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This invention relates generally to electrical 
measuring Systems and more particularly to an 
improved method of and means for indicating 
on a cathode ray oscillograph sequentially occur 
ring transient voltage waveform characteristics. 
A Systern for indicating the Waveform chair 

acteristics of sequentially occurring transient 
voltages such as, for example, ignition voltages 
in internal combustion engines, has wide utility 
in the determination of ignition efficiency, and 
in the elimination of radio interference produced 
by such ignition circuits. Heretofore various 
systems have been devised to provide suitable 
timing voltages for use in Oscillographic obser 
Vation of such transient voltages. It should be 
understood that for most efficient observation of 
such transient voltages, the timing voltage must 
be substantially saw-tooth in waveform, and of 
extremely short time duration, since the total 
period of most transient voltages is extremely 
short. Transient voltages in ignition systems 
comprise a plurality of sequentially occurring 
voltage pulses characteristic of the sequentially 
applied ignition voltages to the several ignition 
plugs of the engine. 

Heretofore Oscillographic measurements of 
Such ignition voltages have been attempted by 
applying the transient voltages directly to one 
deflecting element pf the cathode ray oscillo 
graph tube, and deriving from the same transient 
voltage a timing voltage which is applied di 
rectly to a second cathode ray deflecting ele 
ment. The principal disadvantage of such sys 
tens is that considerable delay is inherent in all 
timing Voltage circuits wherein a transient volt 
age waveform is shaped or otherwise employed 
to provide a synchronized saw-tooth timing 
voltage. Such delay results in a timing voltage 
which commences at a considerably later time 
than the beginning of the transient voltage under 
observation. Since usually the observation of 
the beginning of a transient voltage is of great 
importance, it is essential that the timing voltage 
applied to the Oscillograph commence substan 
tially coincidentally with the beginning of the 
transient voltage. 
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The instant System contemplates an improved 
method of and means for measuring sequentially 
occurring transient voltage waveform character 
istics on a cathode ray oscillograph wherein a 
particular transient voltage is applied to a timing 
voltage generator to provide a synchronized saw 
tooth timing voltage. A predetermined subse 
quent one of the sequentially occurring transient 
voltages is then applied to one deflecting ele 
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ment of the cathode ray oscillograph. The timing 
voltage is delayed a total amount equivalent to 
the time elapsing between the connencement 
of the initial transient voltage and the partic 
ular one under observation. The timing voltage 
thus delayed is then applied to the oscillograph 
to deflect the cathode ray along its timing co 
ordinate. It will be seen that a system of the 
type to be described in detail hereinafter may 
be applied to observe selectively the ignition 
characteristics of each of the ignition plugs of 
an internal combustion engine, since the timing 
voltage may be delayed selectively to permit se 
quential observation of each successive ignition 
device. Briefly, the timing voltage derived from the 
timing voltage generator should have a time du 
ration of the order of the time duration of the 
longest One of the sequentially occurring transient 
voltages under observation. In operation, the 
invention provides an improved cathode ray OS 
cillograph sweep circuit wherein the cathode ray 
trace is retained at one side of the oscillograph 
screen at all times except during the time inter 
val during which the particular transient voltage 
is under observation. The trace is then caused 
to sweep rapidly across the screen during the 
time interval of the transient under observation. 
Provision is made for varying the time interval 
and the magnitude of the Sweep voltage, as well 
as for controlling the phase relation thereof 
with respect to the sequentially Occurring tran 
sients to be observed. 
Among the objects of the invention are to 

pro ide an improved method of and means for 
measuring on a cathode ray oscillograph a plu 
rality of sequentially occurring transient voltages 
to determine the waveform characteristics there 
of. Another object of the invention is to provide 
an improved method of and means for making 
Oscillographic measurements of Sequentially Oc 
curring transient voltage waveform character 
istics wherein substantially saw-tooth sweep po 
tentials having a duration of the order of the 
duration of one of the transients is derived from 
said one transient, and wherein said Sweep po 
tential is delayed a predetermined interval for 
observation of the voltage waveform of a pre 
determined subsequent one of the sequentially 
occurring transient voltages. A further object 
of the invention is to provide an improved timing 
circuit for Oscillographic measurements wherein 
a saw-tooth timing voltage is derived in response 
to the application to said circuit of a transient 
voltage. Another object of the invention is to 
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provide an improved sweep circuit for cathode 
ray oscillograph apparatus wherein a transient 
voltage is applied to key synchronously a saw 
tooth oscillator, the saw-tooth oscillations are 
limited to provide substantially square waveforn 
voltages, the Square waveform voltages are dif 
ferentiated and amplified to provide sequentially 
occurring positive pulses, said positive pulses are 
employed to discharge a linearly charged capac 
itor, and the voltage upon said capacitor is am 
plified to provide a substantially linear, rapid 
Saw-tooth pulse Sweep voltage. 
The invention will be further described by ref 

erence to the accompanying drawing, of which 
Figure i is a schematic circuit diagram of one 
embodiment thereof, and Figure 2 is a family of 
graphs illustrative of the circuit operation of Fig 
lure 1. Similar reference numerals are applied to 
Similar elements throughout the drawing. 

Referring to Figure 1, a signal voltage source 
i, such as, for example, the ignition plugs of an 
internal combustion engine, which provides a 
plurality of Sequentially occurring transient volt 
ageS, is connected through a Switch 2 and a 
shielded transmission line 3 to the vertical de 
flecting elements 4, 4 of a cathode ray oscillosope 
5. The Switch 2 may be employed to select the 
particular transient voltage to be observed on the 
oscilloscope tube 5. One of the sequentially oc 
curring transient voltages from the signal source 
is connected for example, through a second switch 
2', to the input terminals 6 of a sweep voltage gen 
erating circuit. The input terminals 6 of the 
SWeep voltage generator circuit are connected to 
the control electrode circuit of a first buffer am 
plifier tube . Transient voltages of the type 
illustrated by the graph a will be applied to the 
control electrode circuit of the buffer amplifier 
tube . The anode circuit of the buffer ampli 
fier tube is connected, through the differenti 
ating network comprising a series capacitor 3 
and a shunt resistor 9, to key the control electrode 
of a gaS tetrode which is connected as a con 
ventional keyed saw-tooth oscillator. The wave 
form of the differentiated signals applied to the 
control electrode of the saw-tooth oscillator 
is indicated by the graph a'. The synchronized 
saw-tooth oscillations derived from the oscil 
lator tube ( are indicated by the graph b. Con 
trol of the value of the keying voltage applied 
for control of the saw-tooth oscillator tube 
is obtained by a potentiometer having its mov 
able contact connected through the shunt re 
Sistor 9 to the oscillator control electrode . The 
potentiometer resistor is connected to the cathode 
of the oscillator tube and to a source of nega tive grid bias potential. 
The Synchronized saw-tooth oscillations b are 

applied to the input circuit of a conventional 
three-stage limiter circuit which comprises the 
first, second, and third limiter tubes 2, 3, 4, 
respectively, which are connected in cascade ar 
rangement. A phase control, comprising a sec 
ond potentiometer 5, having its movable con 
tact connected through a second shunt resistor 
6 to the control electrode of the first limiter 

tube 2, determines the limiter tube grid bias volt 
age and thus the potential of the saw-tooth volt 
age b which is operable to actuate the limiter 
tubes 2, 5, 6, respectively. The resistive ele 
ment of the second potentiometer 5, is connected 
to the cathodes of the limiter tubes and to the 
Source of negative grid bias voltage mentioned 
heretofore. The output Voltage from the anode of 
the third limiter tube 8, represented by the 

0 

5 

30 

35 

4. 

45 

66 

55 

60 

70 

5 

first pentode tube 

4. 
graph c, comprises sequentially occurring posi 
tive pulses. The anode of the third limiter tube 
4 is connected, through a second differentiating 

circuit comprising a series capacitor and a 
shunt resistor 8, to the control electrode of an 
inverter-amplifier tube 5. The differentiated 
Square wave pulses applied to the control elec 
trode of the inverter-amplifier 5 are indicated by the graph 'C'. 
The inverted, differentiated square wave sig 

nais c' are applied to the control electrode of a 
first pentode tube 9 from which is derived se 
quentially occurring positive square wave pulses 
which may be of short duration represented by 
the graph d. The anode circuit of the first pen 
tode tube 9 includes a capacitor 20 which is 
rapidly and substantially completely discharged 
each time one of the positive pulses d is applied 
to the control electrode of the pentode tube 9. 
The capacitor 2 is charged at a substantially lin. 
ear rate, 2nd to 8. Substantially uniform maximurn 
voltage, through a variable resistor 2? and a fixed 
resistor 22 which are serially connected to the 
Source of anode potential. Adjustment of the 
variable series resistor 2 varies the charging rate 
of the capacitor 2. The linearity and charging 
limits of the capacitor charging voltage are con 
trolled by a diode rectifer tube 28. The anode of 
the diode 28 is connected to the anode of the first 
pentode tube 9. The cathode of the diode 2.É is 
connected to the common terminal of a pair of 
Serially-connected resistors 25, 26, which re 
sistors are connected as a voltage divider across 
the anode voltage source. The voltage across the 
capacitor 2 is indicated by the graph d'. 
The anode circuit of the first pentode tube 9 

is connected, through a coupling capacitor 2 and 
a voltage dividing potentiometer 28, to the con 
trol electrode of a second pentode-amplifier tube 
29. The voltage pulses d' on the capacitor 2 will, 
therefore, control the anode current of the second 
pentode-amplifier 28 to provide positive voltage 
pulses of the type shown in the graph e of Fig 
ure 2. The positive pulses e are applied, through 
an output coupling capacitor 3 to the horizontal 
deflecting elements 3, 3A of the cathode ray os 
cilioscope 5. it will be seen that the amplitude of 
the horizontal deflecting pulses applied to the 
horizontal deflecting elements 38, 36' will be de 
termined by the setting of the movable contact 
of the third potentiometer 28. 

Briefly reviewing the circuit operation, Figure 2, 
indicates the selected sequentially occurring 

transient voltage pulse applied to the input cir 
cuit 6 of the sweep generator. Graph b indi. 
cates the saw-tooth voltages Synchronously re 
Sponsive to the applied transient voltage pulses a. 
Graph c indicates the square wave pulses 6 de 
rived from the output of the third limiter tube as 
in response to the saw-tooth pulses b applied to 
the first limiter tube 3. Graph d indicates the 
resulting narrow positive pulse applied to the 

89, after differentiation of the 
Square-wave pulse c. Graph e indicates the posi 
tive saw-tooth pulse derived from the output 
pentode-amplifier 29 and applied to the horizon. 
tal deflecting elements 3G, 3' of the oscillograph 
tube 5. The dotted saw-tooth waves f, g, on 
graph e, indicate the different timing of the saw 
tooth Sweep potentials derived from the output 
amplifier 29 which may be provided by adjust 
ment of the series resistor 2 in the charging cir 
cuit of the capacitor 23, it should be understood 
that the resistor 2 may be fixed and the value 
of the capacitance varied to control the sweep 
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timing. The timing delay of the output sweep 
potential will be determined by the adjustment of 
the phase control potentiometer 5. The magni 
tude of the output sweep potentials will be deter 
mined by the setting of the third potentiometer 
28 connected in the input circuit of the Second 
pentode amplifier 29. 
Thus the invention described comprises an im 

proved method of and means for generating Sweep 
potentials for measurements of sequentially oc 
curring transient voltage waveform characteris 
tics wherein the sweep potential is responsive to 
a predetermined one of said sequentially occur 
ring transient voltages, and is delayed a prede 
termined interval for observation. On an Oscillo 
graph tube of the waveform characteristics of a 
predetermined subsequent one of Said transient 
voltages. It should be understood that any type 
of sequentially-occurring transient voltages may 
be investigated, and that the specific ignition 
measuring system described is purely illustrative 
of one application of the invention. 
I claim as my invention: 
1. The method of indicating on a cathode ray 

oscillograph sequentially occurring transient volt 
age waveform characteristics comprising deriv 
ing from one of said transient voltages Sweep 
potentials having a duration of the order of the 
duration of one of said transients, applying said 
sweep potentials to deflect said ray along a first 
coordinate of said oscillograph, and coincident 
ally with the occurrence of said sweep potentials 
applying a predetermined subsequent one of said 
transient voltages to defect said ray along a sec 
ond coordinate of said oscillograph. 

2. The method of indicating on a Cathode ray 
Oscillograph sequentially occurring transient WOt 
age waveform characteristics comprising deriv 
ing from one of said transient voltages sweep 
potentials having a duration of the order of the 
duration of One of said transient voltages, delay 
ing said sweep potentials a, period equal to a pre 
determined number of said transient periods, ap 
plying said delayed sweep potentials to deflect said 
ray along a first coordinate of said Oscillograpin 
and coincidentally with the occurrence of Said 
delayed sweep potentials applying Said sequen 
tially occurring transient voltages to deflect said 
ray along a second coordinate of said oscillograph 
for indicating the waveform of a subsequent One 
of said transient voltages determined by the 
length of Said delay period. 

3. The method of indicating on a cathode ray 
oscillograph transient voltage waveform charac 
teristics of a plurality of sequentially excited 
sparking devices comprising deriving from one of 
said devices sweep potentials having a duration 
of the order of the duration of the excitation of 
said one device, delaying said sweep potentials an 
interval equivalent to the difference between the 
initial excitation times of predetermined ones of 
said sequentially excited devices, applying said 
delayed sweep potentials to deflect Said Cathode 
ray along a timing coordinate of said oscillograph, 
and coincidentally with the occurrence of said de 
layed sweep potentials applying potentials derived 
from a predetermined subsequent one of said de 
vices to deflect said cathode ray along a second 
coordinate of said oscillograph. 

4. Apparatus for indicating the waveform of a 
plurality of sequentially occurring transient volt 
ages including means for deriving a timing po 
tential from one of said transient voltages of du 
ration of the order of the duration of One of Said 
voltages, a cathode ray oscillograph having ray 
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generating means and ray deflecting means, delay 
means for applying said timing potential to said 
ray deflecting means to deflect said ray along a 
timing coordinate thereof, and means for apply 
ing a predetermined subsequent one of Said tran 
sient voltages to said ray deflecting means to de 
flect said ray along a second coordinate thereof. 

5. Apparatus for indicating the waveform of a 
plurality of sequentially occurring transient volt 
ages including means for deriving a timing po 
tential from one of said transient voltages of 
duration of the order of the duration of One of 
said voltages, means for delaying Said timing po 
tential a predetermined number of said transient 
voltage periods, a cathode ray oscillograph hav 
ing ray generating means and ray deflecting 
means, means for applying said delayed timing 
potential to said ray deflecting means to deflect 
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said ray along a timing coordinate thereof, and 
means for applying a predetermined subsequent 
one of said transient voltages to said ray deflect 
ing means to deflect said ray along a second co 
ordinate thereof. 6. Apparatus for indicating the waveform of 
a plurality of sequentially occurring transient 
voltages including means for deriving a timing 
potential from one of said transient voltages of 
duration of the order of the duration of one of 
said voltages, means for delaying said timing 
potential a predetermined number of said tran 
sient voltage periods, a cathode ray oscillograph 
having ray generating means and ray deflecting 
means, means for applying said delayed tinning 
potential to said ray deflecting means to deflect 
said ray along a timing coordinate thereof, means 
for selecting a predetermined subsequent one of 
said transient voltages, and means for applying 
said predetermined subsequent one of said tran 
sient voltages to said ray deflecting means to de 
flect said ray along a second coordinate thereof. 

7. Apparatus for indicating the waveform of 
a plurality of sequentially occurring transient 
voltages including means for deriving a timing 
potential from one of said transient voltages of 
duration of the order of the duration of one of 
said voltages, means for delaying said timing 
potential a predetermined number of said tran 
sient voltage periods, a cathode ray Oscillograph 
having ray generating means and ray deflecting 
means, means for applying said delayed timing 
potential to said ray deflecting means to deflect 
said ray along a timing coordinate thereof, and 
means for applying at least a portion of a pre 
determined subsequent one of said transient vol 
tages to said ray deflecting means to deflect said 
ray along a second coordinate thereof. 

8. Apparatus for indicating the waveform of a 
plurality of sequentially occurring transient volt 
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ages including means for deriving a timing po 
tential from one of said transient voltages of 
duration of the order of the duration of One of 
said voltages, means for selecting a predeter 
mined portion of said timing potential to cor 
respond to the delay of a predetermined number 
of said transient voltage periods, a cathode ray 
oscillograph having ray generating means and 
ray deflecting means, means for applying Said 
selected portion of said timing potential to de 
rive a timing deflection voltage, means for ap 
plying said timing deflection voltage to said ray 
deflecting means to deflect said ray along a 
timing coordinate thereof, and means for apply 
ing at least a portion of a predetermined sub 
sequent one of said transient voltages to said 
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ray deflecting means to deflect said ray along 
a second coordinate thereof. 

9. Apparatus for deriving a delayed timing 
potential from a pulse signal source including 
a differentiating Yetwork, in eans for connecting 
said source to said network to derive therefron 
pulses coincidental with the rate of change of 
magnitude of Said pulse signal, a keyed oscilla 
tion circuit, means for applying said differenti 
ated signals to key said oscillation circuit to pro 
vide a saw-tooth pulse in response to each of 
said input signal pulses, means for limiting said 
saw-tooth pulses to derive substantially square 
wave pulses, means for differentiating said square 
Wave pulses, a capacitor, means for charging said 
capacitor, means responsive to said differentiated 
Square Wave pulses for discharging said capaci 
tor and means responsive to the charging voltage 
on said capacitor for deriving Said timing po 
tential. 

10. Apparatus for deriving a delayed timing 
potential from a pulse signal source including a 
differentiating network, means for connecting 
Said Source to said network to derive therefrom 
pulses coincidental with the rate of change of 
magnitude of said pulse signal, a keyed oscilla 
tion circuit, means for applying said differenii 
8ted Signals to key said oscillation circuit to 
provide a saw-tooth pulse in response to each 
of said input signal pulses, means for limiting 
said saw-tooth pulses to derive substantially 
Square Wave pulses, means for differentiating 
said Square wave pulses, adjustable means for 
delaying said differentiated square wave pulses, 
a capacitor, means for charging said capacitor, 
(neans responsive to said delayed differentiated 
squia,3'e wave pulses for discharging said capacitor, 
and means responsive to the charging voltage on 
said capacitor for deriving said timing potential. 

ii. Apparatus for deriving a delayed inning 
potential from a guise signal source including 
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a differentiating Yetwork, neans for connecting 
Said Source to said network to derive therefrom 
pulses coincidental with the rate of change of 
magnitude of said pulse signal, a keyed oscilla 
tior circuit, Yneans for applying said differenti 
ated signals to key said oscillation circuit to pro 
vide a saw-tooth pulse in response to each of 
said input signal pulses, means for limiting said 
saw-tooth pulses to derive substantially square 
wave pulses, means for differentiating said square 
Wave pulses, adjustable means for delaying Said 
differentiated Square wave pulses, a capacitor, 
means including a diode-limiter for charging said 
capacitor, means responsive to said delayed dif 
ferentiated Square Wave pulses for discharging 
Said capacitor, and means responsive to the 
charging voltage on Said capacitor for deriving 
Said timing potential. 

J. GUY WOODWARD. 
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