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Squaring both sides, and using the dC(lllition for v, = L/r= 
2-trjrL, we obtain after some cancellation 

2W/ <AL=E'. (7) 

Recogn izing AL as the volume of the specimen, we have finally 

(8) 

whcre U is the energy dcnsity within thc mal erial. 
We sec, therefore, tbat Eq. (I ) is simply a restatement of the 

energy-density conserv~tion law for electrostatic fields , that is, 
the maximum elect rostatic energy density which can be sustaincd 
h)' a material without breakdown is given by (8) in terms of the 
material constant < and thc diclectric hreakdown field E. 

The fact that th is, perhaps, is an obvious result should not 
detract frorn its implica t ions, since Eq. (1) which is a conscqucnce 
of it (as a rc the morc fami liar gain bandwidth relations) is quite 
useful in choosi ng among altcrnatives for invest igation . 

I J. M . Early, IRE Trons. Electron Devices ED-6, 322 (1 959) . 
' .I. M. Early . IR ~ National Convention, Part .~, 60 ( 1962). 
• J. M. Goldey and P. M . Ryder, International Solid State CircuiLs Con-

ference, February 1963. 
' E. O. john.on and A. Rose, proc. IR E . 47, 407 (1959). 
• E. O. Johnson, RCA Rev. 26 , 163 (196.1) . 
6 Th e dcrivnlioll , which among olhcr factors involves the compu tn t ion of lhe 

maxi nlUm current lhat can be sustained in a t ran~islor, is open to some question 
since it assumes that base widening is the contro1ling fnc tor. In that evaluation, 
the collec tor depletion-layer t ram-.i l lime j!, set cqu lli lo the avcrn~e transi t 
time from emitter to collector, which along with some other assum ptions is' far 
from the tru th. Howe\,er, it gives the correct form of the dependence if not the 
absolute value. 

7 B. C. DeLoach. in Advances ill Microwaves , Leo Young, Ed. (Academic 
Press Inc. , New York), in press. 

Experimental Verification of Pressure Enhancement 
by Encapsulation* 

JAMBSA~ 
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(Received 11 Novembe~ 

In this nolc we repor t experimental results which verify the 
prcssure enhancement by encapsulation previously suggested I 
on theoretical grounds . The eXJleriments consisted of COll1paring 
the occurrence of a pressure- induced change of stale in encap-
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FIG . 1. Charge released from poled ferroelectric ~amt,lcs (hiring th e prCSburc
induced transition from the ferroelectri c stale to the ant;f('jruclcclric state. 
The eI;capsulated sample (dotted curve) deroleu at a lower prcs>ure due to the 
pressure-enhancing effect of the encapsulation. 

sulat ing thc other sample). In all cases, the encapsuiatcd sample 
discharged at lower applicd p ressures than the unencapsulated 
sample. 

Although a numerical comparison bctween theory and experi
mcnt is limited by t he lack of accuratc data conccrning the 
elastic parameters of the materials, calculations with est imated 
values' predict the pressure enhancement should be bdween 10 
and 20% . The Poisson's ratio of the encapsulating material is the 
controlling factor in the calculation of t he cxpceLed cnhancement 
[Ref. 1, Eq. (7) J. and greater enhancement would havc becn 
encountered in these experimcnts if an encapsulatir.;: material 
with a low Poisson's ratio had bcen used. The fact tha t a pressure 
enhancement of approximately 15% was oh:;e rved even with a 
high Poisson's ratio cncapsulating mate rial such as cpOX)', em
phasizes the potential importance of the efiect to high-pressure 
cxpcriments. Encapsulation cffects arc an inhcr<.:nt pa rt of all 
expcriments at very high pressures or low tempcrature, in which 
the prcssu re medium is a solid. Consideration of these effec ts 
should hc included during the intcrpretation oi the pressure
induced phenomcna, as wcll as for an accurate pr<':SSlirc calibra
tion in such cxperiments. 

Thc author r;mtefully acknowledges thc technical assistance of 
I!. E . Hammons throughout these experimcntb. 

sula ted and unencapsulatcd samples. The sample material chosen • '1'1' k l d b .1 V" Ato . I' r' .. 

h
' ..., . ~ 11 5 wor was supp~r c ~ /,..lIe .0>. IlH(; ~nc.rt£Y.. ..... v.nmw.!oolon . 

for t IS ~tudy . was a ~e~rocleclnc ceramlC,- wl\l<;h undergoes a . A. ~orll nn'd W. E. Warren, J. Appl. Phys. 36 , .l65S (I'J~5). ~ 
pressure-ll1duced transit ion from the ferrnelcctnc state to the 'Pbo:;;NliO.01['(Zro ... ,no.,.)o .... rio.OOTo."O,. 
antifcrroc1cctric statc at a pproxi ma tely 40000 [lsi. • The el)Oxy used was" 100/20 mixture of llysol 6020 l'e,in ailll AX hardener, 

Two spherical samples were ground from a single billet of which cures at room temperature overnight. 
the ceramic and elcctrodcd to fo rm capacitors. One of the samples • Vsing the notation of Ref. 1: N=l ; ~=O.24; '1 "'0.12; :.nd 0.40< v<OA6. 
was encapsulated in a n epoxy3 sphere and the samples mounted These values were estimated [rom rough measurement> on the epoxy and as-
in a hydrosta tic pressure chamber fo r simultaneous testing. The suming the compressibility of lhe ceramic to be 6.0XIO-'/kbar. 
samples were then poled in the ferroelectric state by thc applica-
tion of lOOO-V dc, which placed a bound charge of approximatCly 
1 I'C on each sample. The fluid p ressure in the chamhcr waS then 
raised at about 800 psi/sec and the charge released by the pressure
induced transit ions of the samples recordcd on a dwd-pcn auto
graph. The horizontal axis of the autograph was driven hy a trans
ducer monitoring thc pressure in the chamber. 

Figure 1 is a rcproduction of thc data rccorded hy the auto
graph during a typical experiment and displays a pressure en
hjltl~\lm(lIlL vI ll]1pl'Qximatcly 1.5% due to tho cncapsulation. 
During the experiments, the zero points of the curves were 
arhitrarily displaced vertically for clarity and slightly displaced 
horizonta lly by the two-pen arrangemcnt of the autograph. To 
verify that the elTcct observed was due to the enclljlsulation, sev-

. ernl variations of this cxpcrimen t wcre pcrformed (including 
rcmoving the epoxy from the encapsulatcd sample and encap-

Effect of Aluminum Doping on the Fluorescent 
Emission of CdS* 
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Lawrc,,,e Radialia" Laboratory. U"jt~ersity oj Cali/orllia, Li~crm()u. Cali/Ofilia 
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This communication deals with an examination oi the low-telll
pcrature fluorescence of single crystals of CdS that wcrc <loped 
with small amounts of aluminum. Phosphors made by relati\'ely 
heavy doping of CdS with aluminum, as well as other group lH 
metals, have veen investiga ted in the past. I Howe","r, doping 
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