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INTRODUCTION. 

In the course of the investigation on the dispersion of supersonic 
velocity in gases and vapours now in progress in our laboratory, it 
became necessary to know the absolute frequency o[ the quartz oscillators 
used, under the conditions of the experiment. 

A good deal of the confusion in the literature about the anomalous 
dispersion in gases, is due to the fact that the quartz oscillators, which 
have been employed in most of the researches, possess SpUriOUS oscillating 
frequencies within as much as 1 %. In the experiments conducted by the 
author it was found necessary, (as shown in Part I, This J ournal21A, 
245-271), to make alterations in the valve oscillator circuit, such as the 
change in the anode coupling and variation of grid bias etc., in order to 
get a good wave form. Further, the quartz oscillator was heated to 
different temperatures during the experiments. It was found that 
whenever the crystal possessed nearby frequencies, one was stabilized at 
room temperature and the other was strengthened at higher temperature. 
The anode coupling, grid bias, etc., produced similar effects. It was also 
found necessary to plate the quartz oscillator, in order to solder a thin 
wire lead. This affected the frequency of the crystal appreciably. Most 
of the preliminary work of the author was done on the assumption that 
the effects produced by the various factors given above were negligible, 
and that the frequency of the crystal could be determined by measuring 
the wave lengths in air under known conditions. However, the latter was 
found to vary appreciably during the course of the numerors experiments 
and there was also the vexed question of tube dispers:on. It was, 
therefore, fourld essential to have a frequency measuring apparatus which 



croulcl give accurate values for the absolute frequency of the crystal 
oscillators at  the tiine of mea3uring the wave lengths. 

The  accurate determination of the frequency of an electrical 
oscillation is a measurement often required in the laboratory but one that 
is rarely undertaken withont the use of elaborate apparatus. Frequency- 

meters of thc Campbell type for audio frequencies, and carefully constructed 
wave-meters for radio frequencies, are of use in man!. cases, but their 
calibration is apt to  vary. particularly during transport, and they cannot 
be relied u ~ o n  for mnch greater accuracy than 1 part in 1000. 

It is very necessary to employ a method of frequency measure- 
ment which is independent of outside calibration, and for this purpose the 
Iiarmonlc multivibrator as developed by the late Dr. Dye and others, has 
proved to be of the utmost r.a!ue, and has heen recently installed in the 
Standardising Idabosatories of the Institute. The  frequencies of all of 
the osciliators used in the present work, have been checked on this 
appamlm and weru found to agree with the measurements of the author 
on his apparatus. While the purpose for which the apparatus mas 
required, did not need the highest precision of the Dye multivibrator, 
because the other conditions of the esperiment, such as purity of the 
substances, temperature etc., were not reproducible to that degree of 
accuracy, the accuracy of the harmonic multivibrator, however, could be 
obtained with a comparatively simple and inexpensive apparatus, the 
main advantage being that the absolute frequency could be checked on 
thc ' s -l  Tot. 

EXPERIMENTAL. 
The method consists in the use of a two-stage step-down, 

unq-mmetrical multivibrator (Hull and Clapp, Proc. Im t .  Radio. Eng., 
7929, p. 252) in conjunction with a phonic wheel, in the present case 
a "synchro-clock" by the General Radio Company of America kindly 
lent by the Department of Electrical Technology. The author has also 
constructed such a phonic wheel. This instrument is easily driven by a 
wive of the 1'44 type and will run in synchronism with currents varying 
in frequency from 0.2 to 1.5 Khz. Timings can be recorded to 0.01 
second but, for the series of experiments to  be described, visual estimates 
oi 0.1 secon.l sufficed. All measurements were made a p i u s t  the 10 



seconds signals of thelaboratory electric clock, the timing ol 
checked against radio signals. 

Fig. 1 
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Piezo-Oscillator Multivibrator I Multivibrator I1 

c, = .OO5 pf, c, - .001 pf, c, and c ,  = .0015pf, c, and c, = .0025pf, 
R, and R, = .02 to .04 R, and R, = .5 megohm. 
r,, I-%, I.,, r6 = . O l  r: and r, = .25 megohm. 
r = 2 rnegohms. 

The scheme of connections in Fig. 1, shows the multivibrator 
in detail. Instead of being used to generate harmonics of a known 
frequency, the multivibrator oscillates at its fundamental frequency, 
control being obtained by a drive (in this case the oscillator, the 
frequency of which is to be determined) oscillating a t  a harmonic. Hull 
and Clapp state that harmonics as high as the tenth may be used in each 
stage, giving a maximum step-down of one-hundredth, for the two. 
This is a good working rule, although we have found no great difficulty 
in controlling by means of the fiftieth harmonic, odd harmonics having 
been found to exercise better control. It will be noted that the 
multivibrators are unsymmetrical, the anode resistances being unequal; 
this appears to be essential for satisfactory working. The original 
instrument was provided with a buffer valve between the driving oscillator 
and the first multivibrator. This is desirable for work of the highest 
precision but in these experiments it  was omitted. The varlable condensers 
shown, were 0.0005 pf each, fitted with clips into which Loewe conden- 
sers of higher value could be inserted if necessary. 



In order to use the instrument, the conderlsers C ,  C ,  C, and C,; a t e  
set approsimately to a convenient freclueilcy, making usc of the formula 
N = l/(R,C,+R,C,), where S represents thc frequency. The coupling 

bctrrcen the driving circuit and the first multivibrator, which is fairly 
critical, is gracludiy increa~cl  until the multivibrator is found to be 
controlied. This isascertained by the fact that small movements of thc 
condensers have no effect on the output frequency, which is audible, 
while larger movements cause variations in jumps. The audio output 
is then adjusted so as to come nithin the range 0.7 to 1.5 Khz. and the 
amplifier is attached to the synchro-clock. The  frequency is measured by 
comparison wth  the standard clock giving 10 second clicks at  intervals 
oi 100 seco~lds, for about 20 minutes. The condenser settings on the 
multivibrator are then chan;ed to give a second output freqency, which is 
also measured, and so Oil. In this way a number of values are obtained 
vliich are harmonically r%!ated series, from which the fundamental can 
be calculated. In Table 1 an example is given of measurements with 
n 50 Iihz. crystal osci!lator. 

Weighted mean - 123.67, 

f = 1236.7; 
I 

, Standard time Interval 
So. / mins. secs. 

Synchro clock / 
mins. secs. ; for loo sets. 

Weight 



The reading oi the syncllro clock at 1 rnin., 40 scc. was 2,  43.0 ; at 
3, 20, 4, 46.5 ; and so on. For 100 seconds of the standarcl clock, the 
weighted mean of the readings of the synchro ciocl; m s  123.67,. As the 
synchro clock reads correct time at  exactly 1000 cycles, the step-down 
frequency f is exactly 1236.7,. 

The observations were taken for thousand seconds, and as the 
error was of the order of 0.1 to 0.2 second, the error in measuring the 
frequency was less than 1 part in 5000 if importance was given to the 
first and the last obsarvation. The actual error IS considerably less than 
this, if a weighted mean is taken of all the ten or more observations. 
Although the average mean was sufficiently accurate for the purpose ior 
which the crystals were used, the highest accuracy obtainable with a given 
number of observations was found to be 1 part in 100000, when weighted 
mean was taken by taking all combinations of the readings. The results 
given in Tables 3, 4, 5 and 6 have been treated in this way, which speak 
for themselves. 

The following table sl~ows the measurement or an audio frequency 
by a single stage multivibrator. 

The above frequency was emitted by the simultaneous oscillation 
of a crystal (B and H, 55 x 1 4  x 5 mms.) at  two nearby frequencies 
49.712 and 46.160. 

Table 3 shows the results of the frequency measurements of a 
24 Khz. crystal oscillator (115 x 20 x 5 mms.). 



The frequency of this crystal was checked on the Tuning Fork 
Standard Frequency Apparatus developed by Dye, which has been 
installed in the Electrical Technology laboratory OF the Institute. The 
frequency was measured by interpolation from the readings of the standard 
condenser, corresponding to the various frequencies given by the multivi- 
brator controlled by the 1 Khz. Standard Tuning Fork. The following 
readings were obtained : 

22 Khz : 
fc - 1 =; fx ,, : 

23 1 ,  

24 ,, : 
i, +1=f, ,, : 

25 ,, : 

f, + 1 = 24.585 Khz. 
agreement with the value of 

0.004 pf + (1150 + 90.0) p p f 
0.0035 ,, + (145O-t-69.0) ,, 

,, ,, + (1250+59.8) ,, 
, ,, + ( 800+59.0) ,, 
,, ,, i- ( 600+46.75) ,, 
,, ,, + ( 450+56.2) ,, 

Therefore f, = 23.588, which is in exact 
the step-down multivibrator, f, was 

given by the expression f, = fh  where 
£ % - f a  / I + 2-i ... .v 



f, = f, 4- 1 MIZ. f,, - frequency higher than f,, i, - f r ~ ~ ~ u c : l c ) -  lowcr 

than f, and c,, c,,, c, a re  capacities correspoi:dii:g tto i,, f,, and i,. SV1:eti 
f,-f, = 1 Khz, the expression reduces to 

The fo~lo\vi~ig table suminarises the resul~s of the various stcp-doirn 
frequencies, which were measured from rime to time spread over a period 
of three >-ears, oi the crystal (Sc, R)  (53.5 x 21.6 x 2.6 mms). 

I Total 
Stcp-dow~ 2 Step-down 

n .  



~ h ~ ; ~ ~  fietcrJIIiiiations Xve1-c ~ n a d c  on diffcrcni occasions and the 

crystal tempcr:ltures varied from 23' to 28O. They show, ho\vever, that 

its frequency \>-as s.cr. llear to 49.470 Khz. Thus in the first example, 
the frequency of the first iilultivibrato~. was 24.735 Khz. and this was the 
17th ilarnlonic of the seconc! multivibrator. It is, ol COLKSC, not 1lCCesSdl-y 
to l;now the stcp-&\v:l 111 each case, the figures given being merely by 
\vay of illustration. I n  practice it is not easy to obtain every harlnonic 

(as odd harrnoilics h:i\c p;eferc~Ad control), and this need nut be done, 
there being littie difficulty in determining the f~~r~clamenial, if the d i r k -  
ence between the reciprocals of measured frequencies are exanlined, or 
if the approximate frequency is linown. 

The frequency of this crystal \\.as checked, inorc: than live years 
after the above ineasmernc~~i-s were completed ;cud the crystal was used 
under varying conditions of temperatures, on the Standard Frequency 
-Apparatus. The following measnremenis were obtained. 

48 iillz : 0.003 pf <- 825.15 ppf  
f, - f, - 1 Khz : ,, + 746.2 ,, 

19 ,, ,, + 661.1 ,, 
5o ,, ,, t 507.3 ,, 

f', = f, + 1 ,, ,, + 437.7 ;, 
51 ,, ,, + 363.35 ,, 
f, = f', - 1 = 40.474 Khz. f, - f, + 1 = 49.471 I<lrz. 

Mcan f, = 49.473 Iiha. wh~ch is in very good 
agreement with the value given above. 

The frequency ol another crystal (65 x 14 x.il inn,-,.) as detef> 
mined by the step-dowl n~~ijtiv~brator was (1079.1 .u 45 = )  48.559 Khz. 
and mas checked hy direct measnremrnt of its beat frecluctlcy 
49.470 I'&. crystal on the Synchro-clock, \yhich &,as 907 llz. 

T i e  frequencr of t i ~  same crystal after re-plating was determined 
on the ~kXxhrd freqWllcy apparatus by interpolation. The  readinjis of 
the condenser for the different frequencies were as folloxvs :- 

50 Khz. 0.003 pfS497.0 p r f  

f A + l  ,, 0.003 ,, t578.9 ,, 
49 ,, 0.003 ,, t 650.9 ,, 
48 ,, 0.003 ,, 4-514.9 ,, 
f,-1 Khs. 0.003 ,, t905 .6  ,, 
47 ,, 0.003 ,, t 9 8 8 . 9  ,, 



The calculated values from these results arz, f,- 1 = 47.468 Khz. 
and f, + 1 = 49.459 Khz. Therefore the mean value for fx is 48.464 Iihz. 

TABLE 5 

(A) 94.2 Khz. (B. H.) silvered and plated (27x10~3 mms.) 

Table 5 (A) gives the frequency of a crystal supplied by Bernard 
and Halle, which was silvered and plated in the usual way. 

The sxme crystal after replating and resilvering changed its 
frequency from 94.2 to 94.4 Iihz, as shown In Table 5 (B). This 
crystal was not very satisfactory for measurements of supersouic velocity. 

TAB1,E 5. 

(B) 94.4 Khz. Crystal plated (B and H, 27 x 10 x 3 mms). 



TIlis irequellcy \,-as checkad on the Standard Li'requency appara- 
t a  in the Institute bx iii\twpoIating the readings of thc rwxiver condenser 

&on1 the accurate positions of the harmonics of Llie 1000 cycles Standard 
tuliing fork, which gave a straight line relationship between the frequency 
and the condenser readings. 

Condenser 
readings. 

o.02b-llG5 pf 

0.0260785 ,, 
0.0275626 ,, 
0.027573 ,, 
0.0281583 ., 
0.028171 ,, 
0.028775 ,, 
0.0290495 ,, 

The itrterpolatcd irequency is 94.40 as compared wth !)4.30G 
obtamed on the step-down ~nult~v~braior. 

( 1  96.1 I<hz. (St. K. 26.5 s 15.4 r 2.1 inms.) in its holder 
(nhhout plating), %"-27'. 



(B) (Sc. R) silvered and plated (26.5 r 15.5 x 2.1 n~ms.) 

- ~ 

Table 6 (A) shows the results of the measurements uf tne step-down 
frequencies of a crystal (26.6 x 15.5 x 2.1 mms.)supplied by the Scientific 
Radio Company of America, in its bolder rithout plating. The frequency 
of the crystal was 96.188 Khz. The higher accuracy of the measure- 
ments is due to the excellent oscillating property of this crystal, which 
was also very satisiactory for measurement of supersonic velocity. 

On plating and silvering the crystal, the frequency changed to 
95.933 Khz, as shown in Table 6 (B). 

Table 7 shows the measurements of the crystal (E) 26..5 x 25.5 x 5 
mms., which was kindly lent by the Electrical Technology Depart- 
ment. It gave three frequencies F, = 94.483 Khz., F, = 127.408 Khz. 
and Fa= 564.028 Khz. The frequencies of this crystal were also 
measured when it mas heated to 134' in a xylene bath, when the first two 
frequencies decreased to 93.689 and l26+264 Iihz. respectively. 
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TABLE 7. 

Crystal (E) platecl, giving F,, I;', and F, 

The frequency F, of the (E) crystal as determined on the stand- 
ard frequency apparatus was 01.468 Khz., which is only 17  cycles less 
than the measurements of the author given above, which were carried 
out 5 years previously. The details of the measurement of this frequency 
on the standard frequency apparatus are given below : 

94 Khz. : (0.2 + 0.0075) pf + 654 ppf  
- 1  : ,, ,, f 970 ,, 
'33 Khz. : ,, ,, + 1270 ,, 

Therelore, f, = 94.467 Khz. 

94 Khz. : 0.02 f 0.0065+1597 ppf  

95 ,, : ,, ,, + m 0 1  ,, 
f + 1 : ,, ,, + 727 ,, 

96 ,, : ,, ,, + 422 ,, 
Therefore f, = 94.468 Khz. 
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The higher frequency of the same crystal (E) was 127.408 lihz. 
at  2 4 ,  as measured on the step-down multivibrator which was only 24 
cycles higher than the value determined, on the standard frequency 
apparatus, the results of which are given below : 

f, - 1 = f, : (0.01 t 0.0045) pf  + 1001 p p f  
f, + 1 = f,': .,, + ~ ~ j i a  ,, 
126 I < ~ z .  : ,, > ,  + 1095 ,, 

I 9 + 846 ,, 127 ,, : >, 
128 ,, : ,, I >  + c02 ,, 
129 ,, : ,, + 364 ,, 

f, = 126.373 Khz. 
Therefore f ,  = f, + 1 = 127.373 Iihz. 

f,' = 128.374 Khz. 
Thcrefore f, = f,' - 1 = 127.375 Khz. 

Mean f, = 127.374 Khz. 

The third frequency F, of the same crystal was measured only 
on the Standard Frequency :-\pparatus. The author did not have any 
crystal, whose harmonic frequency could be compared with the above 
frequency. The following measurements of the condenser were used for 
interpolation of the frequency. 

563 Khz. : 0.006 tlf + 114.0 ppf 
f, = F, - 1 ,, : ,, ,, + 113.35 ,, 

' 564 ,, : ,, ,, + 90.2 ,, 
565 ,, : ,, ,, + 66.3 ,, 

f , ' = F , 4 1  ,, : ,, ;, + 65.6 ,, 
566 :, : ,, ,, + 42.55 ,, 

F, = f, + 1 = 564.027 Khz. F, = f,' - 1 = 564.029 Khz. 
Mean f, = 504.028 Khz. 

The Crystal (E) is very suitable for dispersion measurements. 

Calibration of 396 K. C. crystal. 

The frequency of this crystal was measured only on the Standard 
frequency apparatus, by the linear interpolation of the condenser readings 
corresponding to the various harmonics of the multivibrator. 



Frequency Condenser 
Khz. reading. 
400 0.0124376 
399 0.0125025 
398 0.0126685 

f, + 1000 cycles 0.0126006 
397 0.0126345 
f, 0.0126675 
3116 0.0127010 

f, - 1000 cycles 0.0127340 
395 0.0127690 

The frequency of the crystal is 396,526 I(hz. 

DISCUSSION. 
plating the crystal was found to lower the frequency of a crystal, 

a]ihoilgh the ~veigbt and the size of a separate elactrode did not appreci- 
ably :~Rect the frequency. Thus, on being sputtered with a thin layer of 
silver. a cvstal 65 s 14 s 4 mms. gave two frequencies 46.160 and 
49.712 Khz. simultaneously, producing an audible frequency of 3553 hz., 
wi~ich \vas also measured on the single stage multivibrator. As it was 
difficult to solder a lead to the sputtered surface, the crystal was cherni- 
cally silvered and electroplated with copper and silver, and a thin copper 
wire was soldered in the centre of the top electrode. The frequency of 
this crystal decreased to 48.560 Khz., as determined by the measurement 
of its beat note (0.907 Khz.) with auother crystalof frequency 49.471 Khz., 
and the lower frequency disappeared. This crystal (48.56 Khz.) was used 
for measurements of volume resonance described in Part 111. On 
replating this crystal, the frequency changed to 48.464 Khz., which was 
measured on the Standard Frequency Apparatus. 

In the same way, a crystal whose frequency was 96.188 Khz. in 
the holder in which it was supplied, was found to have changed its fre- 
quency to 95.933 Khz. on being silvered and plated. The plating of the 
crystal spoiled its oscillating property somewhat, although some of the 
crystals, which would not oscillate in an ordinary holder, could be made 
to oscillate after plating. It was also found that plating only the top 
electrode was preferable and convenient, as it did not affect the oscillat- 
ing property, nor changed the frequency, to the same extent as plating on 
both sides. The plating did not peel off the crystal, even on heating to 
1:34", as the surface was matt. 



Work is it1 progress to iind out the cl~anges in tlic c(piva1i:nt 
circuit of thc quartz oscillator, \vl~icl: arc protluccd by plating. 

~ r y s t a l ( ~ )  gave three frequencies (J?, = 94.49 Khz., F? = 127.408 
I<hz. and B,= 564.038 Khz. respectively) at  25'. T h e  first two frequencies 
were checlxd on the standard frcqucncy apparatus after a lapse of five 
years and were found to be correct to 1 part in 10,000 in absolute units. 
T h e  third fuequcncy was measurcd on the latter apparatus only. 

T h e  temperature cooflicients of these crystals were four~d by 
determining the beat frequency between two suitable crystals, one at  room 
temperature and the other heated to the dcsircd temperature. Thus  
the 49.471 Khz. crystal decreased in frequency by only 50 Hz. 011 heating 
irom 20" to 100'. I t  wns also found possible to step-down the frequency 
ol the hot crystal directly. Thus the first two frcqucncies of the crystal 
(E) at  134' as determined by the step-don-n mutivihrator were 93.699 
xncl 126.264 Khz. respectively. 

For fretluencies h~gher  than 150 I i l~z . ,  it was found pssihle to 
obtain a bent notc of suitahlc frequency between the source to be 
measnretl ant1 a 1i;~rinonic of  one of tllc crystal oscillator-s. This was 
amplified and nleasured on the rnultivihrator if it was higher than 1500 
cycles, or ~neasuved directly on the spnchro-clock if it was lower. For 
example, a crysl-al oscillator oi a norninal frequency of 480 Khz. was 
found to give an audio note of 540 cycles with the fifth harmonic of 
95.931 Iih;:. crystal. T h e  frequency was therefore 479.10 Khz. 

The  author has given a detailed account of a convenient method 
of measurement of absolute frequciicies very accurately., Although the 
purpose for which the apparatus was required, did not need the highest 
precision attainable, the accuracy of the Dye harmonic multivibraror 
could be obtained with comparatively simple apparatps. With the 
establishnlent of the standard frequency apparatus in the Ifistitute, it has 
been found possible to check the measurements on the step-down multi- 
vibrator repeatedly, which gives the author confidence to recommend the 
inexpensive equipment used by him as a standard frequency apparatus, 
the calibration of which is directly measured against sta~ldarcl clocli. The 
cost of many excellent precision frequency equipments, does not lie within 
the reach of institutions of modest means. 



?he frequency measurements recortlccl In this paper are accurate 
to better than 1 part in 5000 and the absolute frequencies .of the various 
quartz oscillzttors hare heen checked alter a lapse of more than five 
ycxs on the standard frequency apparatus and niere found to be correct 
wit!iin the accur:lcy of the or~ginal measuremeuts, which could be 
easily increasecl 1,). taking ohser\xt~ons Eor intervals longer than 
20 minutes, on a sypiioii recorder. I t  was, however, found that the 
absolute accuracy in measurement of supersonic velocity was more 
limited by the purity of the substances used and the constancy of tem- 
perature and pressure, ~ ~ h i c l l  affected the reproducibility in the wave 
length measurements, the detalls of which w111 be discussed in the subse- 
quent parts of this series 

The follomin:: table shows the comparison of the results of the 
measurements of the frequencies of the vario~is p~ezoelectric quartz 
oscillator.: used in the supersonic interferometer in gases .and vaponrs, by 
the step-down ~nultivibrator, and by the Dye Standard Frequency 

Bernard and Ha!le iB and H) 115 s 20 x 5 23.585 23.585 
S e n t  a d  . . 53.5 x 21.5 x z .L  1 49.471 1 49.472 
Bernard and Haile iB and H) ' "7.1 x 10 x 3 94.396 94.400 
Scientific lladio (Sc. R) 1 56.5 x 15.5 x 2.1 1 95.933 9 5.926 

Crystal 

I F, .- 
I I 56% 

Thanks of the author are due to Dr. H. E. Watson for his keen 

I (1932.33) (1938) 
Dimensions Step-down Dye step u p  

mms. 1 nmItivibrator 1 mu,tiyitcator 
Author Khz. 

Khz. 

interest and helpful guidance during the course of this work, and to Prof. 
I<. Aston for affording facilities for checking the measurements of the 
frequencies on the standard frequency apparatus which has been 
installed in the communication Engineering Section. 

, 



A comparatively simple and inexpensive appnmtus using a double, 
step-down, unsymmctrical multivibrator, has been described for determi- 
nation of thz absolute frcqucncy of the piezoelectric quartz oscillators, 
used it1 the measuremcnt of supcrsonic velocities in gascs and vapours at  
differeut temperatures. The resulting low frequencies wcrc tncasured by 
a synchro-clock, the observatioi~s on which were checked against thc 
laboratory standard cloclt. Frequeucies from 300 - 1500 Hz. could 
be measured directly on the synchro-clock and the multivibrator could 
give easiiy a step-down ratio as high as 120 : 1, without a high frequency 
stage, so that with the combinatioi~, frecluencies up to 150 Iihz. per second 
could be measured with a degree of accuracy limited only by the patience 
in observation. For higher frequencies, the beat between a harmonic of 
a standard crystal oscjllator and the frequency to he deternine<i could be 
applied to the system. There is apparently no difficulty in connecting 
one more ~nultivibrator stage for stepping down the higher frequencies. 

A single multivibrator could step-down frcqucncies in the ratio as 
high as 50 : 1. The odd multiples were found to cxeicisc preiercutial 
co11trol. 

The rncchanical and electrical stability of thc piezoelectric quartz 
oscillators used in supersonic interferometers in gases and vapours at 
different temperatures, was greatly enhanced by coating the top electrode 
with chemical silvering follocvecl by electroplatiug with copper aud silver, 
to which a thin lead mire could be directly soldered. This process, 
however, decreased the oscillating frequency of the crystals appreciably. 

The accuracy, in absolute units, of the measurements on the 
simplified step-down multivibrator has becn establishcd by carcful check- 
ing on the Dye Tuning Fork Standard Frequency Apparatus. 
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