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SUBJECT: CIRCUIT ~ MBlASURING SWITCH .1!!!. •. !i§! TIME. !!.Q. (SWITCH-TID COMPARATOR) 

To: All Engineers 

From: B. Gurley. 

Date: May 11, 1953. 

Abstract: Use of the swi tcll-tim~ \ comparator wi th an oscillosooPe makes possible 
rapid time measurements in the range 0 - 10 microseconds with an 
accuracy of 0.5 percent +.01 microseconds. 

General DescriEtion ana Qperation 

The unit is a delayed-pulse generator with an output pulse delayed 3 
to 15 m;croseco~ds with respect to the input pulse. The outpu~·il .applied to 
the CR'f cathode ofa.m. osoilloscope to obtain a blanking QJ" an,inteneifying 
marker. 

To measures. time interval, the delay increment dial (helipot dial) 
is set to zero and the initial delay ie varied by means of the zero-set 
control until the markerooincides with the beginning of the interval. The 
delay increment dial is then r6tateduntil the marker now coincides with the 
end of the interval. The time in microseconds is read direotly from the dial 
(100 dial units = 1 miorosecond). 

Any delays neeeesary to bring the beginning of the interval within 
range of the .zero-eat control (the initial delay is variable from :3 to 5 
microseconds) must be provided externally. The use of delay lines and/or 
delay line panels whenever poeeible ie recommended because of their greater 
etability compared to that of delay mu1tivibratore. . 

Accuracy 

The delay increment, as indicated on the he1ipotdial, is accurate 
within O.5~ + 0.01 microsecond after calibration. The etability over a period 
of a few daye seems eufficinet to maintain this accuracy. The etabi1ity over 
a. period of weeks ie not yet known and eo the ca.libration should be checked 
periodically. 

Figure 2 ehowe the effect of eeparately changing (a) filament 
voltage,' (b) complete tube compliment, (c) frequency.' It can be seen that the 
unit staye within the etated a.ccuracy under conditions of reaeonable tube 
va.riatione and PRF rate to 5 kc. 

Circuitry 

Figure 1 is the echematic diagram of the ewitchtime comparator. 
Figure 3 ehowe several wave forms each at maximum and at minimum setting of 
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the delay increment dial (except 3a which is at maximum and minimum zero set). 

Vl (the 7AK7) is a screen-coupled phanastran.* The action is 
initiated by a positive pulse on the suppressor grid. The plate voltage, ep. 
(see 3a and b) first drops el.volts (whiCh is equal to the negative step on 
the grid) and then falls at a constant rate. e2 + 8) volts per second. where 
e2 is the grid return voltage, R is~, and 0 il!RS4 + 05 + 06- When 8p = K e2 
(the voltage at the tap 0;( R16.). di()de V2b conducts. The conducti()~. of V2b. 
places the load Rl3 in the p~ate of Vl causing a break in the slope and 
shortening the duration. Since th1.s loading takes place as the output signal 
is generated. the acouraoy is not affeoted. R13 is ohosen small so as to 
minimize and flatt~n the signal from dieplaceme.nt current through the diode 
(see Figure 3f). The Signal, across R13 is amplified in V3 which triggers the 
blocking oscillator, V4b.The top portion of the signal at the oathode of V4b 
is used by the output tube, resulting in a 35 volt, 0.06 microsecond signal at 
the CRT cathode. 

Since the difference in pick-off voltages at delay inorement settings 
of 0 and t microseconds is (l-k)e2 volts. the delay increment 

or 
RC 

t = (l-k) 1 + . 7 - , whe r8 el e2 

.5 So k ~ 1 and 81/82 < 0.1. 

The above equation. together with the fact that del~s occuring in the pulse 
forming circuits should be mearly independent of delay increment setting, 
explain the good stability of the circuit. The P.RF sensitivity is indicated 
by changes in voltage levels. etc. This sensitivity to PHi could be reduced 
at the expense of some increased circuit complexity_ 

Calibration 

The calibration is done with a Tektronix Type 180 time mark 
generator and a pulse generator which can be synchronized with the type 180. 
Using the sweep magnifier of the scope, it is possible to resolve about .003 
microsecond. 

Signedr!211:J:!r 
B. Gu ey 

Approved· Me 
D. R. Brown 

BG!djd 
Drawings attached: 
A-55055. SA-54831. ~54559 
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* See vol. 19 Radiation Lab. Seriee - McGraw-Hill 



a) 7AK7 PLATE 
AT EXTREM ES OF ZERO 
SET CONTROL (R 10) 

c) 7AK7 SUPPRESSOR 

e) V2b (PICK-OFF DIODE) PLATE 
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b) 7AK7 PLATE 

d) 7AK7 GRID 

f) V 30 (AMPLIFIER) PLATE 

EACH WAVEFOR'M (EXCEPTo) IS TAKEN AT 0 AND AT 10 MICROSEC. 

ON THE DELAY INCREMENT DIAL. THE INTERVAL BETWEEN THE TWO 

INTENSITY MARKERS IS THUS 10 MICROSEC.(EXCEPTo, WHICH IS THE 

SAM E SWEEP SPE ED AS THE OTH ERS>' 

FIG.3 

SWITCH TI M E COMPARATOR WAVEFORMS 
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DEVIATION OF SWITCH-TIME COMPARATOR AS FUNCTION 
OF FILAMENT VOLTAGE, TUBE CHANGE, AND PRF 
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