to ge t every one r ight. You know that . S o ,
I am inclined t o  agree with the se gentlemen that we should allow one 
that fails in Óc tivity plus these deviations here . The s e  are much more 
than I expec ted to be given by the Laboratory . 

QUEST ION: By fail ing do you mean comple tely dead? 

MR .  STA.NLEY : I mean anything be low the 50 per cent limit . 

SAME QUEST IONER : In other words , a dead crys tal? 

MR .  STANLEY : In making the temperature run it is very e asy for 
the inspe c tor in inspec ting the whe el or the box to make a bad crys tal 
that regis ters zero ac tivity . That orys tal is going to be thrown out . 

MR .  BALTER : Well you shouldn ' t  have that condition and in very 
few c ases do you have it . 

QUESTION: It s eems to me in discus s ing the dead crystal , we are 
getting away from the pr imary purpose of this particular type tes t .  
Atter all , the temperature run is not des igned t o  de termine how maQf 
crystals are dead . It is to determine the ac tivi ty re quirements be tween 
a certain temperature range . This is my thought: If one crystal 1. 
found to be de ad in that particular type tes t ,  it should not be neces­
sary to take that whole lot of a thousand and run them b ack through the 
temperature tes t ,  but tes t  them at room temperature and see if any ot 
them are de ad .  I think maybe the as sumption is the whole lot is be ing 
rej ec ted be cause of the dead one that got in there ,  but you go back and 
take your thirty crys tals and check them and if you find another dead 
one , you would be pretty we ll hooked , wouldn ' t  you? 

THE CHA IRMAN: Ge ntlemen , I don '  t think there should be any dead 
one s  in the re . 

QUEST ION: I th ink they a re go ing around in c ircles for one rea­
son: We don '  t hold ours elve s up as an e xample , but I want to say thiS , 
we make it a point , and this is some thing I have been arguing with my 
inspectors about , I have been wanting the inspec tors to make it a part 
of this spec ification or the one we are working on now, a provis ion 
that every crystal should be put in your vibrator and vibrated . That
1s , rigidly c lamped down and vibrated for five minutes at 50 to 60 
cyclaa . We have been c ons is tently do ing that . Mr . Brewster c an tell 
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Group Discus s ion of FT-243 Crys tals ( Continue d )  

you that o n  the new s pec ification , without the relaxation , we have 
turned out s ome e leven or twe lve thou sand c rys tals and I s ay thi s , 
whi ch is the gospel truth , that we have not had one dead c rys tal go 
through our he at run, let alone , be found by an ins pe c tor . I th ink 
that would cure the whole s ituation if the boys h ad to do that o 

I want to say ano the r  thing about correlation..  We had one c as e  
where we s tarted o n  the correlation of the equ ipment we were running 
10 per ce nt re j e cts , and we knew we should run 45 per cent" We we re 
too good .  Everybody was happy but me be cause I s a id we can ' t  be 
that good , and we took and made up spec ial c rys tals , s ome tha t  were 
at the pas s ing point , o ther be low the pas s ing po int at various s tage s . 
We ran them through the CES - l  te s t  o s c illator ., 

We firs t took the c rys tals th at ƴƵre at pas s ing and put them 
on the units tha t  we re supposed to be correlated and found they re ad 
perfec tly . Bu t ,  we took th ese low c rys tals and ran them through the 
he at run--which we re Iow an the CES ... l ... ... and i.n s ome c as e s  they ran 
6 .  56 .  Now, we took the ins ide s out of thes e  machine s and we really 
pulled them apart . We took out the c ondensers , fixed the c ondens ers , 
and all kinds of wiring , a.nd 'we made those units c o inc ide wi th the 
CES-l , and in do ing that ,  we found we could t ake the CES -l , put the s e  
low crys tals in i t ,  take it o u t  and put them in the heat run , a nd the 
inspe c tor c ould see where they drop ped to a c e r tain po int in the CES -l , 
they dropped to the s ame po int in the hot run box .. 

Now, I would l ike anothe r prov is ion in the s pe c ific ation to take 
c are of tha t  bec ause I know othe r fac torie s are not aware of tha t  fact 
that the s pec ification should be change d  to the po int whe re e ach in­
spec tor would have a s eries of thos e  c rystals -- I don C t  mean erratic . 
I mean c rys tals made at a low s tandard of activ i ty s o  that c ould be 
checke d  in your plant and you are not go ing to have all the trouble in 
operat ing that you do nowo 

MR .  BALTER : Well , certa inly every plant so far is correlated . 

SAl\IlE QUEST IONER : I want to differ vrith you there . This happened 
aftƶr an engineer was there and had okayed my e quipme nt o 

MR .  STANLEY : May I give an experience here , too ?  Thi s  waS in 
the case of a plant on the Pac ific Coas t &  The inspe c tors have run 
type te s ts on 1050 c rys tals through the temperature cycle . There have 
been five lots out o f  th irty thous and c rys tals re j e c ted or have had 
the red dot put on them be cause of ac tivity fai lures under the old 
s pec ifica tion , and the failure of every one c ons titu ted a qUick d i p .  
There was n ' t  one tha t  s tayed low ..  That i s  the gis t of th e whole thing , 
a.s I s ee i t  .. 

lvrn. . BREWSTER : Gentleme n ,  we have gone all around th is thing and 
I would l ike to s ay thi s :  That I haven ' t  pu t up thi s  sugge stion wi th­
out giving it very c are ful cons ideration . We Tan hundreds of crys tals 
through at Galvin during the pas t two or three weeks ; crystals that 
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were made to the new I ha:ve gone back ove r  those 
charts in trying to and it has been my 
feel ing that the s e  things wh ich are up here today will allow 
about 98 per cent of production to on the bas is of tes ts and 
re-run tes ts  , which we have n:liadl䲞 at 

Now, if anyone else s tudied the and ma.de charts 
and fee ls that they stlf'fic :i.f3nt information to propos e  an alter ­

nate sugge s tion,  I am SUI'S the 
i t .  If there ara n f t any concre tf3 
blem of the numbe r of 
I would sugges t that �� 
tion of which direction 

QUEST ION � I would raise a 
have thre e  dips , sharp d ips , and none o f  
what is your dec is ion? 

MH . BREWSTER : cond :i.tion would 
I am bringing out is 
been outl ined here 
ves tiga tions , that 
pos s ible to ge t o  

SAME QUEST IONER : I 
dipped twice  , suppose we had 
dipped onc e ?  

MR. B1ZEWSTER : Under 
re j ec ted . But J) that occurs 
which we have 

QUEST ION: 

MR G  BREWSTER : 
inspec tor will any 
h ave in there crys tals 
c entage beyond We and 
too lenient and In a 
s itua.tion over and we have 
S ignal Corps wanted to take 
solution wh ich waS 
tion . 

Now ,  in ans we r  to you:!:." 
allow tha t  crystal to 
mus t  be a c e rtain 
o ther contrac ts 
waiver s o  that 
apply ge nerally to 

THE eRA IRMAN: we 

be glad to c ons ider 
to this imme diate pro­

the temperature runs , 
hands to ge t an indica-

here . Suppo se you 
the o thers we re re j e c ted, 

occur very rarely . What 

on bas is which has 


and our in­


the produc tion i.t is 

two crystal s that
twice and none that 

h ave a shipment 
to the records 

the S ignal Corps 
and you may 

or wh ich fall a pe r­
that that is somewhat 

, we talked th is
waivers c ontinue . The

We arrived at this 
order to get produc ­

on the 659 will 
of that l imit 

appl icable to the 
s pec ification and by the 

that will 

the spec ific ation here 
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and note the change s that h ave be en made ? 

QUEST ION: I would l ike to mention , in the pas t ye ar and a h alf 
or so , I have witne s s ed temperature runs of hundreds of thous ands of 
c rys tals with the re ad ings rec orded on charts . The charts are on file 
now at Galvin Manufac tur ing and I have s e en runs t ime and time and 
time again whe n a cry stal exhibite d  an ac tiv i ty read ing of z e ro in one 
s pot . The s e  happe ned to be CR -l c rys tals . 

I am very incl ined to be l i eve tho s e  crys tal s we re not defe c tive 
crys tals as much as a bad c ontac t or s ome th ing that occurre d  in the 
equ ipment , and I am he s i tant to allow or to fee l that s ome thing of 
that nature wi. ll be the C ause for re j e c tion of a thous and crys tals . 

THE GRA IRII/IAN: My only sugge s ti on is that ther e  happens to be 
two more c onfere nce s go ing on that are probably discus s ing the same 
thing , and thi s  original propo s al righ t he re is one we talked about 
las t night and everyone agreed with i t .  Now, if there is anything 
e l s e  th at comes out of the o ther confe renc e s --

QUEST ION: I would fe e l  much be tter if a lot of the chance 
were taken out of I t .. If the re is a dead crys tal , le t ' s  put a s e cond 
al ternative to it whe re the inspe c tor sele c ts another lot and checks 
them instead of re j e c ti ng that entire lot . 

QUEST ION: Wouldn ' t  i t  be pos s ible to have the inspe c tor 
authoriz ed to re -nln that s ame lot? 

THE CHA IRMAN: I th ink we will probably s ay the inspe c tor may 
re-run the c rys tal s if the caUse o f  the failure c an be trac e d  back 
to any particular reason and you c an e l iminate thos e  particular 
failure s as you re submit the lots . A s  we go through th i s  , I th ink 
you will s ee that? 

• • • Off the re cord 

QUEST ION: Mr . Brews ter named all the s te ps . Undoubtedly he 
c onduc ted the tes ts under h i s corre c t  superv'is ion and c orr e c t  control . 
They we re undoubtedly done by girls exper ienced in that and on good 
e quipme nt . We are talking about taking an ineXperienced girl and 
g iving her a temperature run box wh ich she has never used before , and 
it take s s ome time be fore she learns how to do i t .  Bas ing s tatis tics 
on the numbe r of re j ec tions made by e xperie nced ope rators and people 
who are we ll qualified- -

THE CHA IRN䳀N: I th ink Frank has based th i s  temperature com­
promise on te s ting units --no t  the one s we got a ye ar ago , but the 
one s  coming in unde r this S pec ification. 

MR .  BREWSTER : That is r ight and it i s  not only that c ondi tion. 
The reason we made the runs at Galv in ?las to de termine how the crys tal 
units faile d , wha t  perce ntage fai le d , and for what c aus e .  These per­
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ce ntage s do not indicate the number of failure s on crys tal units coming 
in by any means . They indicate failure s in plants that are now manu­
facturing crys tals and of the rej e c tions encountered by the S ignal Corps 
inspe ctors . That is based on a le tter sent to our subcontractors and 
bas e d  on the information therefrom . 

THE CHAIRMAN: Shall we get back to this problem again: Shall 
we go through the spec ification now? 

F-la i s merely a reword ing of that paragraph . 

F-2a is Reference S tandard Crys tal Te s t  S e t .  


I don ' t s eem t o  have the firs t page s here . W e  will s tart with 
C-9a , Finishing Tre atment of Quartz Plate . This spe c ified the c rys tal 
will be finished to final fre quency by e tching • 

• • •  Off the record • • •  

QUEST ION: Is  the u s e  of the quartz aggrega.te in the cleaning 
procedure c onsidered o ther abras ive as s tated in C-9a1 

Nili . BALTER : There is the mere fact it doe s n ' t  wash up as much 
as one that is j arred a little bit. I think the only thing to do is 
submit s ome s amples which we will put in our tes t  and s ee if they do 
age . That is the only way we are going to approve it, and until such 
time as that is done , I don t  t think they will be ac ceptable . 

QUEST ION: Y ou do not cons ider s crubbing with a toothbrush 
abras ive , however? 

MIt .  BALTEH 䳺 No . 

orf the rec ord 

QUEST ION : Is it permi s s ible to use hand abras ives  on the surfac e  
of the FT-243 under four megs ? 

THE CHA IRlVTAN: Under the new spe cifications , all crystals ordered 
under the new spe c ifications will have to be ac id e tched . 

. . . Off the record 

QUEST ION: The clarification of s cratches and chips was asked by 
the floor. We would like to have this as quickly as pos s ible . 

THE CHA IRlVlAN: The Inspe ction lŦgency is working on that problem 
and they are setting up s tandards o 

QUEST ION: Has the Laboratory eve:r produced any conclus ive evi­
denc e of the seriousnes s  of scratch ing? 
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THE cHA mrv'lAN: These s tandards that are s e t  up may be much lower 
than they were previously due to e tching requirements . 

SAME QUEST IONER: Do you mean more obvious scratches will be per­
mitted after e tching? 

TIm CHA mMAN: That is to be discus sed .  

• • • Ofr the record • • •  

QUEST ION: Presuming this standard of scratching will be attained , 
from the ten crys tals that will be opened , if more than one has a re ­
j ectionable , obvlous scratach or chip , is that subj ect to rej ections-? 

Affi o STANLEY : That is right . If it is de fined as a fault , it 
will be ; if it is an obvious chip as set up o 

QUEST ION: On the matter of scratche s  , I unders tand the matter 
has been taken up between your laboratory and ARL and that the e ffec t  
of scratches on an e tched crys tal i s  yet to be de termined , but i t  is 
being worked on. 

THE CHA IRWđN: Ye s ,  and the re is an indication that the limi t 
may be lower o 

SAME QUEST IONER : W e  are n ' t  sure ye t what the e ffe c t  of a 
scratch on the e tched c rystal is , and it is very obvious that s cratches 
show up on e tched crys tals which would not show up on one finished with 
a coarse abras ive . That applies to crys tals finished with a fine ab­
ras ive also and the thing is be ing s tudied and it is be ing discussed . 

THE CHAIRMAN: General Requ irements . D-l . The only change in 
that paragraph is the omis sion of preproduc tion samples . It is a 
matter of c larification . 

The next change is E -9a . That is a clarification on the her­
me tic seal test equipment . 

MR .  BREWSTER : We had a little discussion on that and it was 
pre tty we ll agreed by the laboratories ,  I believe , that crys tal 
s amples approved for one type radio se t--could s tand approved for 
other models . The only contingency wh ich would be involved would be 
the correlation of the e lec tronic e quipment,  and for that reason , 
perhaps a pilot run migh t  be required .  But , other than that, we were 
unable to find any other change which would be required .  

QUEST ION: Will preproduction samples be required from all 
manufacturers before they begin under the new spec ifications? 

THE CHA IRMAN: That is r igh t .  That is what i t  s ays . 

0 • •  orr the record • •  0 
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QUEST ION: If we all submit them at the same time , what will 
happen to produc tion in the me antime ? It is go ing to take them a 
long time to get them che cked e 

THE CHAIRMAN: Galvin and the laboratories are working on them . 

MR .  BREWSTER : I think I c an say you fe llows will be pre tty 
well as sured that produc tion is  not go ing to be he ld up if ۨ۩ can 
po ss ibly avoid it o We are working on a numbe r of different ways in 
which we can expedite approval of the preproduc tion s amples and als o 
expedite the pilot run prior to the firs t submis s ion of s amplņ under 
any spec ific ation. 

. . .  Off the record .. . ..  

THE CHAIruŇN: Does anyone els e want to s ay anything? 

FLOOR ň It is all very well and good to s ay the manufactuers 
are not going to suffer any loss of produc tion bec ause of the delay 
in tes ting preproduc tion s amples .  As long as the contrac ting officer 
re quires that produc tion , that is true enough . There are going to be 
waivers made . But , on the o ther ha,nd , from the legal s tandpoint , the 
manufac turer is on the spot plenty. As suming the contrac ting officer 
dec ide s the particular amount you were V'lorking on wasn t t particularly 
important and no emphas is was made to expedite the te s ting and approval 
of s amples and the pilot runs , I c an see this coming up: Vfuat happens 
to the manufac turer , twiddling h is thumbs waiting for the s tuff to come 
through? 

THE CHAIRMAN: The only thing I c an go back to is the previous 
s tatement . I don ' t  think we will discriminate aga.ins t any manufac turer .  
The firs t ones in 'will b e  the first ones tested , and we are going to 
try and te s t  all of them as quickly as possible . 

Off the rec ord • I) o 

THE CHA IRMAN: A re the re any c omments on the drop te s t? I be­
lieve you all heard Captain Mitchell ' s  c omments ® 

QUEST ION: Y ou c an ' t  read 3 8  cycles in the firs t place , and you 
are going to get tha.t in change of temperature by the time it is 
dropped a couple of times . 

THE CHA IRMAN: That is true , but in the h igher frequenc ies , I 
don ' t  be lieve you will find that.. In the 34 and 3 5  program , we have 
be en allowing . 003 as the deviation on that. The & 002 as indicated 
here , was changed to " 003 ,, Is your problem on the 34 or 3 5? 

SAME QUEST IONER : It is BC -611 and DC-3 7 .  

THE CHA TIt.fu'IAN : How d o  the res t  of the c ontrac tors feel o n  that 
drop tes t ,  the one s making BC-611 ? 
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Th e maj ority of the contractors agreed that point was not 
bothering them • • •  

MR .  BREWSTER : I would like to say one thing ; I understand that 
problem .  I think that i s  a problem of the whole industry . That is, 
when the tolerance s of a te s t  approach by 50 per cent or less the 
degree of accuracy which you have in your e quipment for meas uring the 
re sults of that te st, then naturally your te st is no longe r a te st 
on the unit, but becomes a te st on the accuracy of your te st e quipme nt . 
I would sugge st that through all of thes e te sts, drop, vibration and 
c leaning and everything else, that a minimum be established which is 
flat without regard to freque ncy which will allow for the meas uring 
e quipment . 

SAME QUEST IONER : I waS going to sugge st we use 100 cycles or 
. 002 pe r cent, whichever is the mos t .  

THE CHA IRMAN: I know th is is a problem on some of them . 

SAME QUEST IONER: Getting back to the 243 , it will come up on 
the 34 and 3 5, but you are dealing in two diffe rent mas se s .  W e  haven t t  
experienced the trouble in the 3 4  as we have in the smaller blank in 
dropping, because you ' ve got two mas s problems, so it is definitely 
not a 34 or 3 5  problem, but an FT-243 problem . 

䳉m . BREWSTER :  Will you recommend at the general meeting follow­
ing this one that that was our conclusion and arrive at some sort of a 
compromis e  agreement? 

MR o  BA LTER : I think you are overlooking a numbe r  of facts . One 
is, there shouldn i t  be an appreciable temperature change in a crys tal 
that is picked up and dropped five times in a matter of thirty seconds 
or a minute, and if the re is, the re is no good reason why the tempera­
ture of the c rys tal cannot be regulated and it should be te sted to take 
care of that . 

SAME QUEST IONER : If the S ignal Corps will do this , we will be 
glad to do it: You make ȼrrangements with the W ar Production Board 
to re lease air conditioning equipment to air condition that room . 
That is the first thing . Secondly, you will allow us to write off , 
during that contract, the cost of air conditioning the room . Air 
conditioning is a big advantage because we te s ted c rystals in air­
conditioned rooms and found the c rystal units met re quirements . 

MR .  BALTER: Air conditioning is a solution, but it is not the 
only solution. You can have a temperature control box which ne ed 
not be larger than a foot s quare . 

SAME QUEST IONER : You are still bringing your c rystal out into 
the room which has a different tempe rature . 

MR .  BALTER : If there is any change , I don t t  think it is 

- 112 ­



Group Dl lcuslion of F!-243 Or,vltal l  ( Contiuued) 

appreciableo 8eco1'1417 9 the o ther condi tions can be remedi edo We can 
have the inspec to r drop the c17s tal and then read i t  immediately 
af'terwards o 

TO OWRMAl 8 I think there wi ll be qui t e  a di lculsion on the 
34 and 35 8 ,  on that and whatever they have on lower frequenci es shŉld 
al so appl:y to J'T=243 , S O  

Mlo 8ŊL1Y 8 I think the solution 1 .  an air condi tioned boxo 
That i l  what we are do ing on the Coas t o  I think that il the onl7 ,olu.­
t ion outlide of what was sugges t edo I think we wi ll 8ettle fo r a boxo 

TBJ1 OHAIBMAN & '!here has been one change from the specification 
a8 you now have i t o  ARL has 200 megohms . Thi s m&y' be changed to 200 
m egohm ' too o  !'hat i s  ]1...11 0 '!'he frequency and ac tivity requirement, 
on that test have been eliminatedo 

0 0 0  Off the record 0 0 0 

QPlSTIOX 8 It shipments are re jec ted, what i 8  then done' 

THE OHAI.BMAN & !he caus e 1 1  de termined a.ud then they are reworked 
as defined by Captain Mi tchell 11'1 hi e talk 0 

0 0 0 The means ot reworking re jected shipments was then di lcul a ed 
and the subjec t was put as ide to come up in the tollowing mee t ing 0 0 0  

THE CBAIRKA!h The next change i s ,  we have taken internal inspec­
tion and made 1 t a separate par&«rapho It was confUsiDg as we had i t  
b eforeo I t  wal cleaning and internal inspec tiono I t  is now a separate 
parauapho 

Mio BALTlR8 Beto re i t  was cleaning and internal inspection. anc1 
theretore only one failure was allowedo A. it i e  now separated you are 
allowed two fai lures under each sec tiono 

0 0 0  Off the record 0 0 0  

THI CHAIllMAN's We are going to define a Icratch or chip but i t  wi ll 
take tlme o In the meant ime these are i n  effec t o  It two crrs ta1s out of 
the t en fai l that would be cause tor a rejec tion o Likewi s e , if the iŋ 
specto r teels the blanks are scratched more 䲝 they should be.  a thou­
land C17s tals are rejec te40 I wanted to bring t,that ques t ion up as i t  
has been asked many timeeo 

MRo :BRIW'STIR &  I n  regard t o  that I would l ike to eay that our 
subcontrac tors have all been no tifi ed by le t ter that if such an o ccur­
rence happens that a shipment i l  rejec ted becaus e ot int ernal inapec­
tionp we in turn wi ll reŌe8t through Colonel Harri s a  ottice that a 
zone coordinato r  be sent out to the plant o r  that a pi lo t run engineer 
b e  sent to strai ghten out the si tuation and they have promised U8 
twenty=tour hour l erv1 ce on i t o  

TIm OHAIRMA1T8 ]'= 60 There has been a change there o "Acceptance 
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Test s o  Acceptance t e s t s  shal l be performed by the Signal Corps Inspee= 
tor g and shall be the bas i s  of acc epting orys tal uni t s  8S mee t ing the 
r equirement s of thi s  specificat1 ono o r rejec  ting them as fai ling to do 
80 0 "  

1=1& 1 8  elarificat iono
J=2 refers to th e s tandard c rys tal t es t s e t  and. 1, 8 clarification 

on the di stribution of the t e s t  set o 
]'=2b 1 1== 

QPlSTION8 I no tice that readl g "Ĳle cr,r8 tal uni ts may b e  subjec t ed 
to all test a c  OO 

Mio BALTERs That i s  at the option ot the inspee to r o  

THE CHAIBMAI's The next paragraph 18 )'=61) 0 Failures 0 

ĳ= 7 o  Etchi ng Te s t e  Oh g by the way s we should go over 1= 680 I t  
1 8  no t marked wi th the double as t eri skso !hat 1 1  sample selec tion and 
t eat routine o 

QJ1ESTI01l 8  What i s  the to tal amount o f  orystals taken fo r the 
t es t ?  How many tel t e  have you done ! !here are teno In o ther wordl o 
they could t&t䲛 three hundred c r,ya tal l o  

MRo EALTERs No o the lame uni t. must be lubjĴeted to bo th leal 
and immera1ono 

SAMll QTJJlSTION'D,g You are s ti ll talking abo'll t an appreciable qu.a.n= 
t i t  yo hankly o I donO t think they w1 11 0 

do S'l!A.NLiY 8 䲜t operat es in your favo'J{'o You are no t performing 
des truc tive test$ on them and the o nly thing we fought to get in before o 
wal to expedi t e  th e shipment because i t  takes ten hours it you take one 
group and l"wn them through whereas you can take the grottp and run them 
through ae specifi ed here and i t  do eln O t  take that lODgo 

THE CHAIR.M.A.N 8 1=79  no comment 0 

0 0 0  Off the record discussion on the effect of surface mo i sttll"e 
and humi dl ty 0 0 0 

qu:lSTIOl g Could we be all owed to blow a fan over the crystal or 
allow it to be wiped o ff! 

qoISTION 8 Oould the uni t s  be perm i t t ed to s tand mo re than thi rty 
minute_ ' 

Mi o  !ALTEl18 We11 9 the purpo se of thi s i s  to provi de a s tandard 
tes t o  If you permi t them t o  . tend longerp you wi ll evapo rate the 
mo i s ture that has been absorbedo It you want to wipe them wi th a towel 
at the end o f  thirty m.inute8 9 I think: that i s  permi ssibleo 
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Mlo BUWSTIB.& You can 0 t wipe 1 t all o tto The same thing applle. 
to a plate of glas s on a desk o 

QD'ISTIOI 8 1'h.e one thing we all want to know i s  when we have to 
s tart out etching procedure and I think in a tew minute. we Should decide 
that 0 

QUESTIOlf s  In paragraph 1&..&1) do I under. tand we can put it in and 
take i t  out and d:r7 i t '  

1'D CB'Alm.wts liTo 0 

0 0 0  Otf the record 0 0 0 0  

Mlo BALTIlU There i .  one cb.a.nBe at the end and that II in 8=5co 
We al80 Iklpped over a previous paragraph on the I taDdar4 teat leta 
and that 1 e  that thele three echelons of I tandard c%7l tala have changed 
lomewhat o In that Q the reference s tandard cr.y.ta1 tes t let 1s go ing 
to be furni shed th e Signal COrpl inlpeetor 0 

1U OHAIRM.d s I thiDk we had bet t er get around. to the etchlngo 

0 0 0  Ott the record dilcussion 0 0 0  

QJ1.ISȑIOI 8 What did Galvin get 8.1 a resul t of their telegram s !  

MBo BRlifSTIlt8 Th e  resul. ts  o f  our telegrams was that a lo t o t  
10U could be e tching your cr.1s ta18 wi thout interfering wi th prodne t1on o 
by about September 150  wi th th³ exc eption of one or tvo companies who 
I haven G t  heard fromo 

Nov D i t  1 8  our opinlonQ from speaking wi th member. of the Signal 
Corps and speaking wi th manufac turer. who are now etching g that i t will 
take conliderably longer than th1 8  t ime becaus e ot the lack ot available 
equipment f) the engineering t i.me that 18 requ.ired to es tablilh pre= etch= 
ing technique in the blank o the 1nv´e tigation ot various tluids and tnelr 
ettect on etchin& in ;ycrllr own particular proee.e and vari ou. o ther en-o 
gineering angl e8 of ge tting etching into operat lono 

Theretore £) 1 t is the reqtl,(8st of Galvi n Manufac turing that etch­
ing be no t required until at least the firs t  of Oc tobero We haYe done 
ever.ythlng po s sibl e to have our suboontractors etching betore tbat 
timeo ManY' of the cl"')"i) tall that you are ge tting now are etched and a 
larger perc entage of them will be etched in the very near future , and 
we hope to have time to wo rk into thi s thing gradual170 !he earli est 
po s81ble dat e would be October 1 0  and we would l1ke to have more time 
than that it the Signal CO rpl can po s sibly allow 1 to 
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THE CHAIBMANg Wel l p  I think we should s et a dat e like October 1 
i f  there ar e  s everal compani es that have no t go t t en into e tching at 
thi s  timeo 

0 0 0  Off the record 0 0 0  

0 0 0  !.he meet ing adjourned at four twenty= five o 6 elock 0 0 0  



GROUP D IS CUSS ION OF 
CR ...I ( ) /AH A ND ( ) CRYSTALS 

CAPTAIN I> l"OX ,., CHII.IIiIJklN 

1 .  Captain J 6  E .  Fox of A ircraft Hadio Laboratory called 
the mee ting to order at 2 :30 P 0 M An ( copy attached at the 
e nd of the s e  proceedi.ngs ) of the to be d i s cussed was presented 
to the var ious re pre sentative s "  

2 .  During the introduc tory by Capt " Fox, atten­
tion was called to the fac t that the c onfere nce time had be en con­
s ide rably shortened  , and it wou.ld there fore be ne c e s s ary to 
d ispens e with that part of the d i s cus s ion with contrac tual 
and inspe c tion matters . As a was limi te d  
to the S ignal Corps 
tion C75 0 11 - 1944$ 

3 .. The initial dlscuss ion sequence of ac ceptance 
te s ts as pre sented on pages 3 and the outline .. In ans wer to que s ­
tions conc erning the sequence of shown page 3 of the outl ine , it 
was po inted out 

䲚 G  It is neces s ary te s ts in the paralle l 
arrangement s imilar to tha t shown th�3 ou tline in orde r to 
c omple te S i gnal Corps te s ts the same lo t i s s ub­
mi tted . Crys tal uni t lots of to e ach tes t  in 
rotation , as pre s ently lis ted in re quires 
approximate ly hours for c :ircums tance s ,  the 
manufac ture r would whe ther or not 
his submi s s ion was 

].,  It units to the 
arrangeme nt of te s ts ; (See Te s t  No . 3 )  
in order to more cond :itiona /) 

.£ 䲙  It tes ts in the 
m.anner shown on the 
firs t steps in a 

4 .,  It was 7 Page 3 of the 
outline ) could 3 of the 
outl ine ) ,  and additional 
crys tal units otherwise Wash Te s t  
c ould not be in 
ple te the accepta.nc e 
s ame day as s tarte d ",  

5 ..  The sequencE~ of t e s t s  shown o n  page :3 of the ou tline has 
one disadvantage in that it is to find in any one of the 
te s  ts a crys tal unit which may be a reas on other than 
tha.t for wh ich 1. t w'as ÊËor instance an ac tivity failure 
might be found in to Drop Te s t the re by 
c aus ing room for not it should be counted 
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a rej ect for the particular tes t o  

6 0 The sequence o f  ac ce pte.nce tests was revised a s  shown on 
page 4 of the outl ine to el iminate the a.bove described conditiono 
Under this sequence , the entire acceptance lot is firs t subjected 
to mechanical inspe ction and room temperature test  to e liminate 
chance reje cts from oc curr ing in later tes ts o It was pointed out 
by some representati'ves that the present me tho d no v; used in s ome 
plants require s a repla.cement crys tal to be selected when a crystal 
unit is found defective unde r tes t ll  when such defe ct is not a result 
of the tes t  itselfc 

78  D i scus s ion perta ining to s e que nc e of te s ts was suspended 
at this point since further tj,me could not be devo ted to this i temo 
However ,  it was dec ided that the final de c is ions and conclus ions 
would be forvlarded to the manufacturers concerned o 

8 0  The individual acceptance tests were then taken up in 
the order listed in the ou.tlirJ.e " 

9 0  Mechani c al and Visual a.s c O"llfJred on page 5 of 
the outline was discus sed 

.11: 0 It was po inte d out by repres €:lntatives prese nt that 
in addition to the defects listed in the outline , that defec ts 
listed under .fۘ should also include .g fla tsi(· 11 and "poor pIating*" , 
and that defects l i s t e d  under should include lt scratched*tI 
and "gate removal·ͻ n 0 

bo  It waS also th,at the c rystal holder 
d imens ions-shovm in !i'igure Spec ification should 
be corrected to agree with Corps Drawings S C-B­
5999-A and B s ince the s e  bas is under which the 
present CR-l phenolic holder was It wa.s agreed that a 
deviation would be allowed in t.h is re s pe c t o  

'£ 0  Representatives lvere informed tha.t defect 
s tandards for external and inspe ction of crystal units 
would be set  up in each contractors plant as rapidly as poss ible 
in order to achieve uniformity of inspe c tion in each individual 
plant as well as between the var ious contrac tor U s  plant::;;,,:> 

10 ., Spurious Fre quency 're st (䳑oveI'ed on page 5 of the outline 
was di scu s se d at some l ength , and it was generally agreed that the 
present form of test for spur:tous was somewhat inaccurate 
and not ade quate for the purpos e  <$ inve s tigation will be 
conduc ted by A ircraft Ead io Laboratory and the ma.nufac ture rs in an 
e ffort to develop a definite and ad.e quate tHS t  for the purpose . In 
the meantime , the requireme nt will s till be le ft in the specification 
and the present tes t  now in use will be c ontinued 9 but rej ection of 

'*See footnote on Page 5 of attached ou tline o 
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submiss ions will not 

II . Drop Tes t ,  
were discussed i n  the 

,!.e  In 
was reques t.ed 8,S 
be used in the 
agre ed that 
that the use of 
of tests in the 
that the proposed method 
line , eliminated for the 
temperature 

Ee  In rfalation 
erratic change s in 
be caused by dirty 
ins tance s of this sort 
and placed into hQldt3rs 

12 u 
covered in some 
concluded that:: 

over that 
would re sult 1n a los s 
s ince such units 
in order 

12 ۗ  
the c rystal 
would be 

imposed on 
now in 
ne c e s s ary 
problem . 

Signa.l Corps 
the crys te.l unit 
me asured 

1.3 (0 The 
outline we re not 
However , an open 
ing brought up 

( Continued ) 
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and Inte rnal Inspection 
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purpose provided 
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Group Discussion of CR-l ( )  /AR and DC-ll- ( )  Crystals ( Continued)  

immersion test  had caused a lowering of frequency in some Crystal Units 
FT-243 placed under test  in his plant although such effect was not 
noticed in Crystal Units CR-l ( )/AR made at the same time . Since the 
phenolic of the FT-243 unit was apparently at fault , it was suggested 
that this condition be referred to the Camp Coles Signal Laboratory 
for final comment. 

Ee It was also pointed out that high humidity conditions 
were caus ing some difficulty in temperature runs at one plant, result­
ing in some good crystals appearing as rej ects . This condition, ac­
cording to the manufacturer , was due to moisture absorption by the 
various phenolic insulators used in the temperature box. Silica j ell 
as well as various other means had been tried to remedy this condition 
with no great success . According to the manufacturer ,  continuous 
temperature run recordings of rej ects obtained under the above condi­
tions showed that most  of the rej ect units were good . The manufacturer 
sugge sted that all Signal Corps temperature run re jec ts be subjected 
to  additional continuous temperature run tests in  order to  definitely 
determine the exact condition of such units o It was suggested by 
A ircraft Radio Laboratory that the manufacturer use better electrical 
insulating materials in the temperature boxes as a means of minimizing 
such conditions . The use of continuous temperature run equipment as 
a final check was taken under consideration, though it was pointed out 
that the use of such a test would extend Signal Corps tes ts way beyond 
the time requirements allowed . Further investigation of this condition 
will be carried out by Aircraft Radio Laboratory before a final deci­
sion is reached.  

14. At  the conclusion of the conference , it was decided that 
since the time allotted waS insuffic ient to thoroughly discuss the 
various problems covered in the outline that Aircraft Radio Laboratory 
would forward at a later date to the CR-l and DC-II manufacturers con­
cerned an analysis of the final decis ions and conclusions obtained o 
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FAREvmLL AND ADJOURN 

COLONEL LESTER J .  HARR IS 


D IRECTOR , SC IA 


THE CHA IRMAN: I would like for j us t  a few minutes to ask Maj or 
Swinnerton to say a few words before we adj ourn . 

MAJOR SWINNERTON: Thank you , Colonel Harris . I have three things 
I want to say and I will try and say them brie fly . You haven ' t  had much 
pre s sure from any direc tion that I am aware of on the conservation of raw 
material . That is , quartz . You are going to ge t some shortly. 

The second thing is that the Crystal Section of the Office of the 
Chief S ignal Officer is propos ing to issue , I hope within the next thir­
ty days or s oone r ,  if it can be done , a supplement to the manual on the 
subj e c t  of etching to frequency . 

The third thing I have in mind is to voice the appreciation of 
the Office of the Chief S ignal Officer and the Quartz Crystal Sec tion 
to the Inspec tion Agency , and that means you , Colonel Harris , and all 
of the assembled manufacturers here . We wish to expre s s  our apprecia­
tion of the cooperation that has gone into making this conference 
pos sible . (Applause ) 

THE CHA IRMAN: It has been a swell time . We have had a lot of fun . 
We have done a lot of things and you antic ipated the roll call thi s  
morning and you didn ' t  ge t it and you were disappo inted . All we d id 
was hang that over your heads . If you weren ' t here , you were to be 
marked absent .  That was all there waS to it.  All of you were here , 
including myself and it was bad , because I mis sed my breakfas t .  I 
didn ' t have a thing until noon. That wasn ' t  good . 

I hope you will all go back feeling like it has been a wonderful 
thing and the succe s s ,  if the re is a success , I think , was due to the 
work of Mr . Wavering , (Applause )  Mr . Saue r , (Applause )  Mis s Hooker , 
(Applause )  Lieutenant Rittenhouse , (Applause )  and all the rest of them . 
All I did was to read what they told me to . I had a swell time doing 
it and le t t s  work toge the r and let t s  cooperate and let ' s  ge t the j ob 
done • 

• • •  The meeting adj ourned at four forty o ' clock • • • 
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1 0  Q!:g§:ni!§:!:ions yo_be reEre sY 

Re!ill5mfJ iJ?1:1i t:i ,!q!:�J2J;@!J"J�Q!::2$LQrIDilliza,tio!1�r.!:i£#.1ig,g 
Confer«?Tl,ge£, 

OU TL INE USED IN GROUP DISCUSS ION OF 

CR-l ( )/AR AۺID DC -ll- ( ) CRYSTALS 


䲗 o Crys tal Manufacturers , Crystal Unj.ts DCOll and CR=l O /AR • 

.E o  Dayton S I gnal Corps Procurement Districto  

£'0  Aircraft Ra.dio Laboratory .o 

g o  S ignal Corps Inspe c tion Agency E 

The purpose ()f' this conj#erence is to hold an ope n discus s ion 
concerning contractual 9 problems and S i gnal 
Corps Acceptance Tes ts performed under the A o 䲘 L S c. Spe c i.ficatlon 075 .. 11 ­
1944& 

'1'h6 ob,ject of this confere nce :.is to of t.e s t. ,  
uniformity of product and Units 
CR-l ( )JAR and DC-l1 ( )  () 

problems to 

Open discussion of me thods jI quality 
control program and problems 

Open discus sion ()f pe :t'formed 
unde r the A oW o S " Specific ation 

Open di scus s ion P 

1 . 
in 

䲗 o  T.he Dayton Sj,gnal PrOCU1"ement. Distrj.ct. is re spofls i ble 
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Laboratory 
( }/AR 

Outline Used in Group D is cus s ion ( Continue d) 

for i s suing contrac ts for crys tal units for the A.rmy A ir Forces and for 
pass ing final approvals on any technic al or other changes in the conQD 
trac t which might affec t  the cos t of the units or which might caus e de ­
lay in delivery o 

12 0  The A ircraft Radio Laboratory is respons ible for setting 
up the techr,dcal requirements and spe c ifications ne ce s sary to mee t  the 
military characteristics reque s ted by the Army A ir Forces o  Other func­
tions include conducting pilot runs , deve lopment and inve s tigations of 
manufacturers U reques ts for te chnical dev i.ations Q 

䲔 o  The S ignal Corps Inspection Agency and its Zones are 
respons lble for tes ting the produc tion crys tal units and for the main ... 
tenance of the quall ty level re quired by the specific ation, as well as 
the quality leve ls and requ irements es tablishe d  during the pilot runc 

a ('>  Aircraft Radio :ls endeavoring to obta.in a 
production 

-
crys tal unit of the CRƾ"l type which can be sUb.iected 

to quallty control m{䲖th.oda of inspec t.ion the use of ,aeeurate s ampling 
procedure s 0 To atta:Ln sueh an end , it is ne cessary the production. 
crys tal unit.s be of uni.form qua.lity and that the tes ts be of' a uniform 
nature <l' The confELrence di.scuss 1.011. is intended to for an 

good 

exchange 
of ide a,s between the S ignal Corps 8.nd 'the Cont.ractors as well as between 
the Contractors thems el-:.res re lative to the improvement of manuf8.¢;;;turing 

-me thods J increas ing the accuracy of ac!Cept£flllCe teF.$ts and modification of 
present t.es ts as based on experience with the A 0 spec ification in. 

plants to date .., 


12"  In orde r to expedi.te the progre ss of the confe rence 1) since 
the time a.l1otted is short )) the A ir(Ȫraft Hadio Laboratory has outl il1ed 
below a description 01"" the various acce ptance tes ts , d:i.fficulties ex"" 
perienced. in tests 䲕 and. correctlve me asures proposed " It ls des ired that 
the contractors and manufacturers cons ider c arefully the se propossls 
s ince comments and ques tions will be solicited durillg the conferenc9 o  

'£ Q  The de s irability of manufac turers o ffering sound cons truc­
tive cr it.ic isms cannot. be emphas i zed too s trongly " Such comments and 
cr iticisms by t.he manufacture rs and the S ignal Corps will materially 
aid and as s is t  in the formulatj.on of s atisfac tory acceptance tes ts during 
the short t:i.me available o 
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1000 Units 
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Replace 
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I 
Test No . 1. 

Replace 
Defec tives 
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Tes t No . :3 

a o  Drop 
b. V ibration 
c .  Seal 
d. Inte rnal 

Inspe c tion 

Re cord 
D e fec tive s 

S ample No . 2 S ample 	 No .. 3 S ample No . 4 
I . I 	 I 

Te s t  No . 4 Te s t  No . 6 Te s t  No . 7 

Re c ord 
D e fe c t ives 

Re c ord 
De fec tives NOTE : 	 D e fec tives are re corded 

for bas ic te s ts Nos .. 1 to 6 
and allowable number of 
failures are spe c ified for 
each bas ic te s t .  
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( a ) Drop 
( b) Vibration 
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( d )  Internal 

Inspection 
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Record and 

Replace 
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T e s t,  No 䲑 6 

TEMPEfiATUHE RUN 

( a )  :{l"'requency 
( b) S tarting 
( c )  Actj.vj.ty 

Record 
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INSPECI!QH RETA ILS 

 nica1 1{ÖsuiL!B!!ru!ct!2nە

Nomencla×ure and ۔requency Marking: 

§purious Freguency 

Outline Used in Group D is cu s s ion ( Continued) 

1 .  and (External inspection of crys ­
tal unit) 

䳮. This test as now performed under the American War S tandards 
S pe c ification C75 . 11 - 1944 1s unsatisfactory in that inspection is subj e ct 
to varying opinion judgments by the S ignal Corps Inspectors . Thi s  results 
in non-uniformity of inspection between plants and between inspec tion zone s  . 

ۖ. To corre ct the above condi tion , it is proposed that models 
of representative defect s tandards be established. Suffic ient models of 
e ach type of detect will be selec ted to establish a graduated range of bad , 
borde rline , and good units . The se models will be photographed and us e d  as 
a basis for se tting up other s imilar models in the various plants during 
the pilot run. 

c .  Detec ts to be cons idered under Mechanical and V isual In­
spection are as follows : 

tolerance 

b1istered* , out 

Pins:  
Bent , loose ,  corroded*, out of 

C as e :  
Warped* , cracked , chipped* , porous * , 

of tolerance . 

Gaskets :  
Undersize* ,  overs ize * ,  torn* . 

I1Iegib1e* ,  Incorrect , Incomple te , poor prote c tive 
coating over marking . 

Sc rews : 
Corroded* , loose or missing , badly burred* , s crew we lls 

not sealed *. 

g. One test failure will be allowed for each type of defec t 
found in the thirty units inspected . Two tes t  failures of the s ame type 
will rej e ct the lot .  

2.  Test: 

A. It has been the experience of Airc raft Radio Laboratory 
that the test for spurious frequencies in crys tal units is not an ade ­
quate te s t  for the purpose . Present methods of testing have inherent 
di fficulties in that the te st may or may not repeat depending on the 

*Models will be s elec ted for tho se defec ts marked with an * 0  
D e fe c ts not so marked are self-evident . 
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( 1) 

Outline Used in Group Discuss ion ( Continued ) 

particular temperature at the time . Inves tigation will be c arried on 
to de termine whe ther or not an accurate and de finite tes t  can be devel­
oped for the purpose o In the me antime , the te s t  will be carried on in 
the normal manner by S ignal Corps inspe ction personnel.  The results of 
the spurious frequency tes ts will be forwarded to A ircraft Radio Labora­
tory , and where condi tions indicate that a manufac turer is not doing a 
good j ob ,  investigation will be made by this Laboratory o 

E Q  Comments are invited from manufac turers as to causes of 
failure and corr ective action normally ins tituted or c arri ed out in 
plant procedure ., 

3 0  T e s t  
Yibr.!!."!!io!LTe§,ˊ 
Seal Tes t  

䲏 o  I t  has been found desirable to c ons ider drop te st , v ibra­
tion te s t ,  seal test 䲐 and internal inspec tion as a group tes t  s ince the 
re sults of such tes ts bear a definite relationship to e ach other ., The 
te s t  will be made on thirty (30 )  crys tal units of which not le ss than 
ten will be opened for internal ins pe ction " 

] "  Present methods of runn i.ng the drop tes t  and vibration 
te s t  prov ide results wh ich are not alway s uniform due to the fac t that 
s ome c rys tal unlts exhib:i.:t room temperature ac tIv ity dips which may 
c aUse e ither Shtirp or s low changes in ac tivity well in excess of ten 
percent of the initial valu9 0 

,g o  I t  i s  proposed that the drop and vibration tes t be made 
in the following manner: 

Cull out all crys tal units which obviously exhibit 
uns table act.ivity value at room temperature  , and replac e with s table 
units to obtain test group of thirty ( 30) units ., Measure the frequency 
and ac tivity of the uni ts , run drop tes t  and vibration te s t I  record 
ac tivity and frequency in e ach c ase , and mark crys tal units , hav ing 
changes in activi ty and fre quency in excess of ten ( 10 )  percent and 
0 002 percent respe ctive ly o 

(2 )  Open marked crys tals after seal tes t and i f  any 
units contain the following defects " i t  s hall be re corded as a de fi­
nite drop tes t  or vibration te s t fai lure : 

( a )  Air gap le ss than 0 0003 inches 0 

( b) Spring pressure le s s  t.han 2·t lbs 0 

( c ) Fore i gn mate r ial in holder cavity or between 
elec trode s *"  

'*H.eference defect s ta.ndards will be e s tablished "  

"" 6 ­
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Outline Used in Group Discus s ion ( Continued )  

( d )  	 Poor electrode s *  

( e )  	 Oscillator plate under s i ze 1 over s i ze , having 
chipped or rounded corners , or badly out of' 
s quare * 

( 3 )  Two re .j ects will be allowed for drop te s t  and v ibra䳷 
tien te s t  cembined 䳸 

.9 () Se al te st will be ma de loni z (;,tion or water immers ion 

method until suffic ient ioni ze.tion equipmen.t is availa,ble ji after which 
all s e al te s ts will be made the ionization me thod . The te s t  will 

be made on th irty (30)  uni ts and one te is t  fs.ilure will be allowe d 0 

,䲌 . Internal not been s atisfact.ory when left 
on an opinion bas i s  . There fore , defect s tandards will also be set up 
for this inspecti.on in the same manner a,s for the inspection of 
the holder .. One tes t. of e ach type will be all owed " (fhe minimum 
sample will be ten uni.ts rHore may b<:3 taken and vibration 
tes t  cull out more than ten unit s  a Defects are listed below: 

oil or contains 
or broken contac t 

or flash*' ,
"'" improper 

dl.mel"W 

overs ize* :1 frac tured.1i· ʨ rIIB. terial 
on plate edges , edge chips or
scratches ·;)HE l!. , c orne r no t 
rounded "  

alr g8.p 䲍 poor corroded*  ۓ

i I) Under th�;: above group te s t  of , seal and in­
ternal inspe ction not more two t.es t failure s  will be permitted for 
drop and v ibration te s t  , :no t more than one tes t  fa.ilure for seal 
te s t ,  and not more than om:ۧ tekrt fa,:ilure of any ()n(䲎 under internal 
i nspe c t ion " 

**W ill no t be 'where requi reme nts are 
under effec t"  will re cord data and forward to 
A ircraft Had ia action " 

http:fractured.1i
http:inspecti.on


Outline Used in Group Dis cuss ion ( Continued ) 

A. Pres ent full load test under A .W .S . Spe c ification C75 . ll -

1944 doe s not provide adequate tes t  conditions for crys tal units having 
frequencies over 7 . 8  megacycle s as related to the equipment in which the 
crystal unit must operate o 

E. It is proposed to run an overload test at room temperature 
based on increas ing the voltage across a c rys tal unit in the S tandard 
S ignal Corps Tes t  S e t  AN/TSM-l by 20 percent ( base d  on the low coil) 
over that obtained by the s ame crystal unit os c illating at peak activity 
in the same test s e t .  Te st will b e  made o n  crys tal units of every fre­
quency manufac tured o 

£ 0  Thirty crystal units will be tes ted and one tes t failure 
will be allowe d .  

ۦ .  The initial results obtained o n  early pilot runs under 
ac ceptance te s t  temperature runs based on the A .WoS . Spe c ific ation 

-C75 . l1 1944 was highly uns atisfactory to both the manufactuers and 
the Signal Corps e S ince that time the c orre c tive ac tion taken by 
most manufac ture rs has brought quality level to an acceptable value o 
Corre ctive ac tion found nece s s ary at the time included the following: 

( 1 ) Improved temperature correlation of temperature 
boxe s and c ontinued maintenanc e of such correlation with espec i al 
reference to temperature and points o 

(2 )  Improved activity and freque ncy c orrelation of 
osc illator c ircu its and continued maintenanc e of such correlation. 

(3 ) More uniform operation of temperature boxe s by 
supervis ion of operators and by use of automatic rej ect mechanisms o 

(4) Se tting manufac turing levels for frequency and 
activity to values suffic ient to insure acceptance in S ignal Corps 
tes ts ., 

E o Other factors which have been , or which might be re­
spons ible for rej e cting good crys tals or pass ing bad c rys tals during 
a temperature run are as follows : 

(1) Non-s table osc illator due to tubes or components .  

(2 )  S ticky activity me te r o 

tes t  
( 3 ) 

oscillator o 
Poor voltage regulation tubes in temperature 

(4)  Uns table crys tal standard in temperature tes t  
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Outline Used in Group D i s cu s s ion ( Continued) 

osc illator or crys tal s tandard not warmed up suffic ie ntly before tem­
pe rature run o 

( 5 ) Production crys tal uni ts under te s t  having some drop 
tes t  or vibration tes t  failures pre s ent" Vibration of crys tal on tem­
perature wheel may caUs e activ i ty or fre quency failure during tempera­
ture run .  

( 6 )  Bad hum id i ty c ond itions i n  tempe rature box and use 
of insulating material hav ing high mo i s ture abs orption properties Q 

(7)  Poor c ontac t  r e s i s ta nce at temperature box contac ts 
or var iation of contac t res is tance ȑ 

(8 )  Use of alti tude te s t  immed i ately prior to tempera=­
ture te Ä3 t  .. 

( 9 )  Variation in and fre quency read ings due to 
poor line voltage regulation in and du.e s ome times to merely 
s wi tching heat tt off" and t, on" in tempe rature box " 

( 10 )  Non-e tched or e tched c ry s tal uni ts 
are apt to e xhibit ac tiv ity and during the tempera"'" 
ture run o  

( 11)  uni tEt 'whi«::h contain drop tes t  
failure s may ta s t and accept .... 
ance tes t due 

£ 0  It is proposed acceptance tes  t for temperature run 
a.llow two tes t  i n  ea,ch g:roup of thirty ( 30) units tes ted P}3T 
one thous and ( 1 , 000) unit Iot a 

( 1 )  Under the .Ȓ£§..t two of the thi r ty ( :3 0  ) 
un its under tes t  as low a s  (1 20 rn a  f o r  freque nc ies 
be low 7 Q 8 me ( ,, 18 rna .for fre quenc i e s  above 7 0 8  me ) and the remaining 
twenty-e ight ( 28 )  crys tal un i ts may fall as low as Q 2 5  rna for fre ­
quenc ie s  be low 7(1  8 mc ( 0 20 rna for frequenc ie s above 7 G 8  mc ) "  Any that 
fall below the above :r'equ irements shall re qui re re j e c tion land retf3st 
of the submitted lot .. 

( 2 )  Unde r the ac ce ptanc e te s t  two of the thirty (30)  
units unde r temperature tes t may e xceed fre quency tolerance by two 
hundred (200) C " P 9 S  䲋 The rema:ll1ing twen,ty-e ight (28) crys tal units 
shall no t e xe e ed the tolerance 11.mits o Any that exceed the above re ­
qu irements shall requ ix'e re j e c tion and re te s t of the lo t o 

g o  A c c eptance tes ts will be made us ing a tuned plate oscil­
lator , c orre la ted e qu ivalent to S tandard Crys tal T e s t  S e t  AN/rSlv1 ...1 ,  
for the temperature te s t ..  Me asurements o f  both ac tivi ty and frequency 
will be made at. half ac tivi tY Ill 
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Outline Used in Group D i scus s ion ( Continued)  

§ o  The immers ion tes t  as se t up in the A .W . S . Spec  ification 
is inherently a des tructive tes t ,  that is , it results in a c rys tal holder 
wh ich is no longe r us able . The te s t  also re sults in damage to the nOQ 
menc lature . Pilot run data als o  shows that frequency and ac tivity readings 
are apparently of no value in thi s  tes t .  

E o It is , there fore , proposed that only ten units per one 
thousand ( 1 , 000) unit lot be s elected for th is te s t  and that no re quire ­
me nts be es tabl i shed as to adherenc e of nomenclature under these condi­
tions . 
lY e 

Tes t  requirements will be bas e d  on a res istance measurement e ntire = 

tes ts o A 
C o  One 
failure 

tes t failure will be allowed in each ten ( 10)  uni ts 
is de fined as any unit in which the re s i stance drops 

be low two hundred ( 200) megshons o 

䲗 .  The c leaning tes t as now c overed in the A .W QS o  Spe c  ifica­
tion C75 0 11 "" 1944 will apply Ǳ The frequency increase of the crys tal 
unit aft er subj e c tion to the c le aning te s t  s ha.ll not e xc e ed ,, 006% of 
its nominal or rated fre quency c 

E G  None of these units will be subj e c ted to inte rnal inspe c ­
t ieD " 
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