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1. THE PROBLEM

In the fleld of quantitative spectrographic analysis
considerable accurscy has been achieved. Efforts to
improve this accuracy to its ultimate 1limit are continu-
ally being sought. There are two general lines of research
to be Tollo;ed in 1mprov1ng'the accuracj, (a) by refining
the intensity measurements on the spectral lines, and
(b) by improving the reproduclibility of the excitation used
-'to generate the spectral energies to ﬁe measured.

In industrial control asnalysis, fairly good accuracy
is obtained in many cases using the photographic technique,
and more recently, using direct reading devicesl»2,3,%,

To 1llustrate the méthoda employed, suppose it is desired
to obtain the percent concentration of an element X in a
sample containing a control element A. In metal samples
the matrix element of the sample is usually chosen as the
element A. Two suitable spettral lines are chosen having
intensities Ix and Iy which are due to the presence of

. elements X and A. If the concentration of the element A
is substantislly constant, the intensity ratio Ix : Ig
will be in direct proﬁgrtion to the concentration of the
element X. The proportionality constant will depend uﬁon

the lines chosen, and may be found by the use of standard

samples of known chemical composition.
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In the photographic method, the spectrum is exposed
to a sultable photographic emulsion for a perlod of t
seconds. The emulsion is processed and the densitles
Dy and Dy of tre lines are read on a microdensitometer.
From these readings the intensity ratio Ix : Ig may be
calculatec,

In the direct reading method, the spectral lines
to be messured are allowed to fali upon the cathodes of
two electron multiplier phototubes for a suitable period
of t seconds. The photocurrents Jx and Jg are compared
by means of an electronic circulit which produces a dial
reading varying with the intensity ratio Ix : Ig. This
dial may be directly calibrated in perceht X.

In 1942, Vincent and Sawyer® showed that in the
analysis of chromium in steel, deviations in the analytical
results were attributable largely to variations in the
excltation conditions when the source constants wdroAfixod.
Thus a point has been reached where further improvements
in the precision of intensity measurements of the lines
result in only minor imorovements in overall accuracy;

The most profitable course therefore apnears to be in the
1mprovem§nt of revroducibility in exciting the spectrai
en‘erg‘;es- |

For quantitati;e analysis of metals, the semple 1is

usually & pair of cylindrical pins 3/16 to } inch in




Se

diameter. These are ground at the tips to a standerd shape,
and placed in clamps to form a gap. A spark éurrent is
passed through this gap qhich evaporates-metal from the
tips and excites the resulting vapor. The light energy
1§.ana1yzed by means of a spectrograph. In cases where
the concentration of the element to be determined is very
small, a;c excitation is used. But in general, spark
excitation gives more uniform sampling of the pins, and
~better accuracy in the analysis. Arc currents used are
of .the order of 3 to 12 peak amperes, while spark currents
‘used are from 100 to 1000 peak amperes. The durstion of
current‘flow per svark 1is relatively short, ranging from
10 to 100 microseconds.

Changes in the stasndard deviation of quantitatlive
results with éhanging source conditions may be studied
by the photogresphic method. The method 1s tedious, for

many months of work are required to obtaln sdequate data

for such calculations. Although valuable information

is obtailned about the optimum source conditions for indust-
riél control snalysis, the method gives 1little information
about the basic causes of the varlations. The oproblem is
further complicated‘by the fact that different optimum
conditions are found for different alloys, and frequently
for different elements in the same alloy. To find the

causes of these discrenancles, one must obtaln more



knowledge of the mechanism involved in excitation. The
present work 1is thereforé devoted to the study of inten-
sitv variation of certaln spectral lines during the short
interval of spark current flow, and its relation to this
current. It 1s hoped ti:xat this will lead to a better

understanding of the mechanism involved.
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II. APPARATUS

A. GENERAL REQUIREWMENTS

1. Cathode ray equipment for simultaneous recordling
of the light intensity variations and spark c¢urrent of a
single spark or series of sparks.

2. A’suitable;pickup to convert the light pulses into
electrical impulses which is sensitive in the ultraviolet
end has adequate frequency response to detect the variastions
sought.

3. A sultable wide'band amplifier of sufficlent galn
to produce derlection‘voltagqstrrom these electrical
1mpulaes.

4., A driven sweep synchronized with the beginning of
the spark, and a gating arrsngement, so thatr;;;-bditicﬁlar
spark in the cycle may bevpreoelected and displayed either
once only for photographic recording, or repeated at a 60
cycle rate for wvisual study.

5. The apparatus must not be affected adversely by
the strong radiofrequency electromagnetic field present

-

. near the spark source.

B. DESCRIPTION OF APPARATUS
1. A general layout of the apparatus. is shown in

Fig 1. A current nickup R is inserted in the spark
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Fig 1,
GENERAL LAYOUT OF APPARATUS

R 18 a high wattage non inductive resistor

used as a current plickup.

P 1s the Phototube Unit aerving as the

/
light pickup.

Cl and C2 are.coaxial cables each terminated

by an appropriate terminating resistance R,.

-
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circuit close to the sample gap. Its potential terminals
are connected to one channel of the Duoscope by a properly
terminated coaxiesl cable Cl. The phototube unit P, located
on the spectrograph, is simllarly connecteé to the other
channel of tlie Duoscope. ZEech terminating resistance Ry
was adjustec to within 2% of the chesracteristic impedance
of the coaxial cable as quoted by the manufacturer.
ﬁistortién of signals due to standing wavés or reflections
in the cabies was thereby avoided.

2. Current Pickup. A non inductive resistor capable

of carrying the high peak spark cgrrent gnd of dissipating
the heat was required. Since RMS spark currents of 10
amperes were commonly used, a dissipation of 100 wetts

is réquired for a one ohm resistor.

To give a true representation of current, the device
must have an 1nductige reactance which is small compared
to its resistance at the highest frecu=sncy employed. In
general, spark current frequencies are not in excess of

one megacycle per second, and at this frequency an induct-

ance of 10™8 henries would present an impedance of

j2w x 10'2 ohms. For a one ohm resistor this was considered
small enough so that effors due to 1nductive effects could
be ignored.

Several of these resistors were constructed having

resistances from 1.0 ohm to 0,1 ohm. The method of



construction is shown in Fig 2. The resistance element R
is a length of #Copel Ribbon % inch wide and .005 inch in
thickness. It has a resistance of .185 ohms per foot, and
a negligible percent increase in resistance between 68° P
and 900° F according to the manufacturer®. The ritbon is
folded back and forth over a span of about two inches, and
the folds interleaved with sheets of mica M, approximately
-001 inch in thickness. The whole 1s then firmly clamped
between two heavy brass plates BB, which serve as the
terminels and provide the neceséary heat radiating area.
The clamping provides good thermal contact between the
rssist#nce element and the terminal nlates. Separate
current and potential terminals are provided.

It is to be noted that the magnetic flux around anyA
section of the reslstance element is confined to a cross-
section area of about .002 square inches, while the length
_6f the flux path is more than 4 inch. This feature gives
the extremelj low inductance recuired. The inductance of
the one ohm resistor was measured at ssaveral frequencles
from 25 to 75 megacycles on a high freouency Q meter by

the substitution method. The average inductance thus

found was 1.1 x 16‘é henries.

#Copel: an alloy of 55% Cu and 45% Ni.




Pig 2.

CONSTRUCTION OF NON INDUCTIVE RESISTOR

R Reslstance element, Copel ribbon
M Mlca sheets

BB Brass plates
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Se Phdtqtube Unit. The Type 1P28 electron multiplier
phototube was housed in a light-tight brsss housing |
together with an sttenuator, band-1imiting switch and
cathode follower. Light'rrom the Bausch and Lomb quartz

spectrograph was admitted through a slit located in the -

focel plane of the instrument. The effective slit width
was sbout 100 microns. An adjustable, front-surface-
aluminized mirror was used to direct the light passing
through the slit to the most sensitive portion of the
phototube cathdde surface. Horizontel motion of the
sl1it and housing was obtained by mesns of a lead screw
and micrometer head.

The electrical circult of the unit is shown in Fig 3.
The 1600 ohm anode load of the phototube is tapred to
provide attenustion in factors of 2. The output of the
attenustor switch 82 is fed to the grid of a 6J4 csthode
follower which makes an appropriate impedance transform-
ation to feed the coaxial cable. The cathode load consists
of the cable and 1ts terminating resistance Ry. The band
limiting switch S1 inserts various condensers in parallel
with the phototube loed resistor to provide bandwlidths of
0.1, 0.3, 1, 3 and 10 megacycles. Condenser‘vglues were

chosen to produce 70% response at these frequencies.

No condenser is required for the 10 megacyclé position of

81 since the bandwidth 1s here 1imited by the tube and circuit

capacities which are in parallel with the anode load.
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Fig 3
CIRCUIT OF PHOTOTUBE UNIT

Resistor values ar: given in ohms unless marked
K for thousands or M for megohms. Resistor

ratings are % watt unless otherwise specified.

Condenser values are in microfarasds unless marked

PF for pilcofarasds = micromicrofarsds. Polarity

marks indicate electrolytic condensers.

Filament and plate current for the 6J4 csasthode
follower, and phototube voltage are supplied
through a shielded cable.



voor T1 H 1

kﬁh S EE
v oo/ - | .
/00 kn..w.g\
o !
U ooc £
O O
o/
% U oot s '
O
= U 008 5
O O— D.I7Y N 000/~
[07-) :
Ly V/ | 4 W/ ?
— \ Qo - |
\ T
(O
.uqh.\b/ A.\:\Q,u Wi ,
SULE \/ a
—|
aamorros | ——— $00- « e/ |
FOOHLYD
e car>
I$06- Y1
Mee 5 Y
DI N OS2+ | +1l- 100+

% £




12,

The cathode follower 1s supplied with a regulated:
voltage of 220 volts. This 1s dropped to 190 volts at
the plate by the decoupling filter consisting of the
2.2 K-resistor and 4 uf electrolytic condenser. The
.005 uf mica condenser 1s connected directly at the plate
rin of the socket, providing a good RF ground at this point.
Decoupling is required to prevent the introduction of
spufious signals nicked up by the power cable. The gain
of the cathode follower 1s approximateiy 0.5. A photo-
tﬁbe anode current pulse of one milliampere produces a
voitago pulse of 0.8 volts across Ry with 82 set for no
attenuation.

The phototube dynode potentials are provided by =
regulated voltage of -1,000 volts and a bleeder conqistins
of ten .1 megohm resistors. S3ince the photocurrent rulses
are rether large compared to the average current, filter
condensers are provided for the last four dynodes. This
assures that dynode voltages will not change sppreciably
during the'pulse pf photocurrent. Assuming a stage gain
of 3, and an snode currant pulse of one milliampefe 1asé1ng
S0 micrdaeconds, one may caelculate the change in voltage
on dynode 9 as follows. The current in this dynode will
be the anode current minus the current contfibutod by

~ dynode 8. Sinée the stage gain 1s 3, the net current in

[3
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dynode ¢ will be 2/3 of the anode current or 0.67 ma.
The change in voltage at dynode 9 will be glven by

1 it
‘_AEscofidt- o

and on inserting the vulues C = ,01 uf,, 1 = .67 ma.,
and t = 50 usec,, one obtains AE = 3.3 volts. Similar
calculations for the other dynodes to which condensers
are connected give the following values of AE for the

assumed conditlions.

Dynode No C AR
8 «005 uf 2.2 volts *
7 002 1.85 .
6 .001 1.25

Condensers are not required by the other dynodes since the
currents are much smaller here. For instsnce the current
in dynodo 5 is 9 microamperes for the assumed condlt;ons,
and the change in voltage here due to changes in the IR
drops in the bleeder resistors is leas than one volt.
No appreciable error will be introduced in intensity
patterni by voltage changes of the magnltudes mohtioned.
4. Duoscope. The Duoscope is s two channel synchro-
scope with coupled horizontel aweeps; A block dlagram of
thé Duoscope Equipment is shown in Fig 4. The 1light lines
and arrows on the disgram indicate the flow of DC power and

heater current to the various units. ‘The heavy lines and
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Fig 4

144

BLOCK DIAGRAM OF DUOSCOPE APPARATUS

Units in the first three columns at the
left comprise the 1ndicator chassis or

Duoscope propef.
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Fig 5.

PHOTO OF DUOSCOPE EQUIPMENT
'
Units are mounted on a standard

five foot transmitter rack.
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arrows indicate the paths taken by the signals and pulses.

With the exception of the Video Power Supply, the
units in the right hand column are powered from the Model
1000 Sorensen Regulator at the bottom. This provides
power at a steady voltage of 115 volts regardless of line
voltage fluctuations. The units in the first three
columns at the left, including the two Dumont S5RP1l1lA
cathode ray tubes, comprise the indicator chassis or
Duoscope proper. The units are mounted on a standard
five foot transmitter rack as 1llustrated in Fig 5.

Each of the units will now be considered in detail,
and the operation of the whole will be summarized in
‘Section C.

8. Cathode Ray Tubes. Since 1t was desired to display

twoitraces simultaneously, a double gun cathode ray tube
such as the 58P ;as-considered. Howeier 2 relatively high
beem intensity was required for photographic recording of
‘single events at the high writing speeds involved, and for
this an intensifier voltage of sbout ten kllovolts was
required. Since the 5SP 1s not designed for this high a
voltage, it had to be abandoned.

In most cathoée ray tubes of the post.derlection
intensifier type such as the SCP, the ratio R = E3/Ez
may not exceed about 2.3 without producing an objectionsble

" deflection distortion?. Hers Ea repreaénta the voltage of
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the final anode, and Ez that of the second anode, both
measured from the cathode. However by using a speéial
arrengement of the intensifier anodes and a different
construction?, the SRP11A tuhe permits satisfactory
operatioﬁ at R = 10 and values of E3 up to 25 kilovolts.

At the time of constructing the apparatus, the SRP
types were not available in double gun models, and.there-.
fore it was necessary to use two separate SRP11A tubes.
These were operated at E2 = 1.5 kilovolts, snd Egz = 10
kilovolts giving R = 6.,7. With these operating conditions
a deflection factor of about 90 DC volts per inch was
obtained with no noticeeble deflection distortion.
Separate focus and intensity controls were provided for
each tube, |

6, Video Amplifiers. Two video amplifiers are
provided, one for each channel of the instrument. The
circuit dlagram is shown in Fig 6, and is the same for
both amplifiers. ?heir frequency response is flat withiln
2 decibels betweon 10 cycles and 6.megacycles as indicated
by the curve in Fig 7.

In Fié 6, Switch S1 at the innut terminals prdvides
@ 93 ohm innut resistance for correct termination of the
coaxisl cable. With S1 open, the effective input impedance
1s approximétely one megohm in parallel with 26 uuf. The

three position switch 82 provides attenuation ratios of
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Fig 6.
VIDEO AMPLIFIER CIRCUIT
Resistor values are given in ohms unless marked
K for thousands or M for megohms. Rosistor ratings
are 3 watt unless otherwise specifiled.
Condenser values are in microfarads unless marked
PF for picofarads = micromiérofarads. Polarity marks

jndicate electrolytic condensers.

Inductances are given in microhenries and are slug

tuned. They have a rating of 100 milliamperes.

CRT represents the Cathode Ray Tube.
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Fig 7.

FREQUENCY RESPONSE OF VIDEO AMPLIFIXERS

The zero decibel level in the diegram corresponds
to a mid-freouency voltage gain of aprroximetely 250.

LY




o/

s

o/

o/

&

g9/

20/

o/

I

|

4.

aNo2F7S

dId SITIAI NI AD

lglo ¥ [- 2]

_

T
¥

S

.

I

-+

w L L |
IR X : ; ' Y '
mm» “ : ; w H _[. '
D | o o o S138/1234
, ; i : :
! R — et N/
- bt : 4+ w
S S | . » NIVO
~ ! i et
[ : N | . n
1 k +

| i |

I
]

o/-



20.

100:1, 10:1, and 1:l. The condenser and resistor values

are chosen to satisfy the relations

B - 52 - 10 (1)

which are necessary for equal attenuation of high and
low frequencies. C represents the capacity of the atten-
uator output circuit. The method of adjusting the trim-
ming condensers Cl and C2 is described in the next qeetién.
The output of the attenuator is coupled to the grid
of cathode follower Tl. The cathode is coupled to RE
which serves as the gain control. The moving contact of
RS is coupled to the grid of the first emplifier tube T2.
The type 8AKS tube used here has a gold plated grid, and
is therefore subject Jo considerably less electron emission
from the grid than conventional grids placed in such close
proximity to the hot cathode. A large grid circuit
imped;nce is therefore permissible. With a 10 megohm grid
leak, the tube develops between 0.5 and 0.8 volt negative

bias due to Edison effect, and.obvistes the need for other

biasing arrangements.

The remainder of the smplifier was designed in accord-

ance with conventional video design methods described by
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Toxmans. A top frequency of 8 megacycles was chosen as

a design figure. A two terminal coupling network was used
between T2 and T3 while a four terminsl network was used
between T3 and T4. The centre values of the slug tuned
peaking coils L1, L2, L3 and L4 were calculated to glve
circuit Q's of approximately 0.7. Commercially avallable
slug tuned HP oscillator coils ;ere rewound to give the
proper values. The adjustment 6f”tﬁé‘peaking coils 1s
described in the next section.

| The final amplifier stage 1s a push-pull palr of

807 tubes, T4 and TS. The grid of T56 is held at a steady
DC potential of 68 volts. The grid of T4 is driven by the
output of T3, and cathode coupling of T4 and TS5 1s used to
provide the required inversion for nush-pull operstlon.
The 807 tube is rated by the manufscturer at 30 watts
maximum plate dissipation, but évorrating teats showed

that satisfactory tube life for intermittent operation

was obtained even at 50 watts. The amplifier was designed
so that the plates of the 807's would dissipate 40 watts
each. Parasitic suppressing resiétors R6 and R7 were used
in series with the grid and plate of each 807.

The double 4 megohm potentiometer R8 serves as the
vertical position control, and a swltch (noé shown) dis-
‘connects the smplifier and provides direct connectlon to the
deflection plates through a separate input terminal when

desired.
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7. Adjustment of Peaking Coils and Attenuator

Trimming Condensers
The peaking coils Ll to 14 of the video amplifiers

were adjusted with the aild of a 100 kilocycle square wave
generator having low output 1mpedance{ The adjustment in
each case was made to pfoduce the fastest rise in the
leeding edge of the aqﬁare waverwithout overshoot as viewed
on the screen of the cathode ray tube. The square wave
wés first espplied to the grid of T4 with T3 removed from
its socket. L3 was adjusted with the lower deflection
plate (in Fig 5) grounded. Then 14 was adjusted with the
upper deflection plate grounded. Settings were then checked
with the ground removed. T3 was replesced in its socket and
T2 removed. The square waverwas aprlied to the plate pin
socket of T2 and L2 adjusted. T2 was replaced and S2 set
in the 1:l1 position. The sqguare wave was then spplied to
the input and L1 adjusted. |

The adjustment of the trimming condensers Cl and C2
was then made. This wes done in a similar manner except

"that a 10 kilocycle équare wave was used. Thils wave was

aprlied to the input terminsls with Sl oﬁen. wWith S2 in
the 106:1 position, C2 was adjusted for the most faithful
reproduction of the square wave. With S2 in the 10:1
position, Cl was simllarly adjustéd. The aprearance of
attenuator response to the 10 k¢ square wave for different

condenser settings 1s shown in Fig 8.



23.

Fig 8.

ATTENUATOR RESPONSE TO 10 KILOCYCLE SQUARX WAVE
AT DIFFERENT SETTINGS OF TRIMMING COUNDENSER

~A. Trimming condenser set high
B. Trimming condenser set low

C. Proper acjustment
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8. Oate Generator. This circﬁit provides a means
of selecting a portion of the cycle for study at the
exclusion of other portions. A phase shift control permits
the selected portion to be shifted manually to any phase
position in the cycle. The method employed is to generate
a gaste pulss which is fed to one chennel of s colinclidence
circuit or mixer tube, while the synchronizing signal is
eprlied to the other channel, The'operation of the mixer
i1s discussed in part 10 of this sectlion.

The circult of the Gaee Generator 1is shown in Fig 9.
Tubes Tl and T2 ere overdriven amplif;era which oroduce
at the right hand plate of Té a 60 cycle aéuare wave which
is ih phase or 180° out of phase with the line frequency
depending upon the position of switch S1. This square wave
is differentiated by an RC circult so that a peaky wave
results. The peaky wave is composed of & positive and a
nezative "pip" of voltage. The crystal dlode X3 offers
a low shunting resistance to ground for the positive ‘pip,
but a rather high resistance to the negative pip. The
) resulting wave at the anode of Xy 1s a very small positive
pip followed a half cycle later by & raﬁher large negatiye
pip. This ch'circuit which converts square waves into
The negative plp coincides.;n time with the negative going

portion of the applied square wave. The very small pqsitivo
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Fig 9.

GATE GENERATOR CIRCUIT
Resistors are given in ohms unless marked K
for thousands or M for megohms. Resistor
ratings are % watt unless otherwise specified.
" Condenser values are in microfarads unless marked
PF for picofarads = micromicrofarads. Polarity
marks indicate electrolytic condensers.

X1 and Xg are Type 1N34 Germanium Crystal Diodes.

B 1 the control button for Manuel Gate.
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pip 1s of no consequence,

The negative bip at X is used to trip a single-shot
helay multivibrator T3. The control resistance Rl provides
manual adjustment of the period of conduction of the left
hand unit of T3. At the conclusion of this neriod, the
right hand unlit resumes conductlon and its plate voltage
drovrs suddenly. A second RCX circuit connected to this
plate produces a negative pip at the anode of X2 which may
be shifted in phase through 220 electrical degrees by the
control Rl. Since a phase shift of 180° is svailasble at
S1, it is clear that one may.adjust this pip to any desired
prhase position in the cycle.

'~ The gate multivibrator T4 1s tripped by this negative
pip which is apolied to'the left hand plate. Since the
right hand unit of T4 is normally conducting, a positive
rectangular gate nulse (GATE A) is formed here when tripping
occurs. 32 provides three different RC values in the griad
decay cirecuit resulting in gate lengths of 6.3, 1.0 and
3.0 milliseconds.

If continuously gated operation were sufficient,

GATB A could be used directly. Howevef 1t 1s desired on
occasion to record a single event in a series of events.
In such 8 case the camere shutter would have to be carefully
synchronizé& in order to be sure of obtaining only one event

in the series. A more faclle _méthod is to prevent the gate
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from acting in its normal way, and provide a manusl control
permitting a single gete to be passed in the proper phase
to the mixer tube.

This feature is provided by tubes TS and T6 and theif
sssocisted eircults. #¥hen switch S3 is In the MAN (manual) .
position, T5 is at zero bies, and the circuilt behaves like :
the RCX Circuits previously described, only negstive pips
being vermitted to pass. When button B 1s pressed, the
TS grid voltage drops at once to =105 volts, and begins
to Gecay back to zero. The RC network connected to the
grid of T6 is adjusted by varylng R2 so that ;hé grid
voltage decsys back to zero in exactly 1/60 second.

During this period of negative blas, there will ope one
" positive pip of normal slze permitted to form at the T
‘plata. All successive positive pips will be spoiled by
the low plate resistence of T6 since its grid has returned
to a zero bias condition. 15 is calied the Spoiler Tube

for this reason.

Nhen switch S3 is in CONT (continuous) position, the
TS5 grid is blased at a steady -105 volts, and both positive
and negative pulses are now always unspoiled.
T6 is in & modified Eccles-Jordan or flip-flop circult,
which differs from the multivibrators in that stable con-
difions may exist when either unit of the tube is conducting.

'Let,ﬁs suppose the left hand unit to be conducting end a
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series of negative pips then be aprlied to the left grid.
Thé first negative pip woﬁld transfer conduction to the
right hand unit, and ell subsequent negsztive pips would
have no effect. However if one.positive pip be introduced
in this series, of sufficient size to initiate current in
the left hand plate, conduction would be tripped to the left
side. The next negative pip arriving at the left gria would
again trip conduction to the right hand unit. The right
hand .plate will thus execute a positive gate pulse which
begins with the arrivel of s positive pip and ends with
thé arrival of the next negatlive plp. .
It is now clear that in manual operation, no change

in the output of T6 occurs until button B is pushed. How=-
ever the first complete GATE A to occur subssquent to the
pressing of button B is regenerated by T6; the method
prevents only a part of GATE A being obtained. On con-
tinuous ovperation, every GATE A is regenofatod by T6, for

- now'g;l thbe positive pips are unspolled by 5. The output
gate pulse 1is takeﬁ from a tap in the plate lond'resictor

of the right hand unit of T6. This pulse will hereafter

be referred to merely as the Gate.

9, Synchronisging Pulse Amplifier. The input triode
Tl of this circuit which is shown in PFig 10 acts as a
cathode follower having gain cbptrol Rl as its cathode load.

The output of the gain control 1is amplified by T2 1hyortod
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Fig 10

-

SYNCHRONIZING PULSE AMPLIFIER CIRCUIT

Resistors are given in ohms unless marked K for

" thousands or M for megohms. Resistor ratings are

4 watt unless otherwise specified.

.Condenser values are in microfarads unless marked

‘PP for plicofarads = micromicrofarads. Polarity

merks indicate electrolytic condensers.
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by the cathodyne tube T3, and rectified by the full wave
rectifier T4. "~ The object 1s to produce a positive output
pulse for an input nulse of either sign. The size of the
output pulse may be controlled by adjusting Rl. .
10. Mixer or Coincidence Circuit. Fig 11 shows the

mixer circult consisting of a 6BE6 pentagrid tube. This
tube is so constructed that a virtual cathode 1is formead
in the recion of grid 3. If grid 3 is about 40 volts
negative with respect to the cethode, all electrons
app;oaching from the eathode are repelled and collected
by the positive grid 2. If grid 3 i1s at cathode poten-
tial, the bulk of eiectrons aprroaching it are passed on
to the plate.

The two innuts to this circuit are (1) the positive
pulse from the Synchronizing Pulse Amplifier, and (2) the
Gate. These inputs are applied to grids 1 and 3 respect-
iveiy of the SBEB. The bi;s voltages are so adjusted that
virtually.no plate curfent will flow unless there 1s
coincidence between the synchronizing pulse and the Gate.
#hen this occurs, a negative Tripping Pulse is formed at
the plate. This is used to trip the Beam Brightening and
Sweep clircults discuss;d below. |

If gated operation is not desired, a switch (not shown)
removes the Gate input and provides grid 3 of the mixer

with gzero bias. In this event the circuit produces a
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Fig 11.

MIXER CIRCUIT *.

Resiators ere given in ohms unless marked K for
thousands or M for megohms. Resistor ratings are

4 watt.

#a

Condenser values are in microfarads. Polarity

" .marks indicatna electrolytic condensers.
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Tripping ?ulse for each synchronizing signal entering the
Synchroniging Pulse Amplifier. '
11, Beam Pulse Generator. The purposs of this circuit

is to generate & pulse of voltage suitable for brighten-

ing the cathodo~nay'beama-whon a signal is to be displayed
‘on the screens, so that at other times the screens may
remain derk. The essential roéuirements for such a pulse
are that 1t'be flat topped and have a rapid timé rise. 1t
should also commence as soon as possible after the beginnihg .
of the tripping pulse, so that the beginning of the signal
to be atudlied will not be obscured. |

The heart of the circult is the single shot multi-
vibrator consisting of tubes Tl and T2 in Fig 12. Since the
grid of the pentode Tl is f;turned to B+, this tube is
normally conducting, end its screen is normally at +68 vqlta}

A voltase'divider between the screen and the =105 volt supply

couples to the grid of T2 which is normally slightly below
cutoff at -9 volts. A 10 picofarad pulse sharpening con-
denser is also gaed from screen toAgrid. Scéeen coﬁpling
was ﬁaed in prefeyence to plate coupling to avold undue
loading of the pentode plate circuit.  The result on
tripping the multivibrator is a rapld rise to B+ in the
pentode plate voltage. | | }
The.Trlppihg Pulse from tﬁe ﬂixor (Fig 11) 1is applied -
to the grid of thd pentode through a small cqndenSQr. '?hp

eritical pulse height for tripping, or senaitivity, is
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Pig 12.
BEAM PULSZ GENERATOR CIRCUIT

Resistors sre given in ohms unless marked K for
thousands or M for megohms. Resistor ratings
are % watt unless otherwise specified.
Condenser values are given in picofarads unless
markec uF for microfarads. 'Polarity marks

indicate electrolytic condensers. .
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sdjustable, being controlled by Rl. Upon the receipt of

a negative pulse of sufficient size on the pentode grid,

e rapid tripping action tranafers'conduéélon to T2. The
grid of TZ;}S held at zero bias by the now increased screen
voltage and voltage divider mentioned above. 7The grid of
Tl is driven negative by the drop in plate voltage of T2
and coupling condenser C. #“hen the pentode grid voltage
has returned to cutoff by means of the BC decay'circuit,
conduction 1s resumed by T1. .

The duration of the positive pulse genersted at the
plate of Tl is controlled by the time constant RC. Various
values of C are selected by the switch S providing pulse
lengths of S, 15; 50 snd 200 microseconds. ihis pulse 1s
coupled te the grid of cathode follower T3, with the Contrast
Gain Control R2 as its cathode 1oad. The Beam Pulse output
of R2 is applied to the 1ntenaity grids of the cathede 

‘ray tubes through a suitable blocking condenser for boan

brightaning. 5
T4 is uaed to prodnce a negative Kaying Pulno of tho
same duration as the Beam Pulse for the purpoae er cri¥

the aweep Generator .

Pulss from T4 of Fig 12 u appliod to the grm”
',aweep generator tube ol 1n Pig 13. Thia tube 1

_at zerc bias, and 1ta plate voltage is norﬁ
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Pig 13.

SWEEP GENERATOR AND AMPLIFIER CIRCUIT
. []
Resistors are given in ohms unless marked K for
thousands or‘H for megohms, Resistor ratings are

4 watt unless otherwise specified.

coneenser values are given in microfarads unless
marked PF for picofarads. Polarity marks indicate

electrolytic condensers.
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Ir C is the Capacity connected between the plate and 5round,
then the piate voltage Eiwill'rise when the grid is driven
beyond cutoff by the Keying Pulse, the {nstantaneous plate
ioltage t seconds after cutoff being given by the equation

E = (Bp-EN-e TO) 4 (3)
where E; 1s the initial plate voltage, By is the plate -
supply voltage, and R 1s the plate load resistance. At
the conclusion of the Keying Pulse, C 18 discharged éhrough
the tube, the plate voltage rapldly returning to its initial
value Eg. |

Switch S provides the selection of various values of
C to correspond with different Beam Pulse durations. The
C values chosen give about 156 volts of rise in B between
the beginning and end of the Beam Pulse. Since this 1s
only about 7% or'(nb -»81), the_voltage_rise is approx-
imately linear with time in the interval, This swoép
voltage 1is appiio& directly to the gria of T2, a cathode
follower having the Horisontal Gain control R2 ss its .
cathode load. The output eontaét of R2 1s fed to the push=-
| pull sweep amplitier, tubes T3 and 4. The amplifier givtl :

uniform raaponse up to one mogacyclo. and drives the

The Auel 4 megohm potantianstsr R3 is the Horiaongfl
Position Gontrol.- | | o ve

4horizonta1 deflecting plates of both cathode ray ﬁnh.g, ‘;“_5”"’
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"+ A switch (not shown) permits the selection ot‘.
continuous 60 cycle sawtooth sweep voltages as the input
‘6o T2. This sawtooth voltsge is synchronized with the line
7froqdeney, and 1s generated by a conventional relaxation |

oscillator circuit using a thyratrdn.

13. Power éugglieg;”:Tﬁa various power auppliéa shown
in the right hand column‘or Fig 4 are poﬁered from the
Model 1060 Sorensen Regulator at the bottom.. Space
‘prohibits the discuééion of these in detail, but a summary
will be made here. Critical voltages were provided by

:eioctronié regﬁlators of the type described by 81119, and

the oﬁération and method of adjusting these 1a-given in

the appendixa

Al

The Main Power Supply provides +350 volts unregulated
'DC at 30 milliamperes for the Sweap Amplifier, +225 volts
" regulated DC at 70 milllamperes snd -105 volts DC (VR tube

regulated) for the puisé and sweep gonééhtoré,‘-aiﬁ v°1ta

DC (VR tube regulatod) for the poaition eontrols, and 6
volts AC for the heaters.
The Accelerator Power Supply provides -1500 volts DC.
for the cathodes and 6 volta AC for the hoatera of the cnthods

*

"ray tubes.” ] ,
5 The Intensifier Power Supply provides +10 kilcvolts'

  56 for tﬁo 1ntenaifior aloetrodes or the catha{
*th 13 an RF type Dumont High Vbltage Po”;r¢3upy

Q?Sag. The above throe supplles wdre caﬁb




chassis for convenience.
The Video Power Supply provides 650 volts unreguls ted

DC at & amp for the finels, and 220 volts regulated DC at
150 milliamperes f&r the remaining stages of both Video
Amplifiers. 6 volts AC is slso provided for the heaters
of the video émpllfiér tubes. ' : :

| The Phototube Power Supply provides 220 volts regulnted'
DC at 15 milliahperes, and 6 volfs AC for the cathode follower
of the Phot#tube Unit, and a maximum of -1200 volts regulated
. DC at 1.2 milliemperes for the multiplier phototube. The
1200 volt regulator.ié of the type used by Kessler and
¥olfel® for the same nurpose, and 1s provided with a manual
voltége control providing a range of 20 to 120 volts per

stage on the phototube.

14, Marker and Squ

are Weve Generator. This unit
providas a source of 100 kilocycle square waves used as
described above in section B.9. DBy differentiating the
square wave output, marking pulses-are generated at five
microsecohd intervals having alternate polarity.

The circuit is ahown in Pig 14. Tl is a rélaxation

oscillator arranged to prodnce at A, a short poaitive pulse _Qi

at a repetition rate of about 500 per aecond. This pulso
_is used as the synchronizing output, and also trips th’
gate tube T2 which generates at B a 250 mlcrosecffd
ggte. This gate is applied to the gridsuoiith_ K
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Pig 14.
MARKER AND'SQUARE WAVE GENERATOR CIRCUIT

Resistor values are given in ohms unless marked
K for'thousahds or M for megohms. Reslistor retings

are 4 watt unless otherwise specified.

Condenser values are in microfarads unless marked
PF for plcofarads. Polarity marks indicate

electrolytic condensers.

Inductances are in microhenries except where marked
ME for millihenries. Ll is a parasitic suppressor.

12 1s 8 slug tuned pesking coilQ
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ljation of the LC tank circuit. Transitron oscillator T4
sustains the oscillstions in the tank at approximately
constant amplitude for the duration'of the gate. At the
conclusion of the gate, the keying tube resumes conduction,
and damp# out the tank oscillations by virtue of its low
plate resistance.

PTrimmer condenser Cl was adjusted‘to produce an
oscillator fregquency of 100 kilocycles - ¥ 34. This was
done by oscilloscopic comparison with the output of a
Hewlitt Packard oscillator generating 50 kilocycles. The
latter was previously calibrated against the WWV rrequéncy'
standard. The T4 oscillator operates by virtue of the
negativé resistance offered by its screen to the tank

circuit. It is stabilized in frequency by supplying the

circuit with regulated B+ voltage from the voltage regulator
tube T8. - | |

TS and T6 are clipper stages which convert the oscillator
output into a square wave at D. The peakingvinductance L2
was adjusted to give an output wave having minimnm time
rise without overshoot. The cathode follower Tv provides
low output impedance.

When switch 82 1s open, the output E of the cnthddé
follower is difrerentiated by an RC circuit having a timo ‘
constant of +05 microseconds. Tho output wave produced at:,‘

F is then a series of marking pulses of aslternate polarity
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spaced at 5 microsecond intervals. When S2 is closed,
the square wave output 1is 6bta1ned. Rl is the outpuf
gain control for both markers and square waves. _

A train of pulses is initiated by thé trigger pulse
at A, the train lasting for about'250 microseconds, and
these trains are repeated at a 500 cycle rate.

Rige time of a pulse 1is usually expressed as the time
taken in going from 10% to 90% of maximum value. On this
besis, the rise time of the square wave output was slightly
less than O. 1 mlcrosecond as indicated by a synchroscope

having a calibrated one microsocond sweep.

C. SUMMARY OF DUOSGOPE OPERATION

1. The various units discussed act together as
diagrammed in Fig 4. When a synchronizing input signal
18 received during the Gete, the Mixer transmits a negativo

» Tripping Puiae to the Beam Pulse Generator. The beéqs of .

the two cathode ray tuhes are brightened, and the driven
sweep 1n1t1ated. Whatever signals are applied to.the inputs
of the two Video Amplifiers are then displayed on the cathode
ray screens for the duration of the sweep. Sweep duration

1a controlled by a switch 8 1n the Beam Pulse Generator
circult, Fig 12. Driven sweeps of 5, 15, 50 and 200
microseconds are provided. Sweep celibration may be obtainod

by applying the 5 microsecond marking pulses from the Markor
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Generator to the input terminals of one or both Video
Ampliflers.

2., Synchronizing Sigﬁal. Since a large burst of
electromagnetic energy 1ls released from the spark source
at the beginning of each spark, a few feet of wire acting
as an antenns pickﬁp provides an adequate synchronizing
signal. Becsuse of the full wave rectifier feature of
the Synchroniging Pulse Amplifler, the beginning of the
first oscillatlon (whether positive or negative) Qf antenna
voltage generates the réquired Tripping Pulse when 1t |
coincides with the Gate. |

3. Adjustment of the Gate. When 1t 1is desirec to

observe only one signal of several which may occur during
the cycle, signals are displayed on a'GO éycle sweep.

#hen using this sweep, & portion of the Gate 1s fed to the
intensity grids'of the cathode ray tubes. Thus a portion

of the trace 1is brightened, permitting the Gate phase pos-

ition to be observed and adjusted to include the signal
desired. The Gate width is slso adjustable, and must ﬁb
nar:ow enougch to permit only the signal desired to be
selected, yet wide enough to take account of the time
jitter of this signal.

" After the Gete width and phase are adjusted, driven
sweep'oﬁeration 1s selected, and the desired signal

displayed on & sultcble fast sweep. Either manual or
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continuous gating may be employed, the latter being most
useful for visual observation. In photograph1c~recprding,
madha; gating 1s used to obtaln single-shot exposures, and
the intensity controls are adjusted to keep the screens
dark when no signals sasre dlsplayec.

To obtain a film record of the whole sequence of
- events, ungatéd operation may be used as described at
the bottom of Page 30. In thls case the sweep 1s initiated
for each spark, and the fllm 1s moved sufficiently between

sparks to separate the images.
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IIXI. PHOTOTUBE CHARACTERISTICS

A. Circuit for Meximum Gain

Since the problem of shielding the signal cables
against the high frequency electromagnetic field of the
spark source is less serious as the signal level is raised,
it 1s deslirable to obtaiﬁ the maximum gain from the photo-
tube comnensurate with the bandwidth required. The
frequency response of the Phototube Unit will fall with
increasing frequency to 70% when a frecuency fo 1s reached
such that ,

2wfoCR = 1 3 (4)

where.c 1s the shunting capacity in farads in the output
circuit of the phototube, and R is the anods load or
coupling resistance in ohms. It 1s desirec to examfhg
frequency components up to 10 megacycles if.possiblé, and
by substituting fo, = 107 and ¢ = 10~1! farads in equation
(4), a value R = 1600 ohms 1s obtained. Thls value was

used as the anode load of the phototube as shown in Filg 3.

B. Noise snd Dark Current.

The root mean squaere noilse voltage due to dark current
in a nine stage multiplier phototube 1s given by the -

equationlo
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10
= (5)

2R%e aflo Xyt

where v; is the RMS nolse voltage Setween f and £ + af
cycles per second, R 1s the anode load resistance 1n ohms,
e the electronic charge, I, the DC component of dark
current, and x the mean stage gain of the phototube dynodes.
Measurements on early mddels of 1P28 phototubes gave
dark currents of thevdrder of 10”7 amperes. Recent
improvements in constructlion of these tubes have resulted
in considerably reduced dark currents. Twelve new 1P28
phototubes’were tested at 100 volts per stage. Of these
one was unstable (gas reject) and another had a dark
current of 22 x 109 amperes. Dark currents of the re-
maining ten tubes ranged from 0.8 to 9.2 x 10°9 amperes,
the sverage being sbout 2 x 10~9Y amperes. Using this
average value in equation (5) énd éséﬁming a total
amplification of x? = 200,000 one has V§ = 5 x 107> RMS
volts with R = 1600 ohms and a 10 megacycle bandwidth.
Since this voltage is well below the detectability .
of the Duoscope at full gain, no noise fluctuations would
be expected to apnear on the oscllloscope screen in the

absence of signal, and this wss indeed the case.
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C. Noise and Signal Current

If the photocurrent at the cethode is 1p, then
the output current due to the light 1s
I, = ulp (8)
where u is the amnliflicatlon of the phototube. Anode

noise current due to shot effect from the photoelectrons

will be produced, the RM3 ouﬁput current belng

( T2 )% = u(zeariy)? | (7)
To this the HMS nolse due to the dark current must be
added, but this hes been shown to be so small for the
new tubes that it may be neglecteé here. The signal to
noise retio S may now be found by divi&ing (3) by (7)
resulting in the equation

2 1p2

u? 2eAfly 2e AT .

For an output current of one milliampere, and an assumed

amplification of 200,000 one obtalns S = 39 for the
ttieoretical signal to nolse ratio at a 10 megaqycle
vandwidtl:. In practice s slightly smeller S 1s obtained
vecause of the random process of secondary emission not

taken into account in equatioh‘(V);

Equation (8) shows the sienificant fact that 3 is
independent of the values of u end the load reslstence R.

It 2130 shows that only two methods are availablé for
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increasing S. The first is by decreasing the bendwidth ATf,
and the second 1s by increasing the photocathode current ip.
A conssquence of decreasing the bandwidth 1s loss of
detall 1n the signal beiny otserved, but since tivis detsil
may be obscurad anyway by the rroise fluctuetions, an
optimum value of bandwldth will exiat for each signal,
depending uron the smount of nolse which may be tolersted
end the charscter of the signal itself. For this reason

a bandwidth control 1s provided in the circult of Flz 3.

D. Selection of Phototubes

The significasnce of obtusining the largest vossible
value of 1p is that we require the most sensitive photo-
surface available. Twelve 1P28 phototubes were therefore
testead for sensitivity, anu for this‘purpose a reprocucible
light oulse cenerator was constructed. This consisted of
a }» watt neon tube in a relaxation oscillator circult
opersted from a controlled voltege source, the neon tube
procducing light »nulses of about 50 microseconds dursztion,
an? of uniform pesk intansitv. The results of testing the
twelve tubes at 100 volts her stage were rerk enode currents
renging from 25 to 4400 microamperes, with an "gsversge" tube
siving about 200 microasmperes. The most s2nsitive tube,

which was selected for subseguent work, was thus about 20

times as sensitive as sn average tube.
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A further consequence of obtaining a large ip is
that the maximum amount of light availasble must be used.
The strongest spectral lines available were therafore
chosen, and the entrance and exit slits on the spectro-
graph made as lerge as wes commonsurate with proper
spectral line 1soletion. On occasion & quartz lens was
used to form anﬁimage'of the sample gap on the spectro-
graph collimating lens, but this could not be used in the
fluctustion studies since variations in spark vosition
on the e}ectrodes introduced an abtnormal amount of fluct-

uation in light received by the phototube.

E. Fatigue in Phototubes

V Large photocurrents are known to produce fatlgue in
multiplier phototubes, the rate of fatigue being epprox-
imately proportiénal to the intensity of illuminationll,

As will be shown latér, the affect of fatligue is of
but secondary importence in the present study. It should

also be mentioned that fatigue in a multiplier phototube

is due chiefly to loss of sensitivity of the later dynode
surfaces, and therefore a large photocathode current ip
which is desirsble for the ressons outlined above, need’
not necessarily result in bad fatigue effects'provided the

tube gein is recuced by lowering the dynode potentlials.
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F. Methods of Attenuation

LLet it be assumed that sufficient licht snd tube
sensitivity are obtainable to prodﬁce more than adequate
signal voltages for recording the intensity patterns.

It then becomes necessary to choose between three methods
of attenuation: 3

(a) decreese the ampllifier gain,

(b) decrease the phototube gain by reducing the
dynode potentials, or

(¢) decrease the light intensity falling on the
phototube with the aid of neutrsal r11tersiQ or by
reducins, the areas of the entry and exit slits of the
snectrograph.

iethod (c) must be svoided since 1t decreases 1p
with a resulting loss in signel to nolse ratio. Since
no 10ss in this ratio results from either (a) or (b),
the choice is based on reduction of tube fatigue. Since
this was eccomplished by method (b) @& phototube voltage
control wﬁs mounted on the front penel of the Phototube
Power Supnly, and this was used as bﬁe gein control for

the system.
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IV. THE SPARK SQURCE

A. CIRCUIT AND OPERATION

1. General. For sultable svark excitatlon, rela-
tively high peak currents and high discharge voltages are
required. The method commonly employed is to builld ﬁp
g8 high voltage 1n a condenﬁer bank and discharge thé.
stored energy cuickly through the sample gap.

In the Air Interrupted Spark Source circult Fig 15,
a variac Tl 1s used to control E, the input voltage to
the primary circuit. T2 1s a 26 KVA transformer, and
'Rg is inserted in series with the primsry to limit the
current. The secondary,‘rated at 33,000 volts, charges
condenser C through Rj to a voltage Epk et which time
the discharge circuit operstes by the breakdown of the
g?ps Gl and Gg2.

A variable inductance Lj and a varisble resistance

R} are used to control the apark current. An oscillo-

scope is commonly emrloyed to observe the break pattern
and measure the breakdown voltage Epk on condenser C.

For this purnose a sultable condenser divider must be
employed. The peak spark current Ipk may be measured with
en oscilloscone connected acrosas the noﬁ inductive resistancq
Ro described in Chapter 11, provldéducertain preceutions 1in

impedance matching snd frequency resoonse are cbserved.
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—Pig 15

SIMPLIFIED CIRCUIT OF THE

AIR INTERRUPTED SPARK SOURCE
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The RMS radiofrequency current in the discharge circuit
may be measured with a thermocouple type ammeter, the
thermal junction T and low resisiance heater H placed
in the circult as shown. |

2, Charging Cycle. The operation of the Air Inter-
rupted Spark Source 1s discussed by 2nns and Wblfela, the
charging and discharge cycles being considered separately.
It is general practice at present to use non-resonant
charging of the condenser by making R, and Ry large enough
to produce critical damping of the charging translent.
If a small charging time constant is used, the condenser
voltage may reach Ep several times in a hslf cycle of line
frequency, thus producing aeverallsparks per half cycle:
The number depends upon the charging time constant and the
input voltage Ey, to the charging circuit. It mey range
from ons to thirty or more sparks per'half cycla.. |

34 Discharge Cycle. The breakdown voltage E;k is
controlled by the spacing of the';ontrol gap G331, and 1is
substantially constant for & gliven ;pacing. Since esach

spark removes nearly all the energy storea in the condenser,

approximately'equal amounts of onérgy are ‘delivered.. Ehérgiqa'

' commonly employed in this work range from 0.2 to 10 joulea'
per spdrk. This energy 1s ahafod between the gaps-ah&

ohmic resistance in the discharge circuit.




) ourrent, a simple equivalent circuit mey be drawn for
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The control gap G1 is centred ‘in s non turbulent
‘stream of eir having a velocity of about 100 meters
per second. The alr stream quickly removes ionlzed’
gases from the electrodés after each spark, producing.
~an open circuit. The velocity of the air stream ls some-
what_crltical. If 4t is too high, the arcing voltage
'acrosé Gy appears .to rise somewhat toward the end of the
discharge period, producing undeslrable variastions in
the energy division between the gaps. If 1t 1s too low,

the ions are not cleared awey rapidly enough, and this

results in an erratic breakdown voltago.

B. Nature of Spark Disch

1. For each spark an undefdamped oscillatory current
flows in the discharge circﬁit. If R is the totai ohmic
resistence, L the total series inductance, and C the capac-

ity in the circuit, the dischearge frequency F is given by

- 1 . R ¥ 1 o
we=ow /oo Tz - A (%)

'l‘he aporoxlmation holds within 1% i1r R < .28 \/% , which
is generallv the case for normal operating conditiona.
If V, the sum of the arc dropa across the gapa 18

aasumod constant over the first halt cycle or discharge s

this interval. From this one may obtain tha condonser {f;;m

X
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voltage as a function of time, thus
. - R ¢
E=V+ (Bpg-V) e °C cos wty O€wtem (10)
where Ejp is the initial value of B, and w is defined
by eguation (9).
The difference 4 1in magnitude of condenser voltage
between the beginning and end of the half cycle is found

_ by substituting wt = O, w in equatlion (10), and subtract-

ing the absolute values:
"d = |Eo| ~ |Ey| _ R
= |Bpy| - {v + (Bpx - V)e~ IT¥ cos w |

"'Epk|'(1 -e IEF),+-'V,'(1 v e Z%F). (11)
As R -0, 42V, end the enve}ope of the condeénser voltage
wave epproaches a straight line since equal increments 6:
voltage, 2V are lost each half'cyéle. The loss per cycle
is therefore 4V, and p, the'number of oscillations in the

distharge may now be calculated by the equation

p = _EL—_\T—-—_—' ' kl4- ‘Br‘ s R=0 - {12)

where E, 18 the voltage remaining on the condenser at the
end of the discharge veriod. -.

The discherge current I, may be obtained for the firat
half cycle by differentiating equation (10) ‘and mnltiply- =
ing by the capacity Cs
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= ag
I1=%%
- R - R
= C (Epg - V) %% e =t cos wt -we grﬁsin wt

O¢gwt ¢ (13)

As R-» 0 this becomes

I = - -v)\/-‘:i ts R = O
_ Fpk LT ogwtgw (14)

and the peak current occuring at wt = 4w has the value
ka-\/-% (Epk - V)3 R = O (15)

Further .details regarding the nature of spark dlscharges
may be found in the work of Kalser and Wallraffl3 and
otheral4' 15,

2. Fig 16 shows A the condenser voltage, and B the

spark current waves on a horizontal time exis. As mentioned
above, a residual voltage is left on the condenser at the
end of the discharge period. This voltage 1s elther
positive or negatlive as the discharge terminates et point
P (so0lid line) or point Q (dotted line).
If the residual condenser voltage is rositive, the

time required to recharge the condenser to +Ep will be

; _ less than if 1t 1s negative. The voltage pattern alter-
nates in a random way between these two conditions givihg
rise to s time jitter, or variation in firing time of the,

second end subsequent sparks in each half cycle. Slight
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Fig 16.

VOLTAGE AND CURRENT WAVES IN THE
DISCHARGE PERIOD

A. Condenser Voltage

B. Spark Current

C. Detall of B near zero
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variatiéns in the breakdown voltage Epy cause an additional
time jitter. The jitter in later sparks in the half cycle
is alwaeys larger than in early sparks since the effect 1s
cumulative over each half cycle period. A time jitter of
500 microseconds i1s not uncommon for the last spsark of a
half cycle. This point must e considered in certain
types of direct reading analyzers using tuned flilters.

The fluctuation in p, the number of oscillatlons
per spark, may be shown by & continunous film record of
condenser voltage. A fast horizontal driven sweep, and
slow vertical film motion are comuvined to faclllitate
comparison of the wasve forms. A portion of the film
recora for 5 sparks per half cycle 1s shown in PFig 17.
Time is increasing from top to bottom, and the portion of
the record shown represents an interval of 1/15 second.
Each separate osclllogram of condenser voltage 1s displayed
on a horizontael sweep of 100 microseconds.

Five m}llimeter gap speacings were used here in both
gaps, electrode materials being tungsten in the control
gap and iron in the sample gap. It may be noted from the
oscillogramq that p var;ed from 10 to 13, and occasionally
an increase 1in Epk occurred for the first spark in the half
cycle.

Fluctuations in p anad Epk are reduced when gap elec-

trodes of low vaporization temperatures are used. For thils
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Fig 17.

FILM RECORD OF CONDENSER VOLTAGE WAVES

300 microhenries

Source Data: L

C = ,0045 microfarads

Ry =0

'n F = 0.15 megacycles
Sparks per % cycle = 5
Control Gap = 5 mm Tungsten

Sample Gap = 5 mm Iron
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reason, magnesium electrodes12 have baen successfully
employed in the control gap.

3. Parasitics. A close examination of the zeros in

the current waves revealed the structure shown in C Fig 16.
When the current reaches zero it remsins there for a very
"short intarvel. This is the time required to charge the
stray capaclty associsted with the gaps from their extinct-
ion voltage to an ignition voltage of oprosite polarity.
When the current is resumed, the abrupt current change
gives rise to the damped parasitic oscillation shown.
This was named the Re-ignition Parasitic because of 1its
origin.. |

Parasitics sre the rn~sult of shock oscillations of
resonant_circuits formed Sy stray capacities snc induct-
ances in the wiring of the source. One would then expect
a parasitic at the'beg;nnlng of the dischargﬁ since a
considerable shock is felt by the whole circult when the
spark first strikes. This Initlal Parasitic 1s generally
of greater amplitude and aprears to contain more frequency

components than the Re-signition Parasitlics, but 1t decays

rapidly to a small vaslue after e few microseconds. rara-
sitic frequencies ranging from one to thirty megacycles
have been observed on different snark sources, but nothing

hes vet been oroven about thelr effect on excitation.
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Oscillograms in Fig 18 are for A condenser voltage,

B spark current, and C current derivative waves for the
first oscillstion of the main discharge trsnsient. Both
Initial and.Rngnition Parasitics may be seen in the
current wave B, The horizontal shelf at the current zeros
i1s indicated clearly in the original record, but some of
the detall is lost in the reproduction.

If & current shelf exists at the current zeros, the
derivative of current, which is normally passing through a
maximun value at these points should also return momentarily
to zero. This return to zero apnears in the points of wave
C which correspond with current zeros. The derivative wave
was obtained by inserting as a plckup, a small inductance
(0.2 microhenry) in place of the resiastance Rz in Fig 14.

The current derivative of the main trensient oscilla-
tion celculated here on the basis of measured peak current
and frequency, has a maximum velue of 38 smperes per micro-
- second. Thne peak value of current derivative observed in

the region of the Re<ignition Parasitics was here grester

than 200 amperes per microsecond. Thus although the para-
sitics sppear quite small in the current wave, they take on
a majof role in the derivative wave when parasitic frequen-

cies are high relative to the maln trensient frequency F.
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Fig 18

OSCILLOGRAMS OF WAVES FOR THE FIRST
OSCILIATION OF THE DISCHARGE PERIOD.
A. COXDENSER VOLTAGE |
B. SPARK CURRE=NT
C. CURRENT DERIVATIVE

‘Source conditions:

"By = 240 volts -
Ro = 10 ohms

C = ,034 microfarads

L = 280 microhenries

F = 50 kilocycles

Ry = 2 ghms

Rg = 1 ohm

Bpk = 12.7 kilovolts
Ipk = 117 amperes

Horizontal Sweep = 25 microseconcs
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V. INTENSITY STRUCTURE OF SPECTRAL LIGHT

A. General

1. Ions and atoms may exist only 1in discrete =znergy
levels &s indicated by the familiar energy level dlagram
Flg 19. - A trensition from en upper to s lower level
results in the release of a gquantum of energy gZiven off
in the form of light.

Let us examine the possible course of an atom which
has been doubly ionized by the removal of two of 1ts
valence electrons. This places 1t in the bDouble lon
Sround State A in the dlagram. Its lifetime in this level
will depend upon the availability of an electron for re-
comtinstion. The déuble positive charge of the ion ovro-
vides & strons force of attraction for any free electron
in 1ts vicinity, and the lifetime is feirly short if there
are a number of free electrons nresent.

Once recombination begins, a csscade of transitions

such as AB, BC,.CDx DE results, and the ion now is found in
the Single Ion Ground State E. During the cascads from A
to B, esch transition 1s accompesnied by the emission of a
spark line. For a particular spark line there 1s s partic-
ﬁlar transition between two levels, the upper level being
'termed the Origin of the line. For example,'the spark

line associated with the CD transition has the origin C.



63.
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- The lifetime in any intermediate level of the cascade
is very short, about 10”8 seconds, snd therefore all the
spark-lines are emitted in a very short time interval after
the process of recombination begins. Thé probability of
exciting the ion further during the cascade ié dulte small
because of the short lifetime in any Intermecdlate level,
the 6n1y exceptlon Seing in the case of metastable states.

If an lon falls into 2 metastable level a downward transition
is not permitted, and the only escape is through subsequent
excitation to a higher level.

Upon reaching E, the lifetime will denend upon the
availability of another electron for recombination. 1In
this caée the 1on carrys only a single positlve charge,
giving only half the ettractive force that it had in A.

The 1lifetime is thus longer in £ than in A for the same
electron environment.

When an electron is ceptured however, a second csscade
results, such as 1s 1illustreted by the transitions EF, PG,
GH, HK. Bach of these transitions is accompanied by the
emission of an arc line, and the l1ifetime in any intermedlate
level 1s agaln v?ry short, about 10-8 seconds. Again there
is only e very small probability of disturbing the cascade
by further excitation while-in one of the intermediate levels.

2. In the spark source there exist two possible mechan-

isms of exciting the vapor particles to high energy levels.
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One is by a cascade process, making use of the Single and
Doubles Ion Ground States, and possibly the metastable

states &s intermediate levels in the excitatlion. The other
i1s direct excitatlion without intermediste stens, anG this is
tiie more probable process durlng the first part of the spark
discharge.

The multitude of-lons form=d by excitation perform
cascades of transitions, esch particle civing out & set
of spsork lines, and somewhst later, a set of arc lines.

The overall affec£ i3 thus a displacemgnt in time between
the pmesk intensity of a spark line and that of an arc line.
This displacement is bleerly demonstrated in the intensity
pattorns which follow.

It mey be here remsrkec that the lnstantaneous intensity
observed in the patterns will accurstely represent the
instanteneous population of the origin level, because the
lifetime in any level (other than the Ground States) Is
smell comparédfﬁo tﬁ; resolution time of the pickup
apnaratus.

3. A typical intensit; pattern for a spark lin= is
diarremmad in Fig 20. Intensity is plotted verticsally and
time 1s measured horizontally from the beginning of the
flow of spark current. The 5 microsecond tlme marks are
here drawn approximately as they sppear 1in the oscillo—‘

crams to follow. G is the period of growth during which
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Fig 20

TYPICAL SPARK LINE INTENSITY PATTERN

B. Initiesl Light Burst

G. Growth Period
P. Peak of Intensity Curve
t, Peak Time

D. Decay Period
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the spark gap is being filled with electrode vapor and'
the population of excited ions is growing in the origin.
The pesk intensity P occurs at the neak time tp when the
origin porulation hes reached s maximun. D 1s the decay
period which frequently exhlbits a wavy chasracter due to
the alternating nature of the spark current. The 1nltial
burst B Sﬁmetimes‘present in the intensity patterns 1s of
very short duration, and is discussed in section D of this
chaptar. It does not belong to the spectrsl lines but

must be conslider=ad as background light.

B, Arc and Spark Lines

1. Pig 21 shows oscillozrams of Iintensity patterns
at the left, and correspohding soerk currents at the rizht
for A an iron arc line, B sn iron snark line, &nd C a
nitrogen spark line. D shows the nitrogen line on a faster
horizontal sween. The time scale 1s given by the 5 micro-
second marking vrulses. Current waves are almost i1dentical
for A, B and C, but striking differences sre seen in the
intensitv waves.

2. The arc line shows slow ~rowth, rounded peak and

rather late decay. The light is emitted from s cloud of

excited vapor which 1s ejectesd from the electrodes. This

L Y

light may persist for long wnerlods, pometimes up to 10-3

seconds after the end of the dischargels, spsrk lines belng
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FPig 21

OSCILLOGRAMS OF TVYPICAL INTRﬁSITY PATTIERNS (left)
AND CiURZENT WAVES (right)

In a2all cases ka = 320 smperes gnd F = 0.3 Megacycles-
for the current waves. Intensity patterns.are for the
following spectral lines:

A. 3059.09 Fe I a3 - 3°D]

4 - 4,0
C. 3329.5 N 1II

D. Same as C at 15 microsecond sweep.






given off for a very short time, and arc lines for a much
longer period. Thls indicates a-oconsidersble "inertia" in
origin popultalon for arc lines. In pepticular'it indlcates
that there is little populstion of the origin level directly
by current excitation. The more probable mechanlism of
populating this low origin level, havins en excitatlon
potentiel here of only 4.086 volts, is by ions previously
excited to higher levels which then tumble through a cascade
of transitions into the origin lesvel. " Th~ fact that only
very small osclllations in iIntensity are Sfesent which
correspond with pulses.df sperk current is further evidence
in this view. |

3. The iron spark line intensity pattern, B in Filg 21
shows falrly rapia growth, sharper pesk, shorter neak time
and earlier decav than the arc line pattern. Light from

spark lines falls elmost to zero at the conclusion of the

discharge period. It indicates less ponulation inertia
in the higher origin levels associated with spark lines.
The intensity pattern slso exhibits some oscilletions at
twice the spark discharge freguency, which again 1s a‘
low inertie pronerty. - .
In'considering the mechanism of populating the spark
line origin, it may be assumed that this is partly by direct
excitation and »artlr by ions cescading down from higher levels

Tr.e cascading time in this case 1s obviously smseller than
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for an arc line 3ince the spark line origin level is still
fairly high. The excitatlon potentlsl of the 2027.,75 Fe 11
line is 13.317 volts.

The rate of growth in intensity of metsal snerk lines

1s 1limited by the rute of eveporation of slectrode materlal
1into the gep, and hience one would not enticipate much
decrease in peak time even for very high level 1ines;
T:1is was confirmea bv obpserving the Cr IV line at 3172.08 g
having an excitation notential of more then 30 volts. This
1ine showed an intensity pattern which was quite Similar to
those of the Fe II lines studied.

4. In contrast to the above, the rate of growth of
the nitrogen srark 1ine, C and D in Fig 21, does not depend
upon the build up of a vapor density since the nitrougen 1s
'already there at the beginning of .the discharge. This
line shows rapild growth, sharp peask, and rather rapld decay
to s low velue after only a few current rulses. The reapid
decay 1s immedlately associated in time with the growth of
the inon sonark line tntensity, and has the simple explan-

ation that air density in the gep 1s rapidly reauced as

_electrode vapor 13 generated. This results in the »resence
of less nitrogen atéms-available for excitation.

The remerkably low inertla of origin population for '
the nitrogen line 1s demonstrated in D of Fig 21. The
intensity returns to a low value bvetween »ulses of sperk

current. 1t thus ngs & character, similar to that observed
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by Diekol® for iron snark lines at comrarstively low dis-
charge frequencies.

Whil> view ng the intensity patte:n for the nitrogen
svark line, & stream of ergon gas suddenly directed
between the electrodes of the sample gap caused the intensity
"pattern to drop at once to zero. This confirmsd that the
line hed been nroperly identified as nitrogen and was not
due to any electrode msterial.

S. The character of arc and spark lines thus glves
us some significant inforimation as to the mechesnism of
excltation. With the first few oscillations of current
(é to 10 microseconds), th2 electrode vapor density builds
up to a maximum and 1s almost immedlaetely excited by
electron collision. Some cascede excitation may occur,
but in gjeneral the atoms are,excited to fairly hich levels
directly from the ground étate.

More excitation of the}higher ener:'y levels may Ye
?xpected tvo occur in the cethode region where.electron
temmerature is high. By dissecting th=s light -of the high
level n%trogen svark line, 1t wes possibtle to show that
light from the regrion of one of the electrodes disapneared
when thfs electrode beceme the enode, ahd resppeared when
it becsme the cathode a half cycle later. The resulting
intensity pattern was then similar to D in Fig 21 excent
that all the_odd numbered oulses of light were missing.

Light from the region of the other electrode showed the
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same patterm with the situation reversed.

C. Optimum Bandwidth

As mentioned in Chanter III there is an optimum
bendwidth for the intensity natterns which 1s s compro-
mise between reduction of the noise and loss of datall
in the signel. Since rather fine detsil and good repro-
ducibility was exhibited by the N II line, this 1s used
to i11lustrete the cholce of bandwidth. In Flg 22, 5
pairs of oscillograms show light intensity on the 1l-ft
gnd spark current on the right. Source condltions were the
sam~ for each oscillogram, and the bandwidth of the photo-
tube system was incressed going from A to E. Multiple
exposures of about 30 shots each were mede in each case
in #n sttempt to'cancel out the source fluctuation. It
anrears from this series that the detaill of the intenslty
pattern 1s not much 1moarea as the bandwidth is reduced
to one megecycle. It may also be noted that the current
wave showed remarkable reproducibility over the 3 second
period of the exposure.

4

D. Background Light

It has been observed with photographic methods that
troublesome background light 1s obtalned on spectrograms

wheén very large srark currents sre used. The charsacter of
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Fig 22.

INTENSITY PATTERNS AT DIFFERENT BANDWIDTIS

Oscillograms of a N II 1line (left) and Spark Current
(right). In each case the exposure was % second
g;ving about 30 superimposed patterns. Source
conditions were the same as in Fig 21. Bandwidths
for the intensity patterns are as follows:

A. 0.1 Megacycle

B. 0.3 Megacycle

C. 1.0 Megsacycle

D. 3 Megacycles ‘
E. 10 Megacycles
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phis background has not been well understood.

In making observations on spectral lines at high
peek currents it was noticed that a sharp initial burst
ot l1isht, B in Fig 20, was often present at the beginning
of the discharge; The burst does not apnear to be assoc-
iated with eny line since it versists when the slit 1is
moved off the 1lilne. The burst shows qulte slingular
charascter, reaching a maximum intenslty almost immediately,
and in tlie absence of a spectral line, returns to a small
valué in one microsecond. Its intensity 1s a seonsitive
function of pesak spark current, a high peak intensity
beilng obtsined at ka = 700 amperes, and less than 10%
of this value at ka = 300 amperes. |

The peak intensity apneared to be unaffected by using
different electrode materisls in the sample gepe. Pure‘
copner, pure carbon, brsss, zinc and iron were us ed
with no change. This was elso unaffected by a stream of
arron or methane gas directed across the sample gep.

The 1irht was dissected to determine 1f there existed
a preferential region in the gap where the burst was stron-

gest. A quartz lens wss used to form an imsge of the gap

on the entrence slit of the spectrograrh. A 5 step Hart-
mann dlaphragm was then used to examine different regions
of the gap. No preferential region was founa.

The burst was observed to be strongest in the 3300 -to

ss00 R region of the spectrum, and was reduced in intensity
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outside of this region. The fall off abov~ 5500 & coin-
cides sppnroximately with the response of the phototube in
this region. The fall off below 3300 X corresnondas rourh-
ly with th~o energy distribution which 1s found for &an
incandescent body.

It is therefore bellevecd thet the hurst 1s due to
incandescence in the gas between the electrodes, producing
& continuum. A continuum is not produced in air at atmos-
phreric vressure, and it is therefore assumed that during
the burst, a high vressure is bullt up in the zas filament
through which the first oulss of current flows. The
resulting small explosion alsc accounts for the ranid
decay 1in the light, and also for the greatly increased

sound generated at high pesk currents.

L, Fluctuation in Intensity Pattern

l. Generel. In studying the fluctuation in light inten-

sity natterns with phototubes, two facts must o= mentioned.
First, the phototube nolse, 1f sufficiently large, mey
mask the effect belng studied. Second, the efiect of
fatioue in the phototukte may indicate & fals~ gracual decay
in licht intensity.

| elther of these facts anpear to be serlous limitations -
to the fluctuastion studies. The bandwidth may be reduced to
l:'orove the signal to noise ratio if necessary, and fatigue

over the short intervels used in the fluctuation studiles
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anpears to be negligibly -small.

2., Methods of Recording Fluctuation. To record the

nature snd extent of fluctuatlion in the intensity pattern,
two methods may be employed. If time exnosures of the
pattern sre msde using contlnuous geting to 1solate one
spark, the Snvelope thus formed by multiple exposure will
then define the extent of the fluctustion. Alternatively
a moving film recdrd of the patterns may o= mede, anc the
images examined successivelr.

In the time exposure method, a half second exposure
g;ving approximetely 30 shots apveared to produce a satis-
factory result. If this 13 a reapresentatlve samplipg, one
shoula expect to obtain the same envelope for different
half second exposures, Fig 23 shows three such time ex-
posures of a half-second each on an iron spark llne at
one megacycle bandwidth. It cen be seen from the simil-
arity of these intensity envelopes that a half-second

samplinz time =zpnesrs to be adequate.

Moving fi1lm records of intensity pnatterns wers made on
iron spark lineé, and for some condlitions these 1ndicseted
a considerable fluctuation in peesk time and genersl char-
acter from one spark'to the next. This'i1s not indicated
in the time exposures which show only the extent of the

fluctuation,

3, Pluctustion end Inductance =-- Spark Line. The

intensity pattern for the 3227.7Y5 Fe II line was studied
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Fiz 23.
REPRODUCIBILITY- OF FLUCTUATION PATIERNS

Bach spectrogram of light intensity is a %
second exposure on an iron spvark line glving
’ approximetely 30 shots. Source conaitio-ns were:s
E, = 160 volts
R, = 10 ohms

.0107 microfareds

4 microhenri~ss (circvit indauctance)

"

0.83 megacycles
R1=0

Epk = 132 kilovolts
ka = 710 smperes

Sparks per hslf cycle\= 2

Horizontsl Sweep = 15 microseconds
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at different values of circult inductance. It was desired
to find out what relstion, if any, existed between the
inductance and the reproduclibillity of the intensity vettern
with a steady sv»ark current. Helf-second exposures were
teken at four values of circult inductance, and the oscil-
lograms ere reproduced in Flg 24. The unchanged circult

conditions were gs follows:

&

o = 160 volts

=4}

o = 10 ohms

Sparks ver half cycle 2
Rl=0

C - «0107 microfarads

Bpk = 13 kilovolts

Sample Gap = 3 mm Fe pins

Control Gap = 4.5 mm W pins .
The inductance used in esch oscillogram, and the resulting

observed circuit conditions are given in the following table.

Table for Fig 24

Oscil- L ka F I
logram turns amps. Mc/s amps.
(o) 710 .83 13.0
B S - 4860 .49 12.5
c iO 320 . 30 11.0
D 20 220 .20 9.5
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Fic 24

FLUCTUATION OF IRON SPARK LINE
NITH CHANGING INDUCTANCH

A. No adaed inductance
B. 5 turns added 1lnauctence
C. 10 turns added 1nductance

D. 20 turns sdded Inductance
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The oscillocrams indicste that the fluctuatlion in intensity
wns least when the inductance was & minium. Different
attenuations were used in the various in'.ensity patterns.
Attenuntion factors were 4:i for A, 2:1 for b ana C, anad
1:1 for D. Taking account of tris 1t was notec¢ thst the
mean pesk 1ntensity varled roughly as (ka)n with n having
a value of l.f for the conditions used here.

Movin~ film recorcs of inutensity patterns on 1lron

srark lines were made under different source condltions

resulting in the followling information.
(a) Fluctustion in the genersl share and neight of

the patterns sprears to be a truer random process with no

apparent denendence unon previous events.

{(b) Fluctuation in pesk time 1s quite small with

minimum inductance, but increases rapidly a&s smesll emounts
of inductance are added to the discharge clrcult.

(c) Fluctustion in peak intensity even under the best

conditions (minimum inductance) is very larse during the

"sre-burn" time, (the first 10 or 20 seconds after freshly

grindins the electrodes).

An explanation of these thre~ poinis wlll now b= given
on ths basis of the observation of Keiser and Wallraffl®
that the light 1s emitted by é vanor cloud ejectea from the
electrodes in a direction which frequently deviates from the

discharge nsth, or core of the current.
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(a) The cloud is ejected in 2 manner and direction
controlled largely by the microscopic surface conditions
of the cathode at and neasr the cathode spot. 3ince 1in
general there 1s random motion of these snots over the
surfaces of the electrodes, different microsconic conditions
exist for each new svark, and intensity fluctuetion of a
purely random nature results.

(b) Since the vapor cloud may be ejected in slmost
any direction, different excitaetion timine will arise if
it 1s ejscted into the hot core of the discharze than 1f 1t

is not. This gives rise to the fluctustion in pesk time.

Witli minimum circuit inductance, resulting in a short
discharge perlod, the spark current pulses hsve dled cown
to perhaps 50% of fhe peak value by the time maximum vapor
density 1s established. By then the bulk ngexcitation is

completed, regardless of the direction of the vapor cloud.

It 1s true that excitatlion will continue after this time,
but to a much less intense degree. This is ther=fore a

situstion resulting in only smsall pesk time fluctuation,

the peak intensity always occuring a very short time a«fter
the maximum vapor density 1s obtained.

(c) A freshly ground electrode surface 1s' covered with
very smell sharp ridges and valleys. After running in the

snark for 20 seconds, the surface 1s in general much smoother.
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-
Becsuse of the gregter Iirregularity of surface of the elec~
trodes in the vre-burn pr=riod, and because of the consider-
ations in (a) above, a greater intensity fluctuation results.
Fluctuation 1s glso caused by a different reometry in
th~ optical peths Qhen the vepor cloud is formed in differ-
ent shapes asnd positions. The result is a varying amount
of light entqring the spectrogrsnh for a series of snarks
having the same tote&l luminous flux. The fluctuestion from
other causes 1s gzt least an order of hagnitude larger than
that Aue to geometry. This ne=d oqu be considered whan
methods are found to decreas-= fluctuﬁtion from other ceuses
by at least an order of megnitude.

4, Fluctuation snd Inductanc~s -- Arc Line. A similar

fluctuation study for. the 3059.09 Fe I line is reproduced
in Fig 25. . Source concitions for the four osclllograms
ere the seme as for Fig 24, but consliderably more fluctu-

atlion was observed in all cases. Attenuatlon was the same

for 11 four patterns ‘indiceting thet a mean neak intensity
of an arc line is relatively insensitive to peak current in-
cresses above 320 amneres. However fluctuation waes least
with minimum inductance as before.

The initiel burst discussed in Section D may be noted

in A of Fig 25 at the high peak current of 710 amperes.
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Fig 26.
FLUCTUATION OF IRON ARC LINT
NITE CHANGING INDUCTANCE

A. No added inductance
B. 5 turns added inductance
C. 10 turns added inductance

D. 20 turns added Iinductance






84,

5. Fluctuation and Capacity -- Spark line. Fig 26

shows fluctuation of the 3227.75 Fe II line with changing
cepacity. The same attenustion wes used in sll intensity
pattefns. In E a non inductive resistor of one ohm was
added to the di#charge circult giving R = 1.3 ohms. The
fixed source gonditiqg; were as followsg: )

R = 10 ohms

Ry = .226 ohms

. Ly =0

L = 4 microhenries (ciréuit inductance)

Epk = 13 kilovolts

Sample Gep = 3 mm Fes pins . )

Control Gap = 4.5 mm W pins
Due to different charging time constants as C was varied,
it was necessary to adjust E, to produce a steady number
of sparks per hélf cycle. The observed ciécuit conditions

with different values of C are givenr 1n the following teble.

Table for Fipg 26

S ol My e P e

. , ohms ufd. cycle amps. Mc/s amps.
A o3 .002565 4 270 1.6 6.8
B o3 .00462 3 370 1.3 8.5
c o3 .00612 3 425 .97 9.5
D .3 .0107 2 710 .82 13.5
B 1.3 .0107 2

710 «80 - 13.0
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Fig 26.

FLUCTUATION 1IN IRON SPARK LINE
WITH CHANGING CAPACITY AND
RESISTANCE
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An examination of the fluctuation patterns indicates
that although flnctuatioé apbears smaller with lower
capacity, the ovefall inténsity is correspondingly
reduced. Thus the relastive fluctuation appears to be
about the same for A, B, C and D. The'erfect of adding
resistance in the discharge circuit is illustrated by
comparing oscillograms D and E, Decay in the light 1s
earlier in E, but the relative fluctuation appears to
be about the same as in D. Other data indicated that a
slight decrease in fluctuation 1s obteslned with added
resistance, but the'evidence here is incopclusive. High

wattage non inductive resistors larger than one ohm were

not available to study a wider ramge in R.




87.

VI. CONCLUSION

1. The study of the intensity structure of spectral
1ight from a spark- -source gives considerable informstion
gbout the mechanism of excitation, and also shows the way
to reduce the flgctﬁation in 1light output. It 1s indicated
that the most probsble mechanism for large neak currents
such es are commonly employed in quantitative énalysis, is
fairly high level direct excitation of the material present
in the sample gap. A subsequent’céscade of transitions
ensues, so that population of the lower levels 1s kirgelyﬁ
by & downward cascade.- This results in a delasy in light
emitted in = trghsition from a2 lower level, e. g. &8 in
en iron arc line, &and a population inertia effect which
appears to increase with the lower levels.

The 1ifetime of sn atom or ion in any intermediate
energcy level 1s so short that instantaneous light intensity
of 8 spectral 1ine gives a fairly sccurate measure of 1its
instantaneous origin population. In addltlon, any inertia
offect observed in an origin level must be therefore attrib-
uted to the mechenism of populating this level. In zeneral
this mechanism is a downward cascade of particles from
upner levels, end in perticular, rrbm thé next highest

Ground State wher~2 cascades are initiated, and where coﬁpari“

" tively longer lifetimes éxist._
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Let us attempt to see how these inertis effects arise.
Let t be the average lifetim~ of particles in the Single
Ton Ground State. If a sudden increasse 1s produced 1in the
population of this level at time zero, there will e no
eppreciable~ increase in rate of cascade initiation until
abouﬁ tne time t, If we conslider the effect of tnis upon
ons of the 1ow§r 1evei$, it will be seen thet 1its population'
will respond only slugglshilysinoe an appreciabie chsnge in
tiie vooulation will occur only after the time t. The reéult
is an spovarent ‘inertia in tﬁe level just considered.

t 1s comparatively lerge for the Single Ion Ground
State, and this resuits in & hish inertia for arc 1lines.
By comparison, the corresponding t for the Double Ion
Gpround State is smell, resulting in s lower lnertia for
spark lines.

Ey a2 further study of the intensity structure of
sgectral light, it would be possible to calculsate theée

lifetimes accurately. However the problem would b2 com-

plicated in the case of the spark source because of the
fluctustion in peak time. The.most that could be done
in this case would be to use mesn vaiues of neak time as
was done in the fluctuation studles, or confine the work
‘to those conditions where only a smsll fluctuation in

peak time is observed.
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2. The course of events in the dilscharge period 1is
as follows. ¢#hen the spark first strikes, the gas present
between.the electrodes is heated veary renidly to incan-
descencé, i1f a high peak current is used. This produces
a burst of light, and a high pressure 1ls momentearily built
up resulting in a smell explosion. The burst of light
ranidly disappears as pressure equilibrium is restored.
This occurs in less then one microsecond after the striking
of the svark. The-burst is very sensitive to nesk current
and was not detected without employing fairly high currents.
The first few oscillstions of spark current excite
trhe sir in the grp resulting in the emission of air lines.
Of these, the nitrogen spark lines are quite strong and
essilly astudied. Thelr 1n£énsity reaches a peak which is
almost coincident with the pesk current, and for each pulse
of current a pulse of light is produced, the intensity fall-
inc to a low value between current pulses.

The first few current nulses produce very hot casthode

spots on th= electrodes, which eject & vepor cloué. During
this perigd.the air lines sre repidly recuced in intensity
to & low value as the gap fills with electrode vapor, &and
the intensity of spark lines of the vapor obuild up to a
maximun in 4 to 10 microseconds. The intensity of the

arc lines of electrode material grows more slowly, & mean

pesk intensity being reached in 10 to 40 microseconds. Fhr-
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the same electricsl conditions, thie mean pneek time for arc
linez 1s always larger than for spark lines. o

The nitrogen srark lines dissppear before the end of
the discharge period, while metal spark lines remsin a few
microseconds after the 2nd of the reriod. Arc lines decay
slower and last much longer, sometimes versisting for 25
microseconds after th2 dlscharge ends.

3. The peek intensity of iron svark lines increases
repidly as the pesk current 1s lncreaseq, but that of 1iron
arc lines increeses only slightly sbove 300 amperes peak
current. _

4, Flﬁctuatlon in snectra} light intensity patterns
13 caused chiefly by Gifferences in the menner and direction
1n which the vapor cloud is ejected from the electrodes.
#Wnen the vapor cloud 1s directed into the hot core of the’
discharge, there results different timing snd extent of
excitat{on of the vapor than otherwise.

Intensity fluctuation may also be produced in the

spectrograoh by differences in the optical paths from one

spark to the next, but in general this 1s of lower magnitude
than fluctuatlon otherwise produced. |
Fluctuation differs with different types of spectral
lines under the same source conditions being‘large for are
lines, smaller for sperk lines, and least of all for high

level nitrogen spark lines. It therefore annears that those

atomic processes which occur most ranidly exhibit the least
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fluctuation.'

6. Fluctustion in 1iron arc and snark 1ines 1s reducead
when the discharge time 1s reduced by decreasing thp circult
inductance. It therefore appears that an electrical process
which occurs in the shortest time slso vroduces the least
fluctuation_m 1t is therefore concluded that to readuce
fluctuation in thes~ lines, the excitation process should
be kept as short as possible. To do this most effigiently,
the s»ark circuit inductsnce shoula be reduced to a minimum.

This pnroduces a high peak current, a high dischsrge frequency

and & short discharge period.
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APPENDIX

VOLTAGE REGULATOR OPZRATION AND ADJUS TMINT

Fig 27 shows the circult of the compensated voltage
regulgtors used in the power suprlies where stsble voltages
wefe required. TWhen pfﬁpsrly adjﬁsted, the output voltage
. By contalins less than three millivolts of ripcle although a
volt or so may be présent in the input voltaze Ey. The long
period variation of Eo 1s less than 0.1 volt.

An expression for the regulation factor DE0/3E1, in
terms of the circuiﬁ and tube parameters is given by H1119.
This expression may be made zero by a proper choice of
circuit constants. In practice the reguletion factor may
be made to approach zero over limited rang;s of input volt~-
ages and load currents, and may be made negative if desired.

The circuit may be regarded as a DC amplifie; T2 with‘
'large nezative feedback snd cathode follower output Tl. Since
the only amplifier input is the negative feedback vqlt&go,
the resulting output impedance 1s low anc the output voltage

is substantislly constant. T3 1s a cold cathode, voltage

reference tube whose Operatiné current is adjusted to the
proper value by a suitable choice of R5. The csthode of T2
i1s held at a steady reference potential Ea, and a fractibn
Eg of the output voltage is compared to B3 by the amplifier.

Nith R4 = O, there is a small regulation factor, usually
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Fig 27

COMPENSATEL VOLTAGE REGULATOR CIRCUILT

Typical values are as follows:
ﬁils 350 volts

E§ = 250 volts

Ry = .1 Neg & watt

Rl = .1 Meg Pot

Re = 47 K 3 watt

R3 = .2 Meg 4 watt

R¢ = 5 K Pot

R6 = 10 K 10 watt

Tl = 2A3

T2 = 68J7
TS = OC3/VR105
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&t Out .01, but if the proper fraction of input tluctuteion ;
1s appuod to the amplifier grid, output rluctuation ats-

~anneara. This fraction is obtained by the dividor na and 84.

,When R4 18 properly adjusted, a regulation factor of zero

may be obtained, in theory at least, giving eompletogcompqn- ’””

sation for 1nput voltage changes.

In practice the adjustngnta to the circuit nre mado aa

rollowa. Rl is adjusted to produce the required output voltage

.1Tho eomponsation is then adjustod by varying R4 untll no

'7.1ripnla appoara in the output. It 1s usually neceasary to

troduco a wi volts of ripple in the input to obtain a

' 1;Qiaractory eompensation adjustment.

cOmponnation for changoa in load current may also bq, 

lfde»by a simple additiori - to the circuit, and thia is ulso‘
;gcnised by H 1119 This addition was not required hore

 ¢a gll lcaaa were substsntially constant.




