














416  Journal of Research of the National Bureaw of Standards — (vol. 1s

.20 .25 )
ST :
ol AN « 20
3 ala 2N
AN S %l; N 2
§ e S \a
Q(o.5 I L7 \
3
- N
) Qe o
Plot /. o FlotZ. "
£

E 4 4 S
S | 715’ b, e %
; v A % —— = P
0 e T e
e M 5
S 2 - §2 8
G e | Ro 40— Q [\
Q. et 75
$2FF

o 2 4 e 8 10 4 © 3

1z Q2
Oscillation number

FicurEe 10.—Measurements of amplitude, decrement, and resistance, from oscillo-
grams shown in figures 6 and 7.
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F1cURE 11.—Measurements of amplitude, decrement, and resistance from oscillograms
shown in figures 8 and 9.
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VII. DISCUSSION OF RESULTS

The sources of accidental error in making current or voltage measure-
ments lie chiefly in the measurements of deflection and in determining
the sensitivity of the oscillograph. The uncertainty of the values
given in the tables for voltage and current from measurements made
on the oscillograms is difficult to determine, especially when the
cathode beam is deflected so rapidly that no well-defined trace is left
on the film.

It is possible to correct the measured values of current for the
presence of the measuring circuit. Thus, in the case of the circuit for
which measurements are given in table 2, the omission of the L, in-
ductor would deduct 1.15 ph from the total inductance of the circuit,
leaving 2.45 yh. The crest current of the discharge would be approxi-
mately 20 percent greater than that measured. The total energy
remains the same.

It will be noted that energy is being dissipated at the rate of 60 kw
at 6.5 Mc/s. Itisalso probable that there are present in the discharge,
especially at its beginning, still more powerful transient phenomena,
of too high speed to be recorded by the oscillograph. In particular the
discharge of the capacitance of the spark plug through the low induc-
tance of the spindle shank may give rise to exceedingly high currents of
very short duration. For example, the inductance of the spindle
shank of a typical mica spark plug computed from its dimensions is
about 0.04 ph, and the measured capacitance ranges from 15 uuf for
unshielded plugs to 50 uuf for shielded plugs. Using these values, the
natural freouency of the discharge of the plug itself would range from
100 to 200 Mec/s (wave length 3 to 1.5 m), and the crest currents for
an initial voltage of 5,000 v would range from 100 to 175 amp. Radia-
tion at these frequencies, as well as at the lower frequency, say 6
Me/s (wave length 50 m), of the main capacitive part of the ignition
circuit, might cause interference with reception in aircraft or auto-
mobile radio receivers.

Not all of the energy available in the secondary winding of the
magneto or other source of high voltage is stored in the first charge
in the capacitance of the circuit. At the end of the capacitive com-
ponent of the discharge the energy remaining in the winding, or part
of it, may appear as an inductive component, in which a unidirectional
current of a small fraction of an ampere flows through the circuit for a
relatively long time, compared with the time elapsed during the
capacitive component. This inductive component is not observable
with the high-voltage oscillograph, as the sensitivity of this type of
oscillograph is too low. It has, however, been observed with the
vibrating-string type of oscillograph [3], and with the low-voltage,
hot-cathode type of cathode-ray oscillograph [4].

The “spark’ occurring in the secondary circuit of a spark generator
on interrupting the primary current usually consists of a number of
separate discharges, each of which may consist of a capacitive and an
inductive component. In each discharge the decay of the current in
the inductive component, if such a component is present, is followed
by the rapid rise of resistance of the gap, whereupon the capacitance is
again charged to such voltage that the discharge is repeated. The
spark ends when there is no longer sufficient energy in the secondary
winding to charge the capacitance to the breakdown voltage.
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APPENDIX A

DERIVATION OF EXPRESSION FOR VOLTAGE ACROSS CAPACITANCE
OF OSCILLOGRAPH CIRCUIT

In measuring the voltage across a portion of the inductance of the
discharge circuit, the oscillograph and connecting leads constitute a
circuit coupled inductively with the discharge circuit. The voltage
across the deflection plates can be found by mathematical methods
usually applied to such circuits. Consider the closed circuit L,L'C'R’
of figure 1. If, as has been assumed, the discharge itself is not appre-
ciably affected by the presence of the measuring circuit, the electro-
motive force introduced into this circuit in a spark dlscharge is given
by eq 2, viz:

V= ‘—%%1/ a?+w?e~* cos (wi-+0) (1a)
Applying Kirchhoff’s law to this circuit, the resulting equation is
(L1+L/)dt2+R'”bz+Uc—UL1 (2a)

where 17, is the instantaneous current in the oscillograph circuit, and
vc 1s the instantaneous voltage across the capacitance in this circuit.
Since

=0 (38)
eq 2a may be written
> Uc dl)c
T (Ll—{—L’) TtoTmo=
(4a)
LLL IO Lt/—oi—Llll’) ed Va2 Fao?e e cos (wt4-6)
Writing A\=R’/2(L,-+L’) and 2=1/C’(L,+L’), this becomes
d ”°+2>\d”°+ 8% C_B £ Ll\/az—{—w e cos (wi+0) (5a)

dt*

The general solution of this equation is the sum of a particular inte-
gral and a complementary function. The latter is of the form (Ae=™
-+ Be~™*), where m, and m, are the roots of the auxiliary equation

m*+2axm-+B*=0 (6a)
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The particular integral may be found by the usual method of factor-
izing the left-hand side of eq 5a and finding the integrating factors of
the resulting first-order equations. The complete solution is

Zwlf V2w cos (wt+0-4)
(7a)
4 Ale‘o_‘/“_—w s A2e"("+‘/m

Here A and g have the meanings given above,
By=tan™! 2w(a—N\)/(a®+ B*—2ar—w?), and

Pr—q +2(a2—2602t)\——w )

The integration constants 4; and A, may be determined, if desired,
from the initial conditions.

The first term on the right-hand side of the equation represents a
forced oscillation in the measuring circuit, and it is this quantity which
is to be measured. The second and third terms represent parasitic
transients, and it is desirable that these be damped out very quickly.
To do this, \ should be made large compared with B, by including
resistance in the oscillograph circuit. If B>\ the transients will be
oscillatory rather than aperiodic, and eq 7a then takes the form
which represents two superimposed oscillations in the measuring cir-
cuit, well known in the theory of spark telegraphy and the theory of
the induction coil [5, 6].

It is desirable that P in eq 7a be approximately equal to unity and
that the angle ¥ be small, but the experimental limitations in the
choice of " and L’ may sometimes mean that these desiderata cannot
be obtained.

The correction factor to be applied to the observed voltage v, across
the capacitance of the oscillograph circuit to find the voltage v, across

L, is obtained by comparing the maximum voltage V, of the nth
cycle derived from eq la, with (V5), derived from eq 7a.

Thus

L 0—a) 2+w2>+“ )

VoL1

7o

1/a2+w e eorh (8a)
and

(Volmpid Tt st (9n)

assuming that the second and third terms on the right-hand side of
eq 7a have become negligibly small.
Dividing eq 8a by eq 9a,

)
Q=(—VI{;§'=Pe " (10a)

The quantity @ is found experimentally by method described in sec-
tion 1V, 2, page 407.
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APPENDIX B

DISPLACEMENT OF LINE OF ZERO VOLTAGE ON AN OSCILLOGRAM

It sometimes occurs, as in figure 6, that when the voltage being
measured becomes zero the cathode beam of the oscillograph remains
deflected away from its position for zero voltage on the deflection
plates. This is due to the action of the capacitance voltage divider.
It commonly occurs when recurrent voltage impulses are applied to
the oscillograph, between which impulses the voltage is constant or

= = decays slowly, so that a charge re-

I I mains on the high-tension circuit at
the beginning of the next discharge.

Figure 12 shows the divider circuit,

with C; representing the deflection

- plates of the oscillograph. Suppose

||'~Ol‘\ a constant potential V, is applied

Ao-—-| iy

C C B’ to A until leakage reduces the po-

i S ¢ tential at B and B’ to zero. A’is

Ficure 12.—Schematic diagram of assumed to be at zero potential.
capacitance voltage divider. Qinles VB-—V'B—~ 0, the cathode

beam is not deflected. The charge which has leaked onto B is

V,4C;. 1If the voltages at A and A’ are suddenly changed to values
V4 and V7 4, respectively, the potentials of conductors B and B’ take
corresponding values V; and V’;. Before appreciable leakage has
taken place the total charge on B is

—VaCi=(Vs—V) i+ (Vs—V"5) Ci+ VsC: (1b)
Since the charge on B’ remains zero
0=(V'3—Vg) G+ (V's—V'4)C"1+V'5(", (2b)
Solving eq 1b for V,
Vi=Vi(1+ G+3 )~ Ve 2+ 7. (3b)
In a similar manner V’ 4 is obtained from eq 2b,

V=V <1+0,2+ ) Vs (4b)

Subtracting eq 4b from eq 3b and putting C,/C,=C",/C’,, which is
a necessary operating condition for the voltage divider [1], and

K 1+ +03(0+0/>
the result is

VA—VIA:(VB_VIB)K+VA,01‘ VB_V,B:Y%_% (5b)
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The presence of the term V,/K shows that a deflection proportional
to this quantity is added to the deflection in one direction and sub-
tracted 1n the opposite direction. This is equivalent to a displace-
ment of the zero line in an oscillogram of alternating voltage. It can
be prevented by reducing V, to zero in the interval between sparks,
either by means of a shunting resistance of the proper value or by
momentarily grounding the circuit.

WasHINGTON, July 23, 1937.



