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with Co determined to an accuracy of one pa rt in 101 for 
diameter ratios of O.t to 0 .95. (~ote that numerical errors 
'in Smythe's ea rlier paper arc corrected in a later paper}) 

In Fig. 1 we compare the various expressions for F 
. by plotting (F - 1) as a function of (dl D)3 on loga rithmic 

coordina tes. Also shown is the semiempirical equation 
presented by DeBlois and Bean as the best fit 6 (at small 
diameter ratios) of their experimental results, 

(6) 

This figure shows that (1) Smythe's numerical results 
Fs agree well with the experimental data F6 at small 
(dI D)3; (2) DeBlois and Bean's limiting theory F4 does 
not coincide with F5, as (![ I D)3 --+ 0; and (3) F3 converges 
with the numerical results as (ell D)3 --+ 1, the error being 
less than -8% in F at (d/ D)3 =O.86. Table I compares 
representative F values obtained from Eqs. (4)-(6). 

Smythe also presents calculations for spheroids of ec
centricity t (prolate) and 2 (oblate), the axis of revolution 
coinciding with the pore axis. His results are unreliable 
for the prolate spheroid as (dl D)3 --+ 1 because of con
vergence problems; however, in this region one can use 
the results obtained from an area integration [the basis 
of Eq. (3) J to obtain 

(7) 

where d is the diameter of revolution. One can show' 
that any potential function ir that is continuous in vir 
and equal to the exact solution <P far from the particle 
will give rise to a curren t distribution which has an 
energy dissipation greater than or equal to that of the 
true solution. Thus, the exact solution <P will give the 
maximum resistance (i.e., F), and hence, Eq. (7) will 
always be smaller tha n the true solution, converging to 
the true value as (ell D)3 --+ 1. [For an oblate spheroid of 
E=2, Eq. (7) yields a value of F only 5.3% below Smythe's 
numerical result for d/ D=O.95 .J 

Finally, mention should be made of the assumption 
that the particle (spheroid) travels on the center line. 
Happel and Brenners sta te that there is no preferred path 
for a particle traveling through a pore, and because of 
Brownian motion, the exact result for F must include all 

TAIlLE 1. A numerical comparison of the theory of DeBlois and 
Bean F, with Symthe's an:dysis F., and DeBlois and Bean's tit of 
their experimental results F,. 

(d/DP F. F~ F, 

0.001 1.001269 1.000797 
0.005 1.006369 1.0()'!003 1.0036 
0.010 1.012797 1.003055 LOOn 
0.050 1.066325 1.().!Ii2S 1.036 
0.100 1.14 1.037354 1.073 
0.500 2.31 1.686712 1.36 

orientations and radial positions for the particle. How
ever, Fig. 1 indicates that th e analytical model (Fd 
describes the system reasonably well, at least for spheres, 
for which there are no orientation effects . 
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Subnanosecond Switch for Use in 
Shock Wave Experiments* 
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A SUBNANOSECOND selenium switch has been de
veloped for use in shock wave experiments (set: 

Fig. 1). Bulk selenium makes a transition to the metallic 
state at a pressure of 128 kilobars, with a ·resistivity de· 
creasing by a factor of about lOll from the vallie :it 

atmospheric pressure .I ,2 A shock wave traversing the 
selenium film in a direction normal to the fi lm induces the 
transition. 

lo.38 em 

15.25 cm -------- -1 
t \\ , .. " - ' ~@ff-. J-, \ 

MICA 13 micron. 

~~~~G~OLj~t==ELENIU==:JM ~ 
5 000-10 000 A 5 000-10 000 A 

COPPER 
5 000-10 000 A 

FIG. 1. Construction of the selenium switch. 
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rIG. 2. An electrical circuit 
used to test the selenium 
~\\'itch. 

SELENIUM SWITCH 

0.001 pf 

550 

T50/N 125 ADAPTER 

TEKTRONICS 
519 

OSC ILLOSCOPE 

We used vacuum evaporation to deposit the selenium 
and metallic leads onto mica. Connection to the selenium 
was made with gold to avoid unwanted chemical reactions. 
The switches were tested to 20 kV under oil, and when' 
failure occurred it was in the region where the leads were 
soldered. The switch, used successfully in high explosive 
experiments, will withstand several kilovolts in air at 
atmospheric pressure. 

The electrical circuit used to test the switch is shown in 
fig. 2. Most components were enclosed in coaxial con
figurations to minimize circuit risetime. Coaxial cables with 
so n impedance were used. This circuit is similar to circuits 
commonly used with shorting pins and switches, but has a 
higher voltage source r 1 and the additions of the source V 2 

and a rectifier. Since the circuit risetime is insensitive to 
the peak voltage, a gi\-en signal level will be attained more 
rapidly with greater voltage. The signal applied to the 
u-cilloscope was limited by diode action. The diode pro
\'ides clipping of the high voltage pulse generated by switch 
dosure and determines the signal decay time. The diode 
wed was a Semtech silicon rectifier rated for -15 k V peak 
inverse voltage. Yoltage source V2 provides a variable 
forward bias for the diode . The peak signal voltage is 
aJjustable to values greJ.ter than a few volts. 

An oscilloscope record (Fig. 3) was obtained in an 
impact experiment using a 0.90 caliber gun. In this case, VI 
Was 1 kV ami V2 was 36 V. \\,ith suitable calibration, the 

I 
t 

l 
FIG. 3. Tektronix 519 oscilloscope record. Deflection factor, 9 V/ div; 

sweep rate, 5 nsec/ div. 

arrival time of the signal can be determined to within a 
fraction of a nanosecond. Time intervals can be determined 
with subnanosecond accuracy by displaying two signals on 
a single oscilloscope. 

* Work performed under the auspices of the U. S. Atomic Energy 
Commission. 
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(l\.1cGraw-HiU, Xew York, 1963), p. 378. 
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THE object of the research project here reported upon 
was the vapor deposition of aluminum films in the 

best vacuum obtainable, given reasonable limitations on 
the modification of an existing vacuum system and on 
total processing time required to obtain the final vacuum. 

The oldest and probably most common technique of 
vacuum evaporation of aluminum is the evaporation of 
the metal directly from resistance heated coils or wire 
baskets. But molten aluminum, unfortunately, alloys with 
the refractory metal and also flows over its surface erratic
ally so as to produce filament thinning, hot spots, and 
resultant gassing. Only a vacuum on the fringe of the 
ultrahigh vacuum was obtained with this technique. 

A new approach, emphasized by the presence of a 
number of commercially available systems, is to heat the 
aluminum or other metal directly by a well focused 
electron beam of . several kilowatts power. Although 
attractive, these systems were too bulky and also too 
expensive for present purposes and budget. 1-Ioreover, it 
seemed possible that a better vacuum could be obtained 
by designing for a lower power requirement to produce 
less gassing. 

The design eventually settled upon is a hybrid configura
tion with special provision for insertion of charge subse
quent to outgassing of the heaters. 
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