
NANOSECOND PULSES: 
techniques & applications 
By DONALD E. LANCASTER 

Sonie i111portant uses for these 

ultra-short pulses are in the fields 

of electro-optics, measure111ents, 

and circuit analysis. 

Ai'\.-\:\OSECO:\I) I 10 '' S<T<>11d) is llllt tl1(' IJJic-fcst in
sL111l-1>11<· liilli"11tl1 llr a s'.T011d or tl1c li111<· it lak<·s 
hglll lo lra1«·l a 111<•1<· 11.8 111cli('S. 111 lad. thnt' art' 

more 11a11os<·co11ds i11 '' S<'l'011d tl1<111 th<'rC' ar<' S<·<·onds i11 tl1irt1· 
1·<·ars. Tll<' tecl111i<111<·s for ('l<·drn11il'alh- gt•11<,r;1ti11g J1<t11oscc
ond-ll'idt· p11lst·s ar(' a.' l>ii'.arn· as !he p11lsPs an· short. Om· 
111ell1od p1irposel1· (''\('t'('(\s tit(' hr<'akdo11·11 rating or ;t transis
tor .. -\ sc<·rnul 11wilwd llS('S spt·cial clio<ks \\'hose r<'l'01·<·n· ti111<·s 
ar(' made qt1ite lo11g. For a lhinl. the sp;trk g;tp is rf'n1m·('d 
fro111 a d11stl' slwlf, polisl1l'd 11p ;t hit ll'itlt 1110<1<-rn l<•cl11iiqt1cs, 
and gi1·en an importa11l a1ul pn·s<•11ll1· unbeatable pl.tc<· i11 
stat('-of-t he-art <•led rrn 1 ics. 

Th<' restilting p11lscs ha1·<· 1101v 01w11<'d up m;:11v i111porta11l 
new Pkclronic applicatio11s, partic11larll' i11 t'l('dro-oplics, 
11was11rements. ;rnd circuit a11ah-sis. Other i1nport;mt ;Heas ;trc 
in lh<' fields of radar and micro11-.11·e st11di<'s, lra11s111issio11-li11e 
testing, and for use as <'kdrn11ic sl111lters. 

Applil'alion� 

A11 inj<'dirn1 diodl' laser co11sists of a 11-11 wrniconductor 
j1111dion that emits coh<·1T11l light ll'hen it is p11ls<·d with a 
sl1orl, high-current imp11ls<'. Opnalion ofll'n takes pl.ice at 
supercool temperal111Ts 11·itli c111issio11 normalh· ll<'i11g i11 the 
m•ar-i11frarcd region. :\a11os<·co11d l<'ch11iqu<'s an· called 11po11 
to provide the rC'<ptircd pm1·<·r p11lscs. Th<'se las<·rs arc of 
1·alil<' in film-e'\posme tests. l1igl1-frcq11<•11c1· com111t111icalions, 
and optical-response t<'sti11g. 

Light modnlators 11st1all1· t·o11sisl llf a capacitor ll'ill1 a tra11s
parent di<'lc·dril' of !\:DP or SOllll' si111ilar rnatnial. .\s tl1e ap
plied 1·oltage is 1·aried. tl1c pla11l' of polarization of the cell 
l'hangt•S. n�· l'Ollllii11i11)! Ollt' of thl'St' ll'itJi a p0Jarizi11g fiJtn. ;Ill 
cl<"l'lricalk l'ariahle diaphrag111 rcs111ls i11 ll'hil'h the brightness 
(al'l11all�· tlH' atl<'n11alio11) of the transmitt<'d light is a f1111l'

lio11 of the applied 1·ollag<'. If :111 <'icclro-optic: mod1ilator is 
powrn•d h�· a 1i;t111>S<'l'011d p11ls<'. a sl111tl<'r op<'n for 011e 11a110-
scl'o11d results. Tl1is i.' of trc·111t•11do11s imporl:t11l'l' i11 liigl1-
speecl pl1otograpl1�-. 

Typical modulator 1111ils arc· c;illed 
.. Pod:els (·p]Js." Tlt<'sc 

ltaH· a capal'italll'<' ol aro1111d I 0()() picofarads ;t11d req11irc 
s1•1·eral h1111dr<'d 1·01ts lo opnale prnperl1-. To !'l1argt• a 
l 000-pf. l'apa!'ilor lo I 00 1·olts i11 0. l 11<111osel·o11cl req11ir<•s 
IOOO arniwres of 1·111Tt·1J1. Tl1is is 11·ill· there is su!'h a dcnrnnd 

for (''\lrt'lll!'h- l1iglt-l'lllT('llt llilllO.'!,('Ol1d p11lS!'S .. \l'l11all1-. lhl' 
111od11lator its1,lf dis.,ipatt"' 1 t·n little power ;111d onh- req11ircs 
tl1t· <''\lrt·nw l'lllT<·11ls lo d1argl' or disl'hargl' ils 011·11 l'apaci
la11l'e d11ri11g ll1<· t1m1-t111 a11d l11rn-off tra11sitio11s. 
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Olli!'r flln11s ol. l'kl'lrn-oplic 111od11Lilors arc• lH'gi1111i11g lo 
dt,111a11d 1nor1· a11d 111<m· frn111 tlu• 11a11ost·c011d srnir<·t•s. '1\-pi!'al 
appliL·alirn1s are l''\lre111e lia11d11·idtl1 c·rn111111111i<"alio11s li11ks 
11si11.t! l'.\\'. lasers a11d olltn si111ilar lalmrator1· d<"1·ict·s. 

TIH'rl' arl' so111<· ratlier t•lahoralt• 111alll('111alil'al proofs tl1at 
(';Ill dt•111011slra[(' that ll1<· rcspo11s1· or a11:· li11!'ar lld\\'()rk lo 
a111· arliitran· i11pul signal (':111 lH' t•:-;al'lh- d!'lern1i11cd if the· 
i1111111/.w• /'l's/!011s1· is k11011·11. A11 i111p11lsc is clefi11c·cl as a p11ls<' 
of i'.c·ro width. i11fi11itt• a111plit11d<'. a11d 1111ill· area. Obvirn1slv, 
llH'se do 11ol nisl i11 ll1<· r!'al \\'orld. h11t for 111;m1· applil'alirn1s, 
ll1l' 11a110Sl'l'011d p1ilses form a11 t•\cc·ll<'lll' appro'\i111alion. Bv 
p11lsing ;1 lll't\\ 'ork ll'ill1 a 11a11ost•(·o1HI p1ds<'. its i111p11lsiq• re
spo11se 11w:· be measmed. Tll('11, h:· 11si11g a 111alhen1alic t<"cl1-
niq11e <"died '\·0111·0]11lio11," the n•sponsc• of th<' 11!'l11·ork lo a11 
arhilran· input m;11· lie pnTiS<']I' clctl•n11i11cd. Tliis is ;1 verl' 
imporla11t 11e11· circuit-anah sis tool. 

;\less elegant and 1nore pral'lieal applil':llio11 of i111p11lsil'c 
testing is ti1111·-do11111i11 rcffrc/0111('/n/. ll is i111porla11l i11 v.11.f. 
a11d rnicrowav<:' work, p:1rlict1larlv for measuring and c·1·a]11al
i11g tra11s111issio11 lines and other distriht1tcd 11t•lwcnks. :\s all 
l''\a111ple, a11 1111k11011·n trat1s111issiot1 li11e cot1ld he l'Ollll<'l'l('(l lo 
a g<'lll'r;tlor thal prod11ccs a step inpt1t 11·ith a 11a11ost•co11d ris<! 
linw and th<' olhn <'1Hl of tl1c t"1blc could bt' ten11i11ated i11 a 
k11011·11 iinped;111ce. The 1·ollage at the input lo the cable is 
then 111011itnr!'d liv a sa111plit1g oscillosl'O[lt'. Th<' tilll<' il \\ill 
tak<' tin· first refl<'c:lion to return ll'ill cqt1al twice tl1e ck·ctrical 
length of the cahk. The· ;t111plilu<k· a11d polarit:- of 1111' r<'lm11 
ll'ill i11dicate lh<' characteristic i111pcda11('l' of ll1e cahle. and 
the ratf' the ri>lmns di111i11isl1 tells ll1e atkn11atio11 of the l'ahlc. 
.\111· 11oise 11·ill indicate cable' fonlts a11d disco11li111iilies: llw 
time clel.11· liel\H'<'ll disco11li1111ilies ;UHi the i11p11l will sl1ow 
tl1t' c•:-;al'l location of the fault. 

If 100-picospcond (100/ 1()-•c sec.) riscti111es ar<' a1·ail
alil<'. disco11li11uities onh· 1.18" apart l·:111 h<' r<'solv<,d ;111d 
separalc"h- e1·alt1aled. Large-scale models mal' Ii<' 11sed lo re
soh c s111allcr protot\'[W dista11l'<'S. 

Tl1<· 11a11os1·<·rn11l pulses arc now finding llH'ir 11·a:· i11lo 
radar. 111 a 11on11al pulse radar. a 011<•-11;111<1St'l'01HI p11lse crnild, 
i11 tll!'or1·. gin· a rn11·-foot resolution at close range'. 'I his sl1011ld 
prnn· i111porL111t in appliealirn1s st1c:h as higlm·a1· safetl' r;tdars, 
a11d 1111•as11rit1g dc1·ices for high temperatnrc, fast 111m·i11g, ra
clioadil'l'. or other\\'isc 11ntrn1chalik olijeds. 

.-\11otl1<'I' 11cw applic:atio11 is hanno11ic gc11natirn1. �a11oscc
rn1d p11lsc·s i111·:1riahl1· ha1·t· a n·n· l1igh l1an11011ic l·o11lc•111. l\1· 
fil1<·ri11g ilH' d<'.'ired harnmnic. :1111· 11111ilipl<' of :111 i11p11t i're
CJllC'lll'\. 111a1· lw obtained. \\'itlt this tccl111iq11e, frcque11cv 1111d-
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tiplication of very high orders is possible. The efficiency is the 
same as it would be with conventional varactor multipliers, 
but far fewer stages are 11ormally required. Similar techniques 
may be utilized to generate test pulses that are only a few 
c�:eles long at microwave frequencies. 

Conventional Techniques 
All the conventional techniques for generating short, high

power pulses are pretty much de\"ice-limited to pulses longer 
than ten nanosecontls. The gas-tube 111odulator is often used 
for radar work, but, at best, ionization times of 10 to 40 nano
seconds are available, and the tube simply will not turn on in 
one nanosecond. Vacuum tubes, in turn, are limited ln· their 
poor "on" impedance, their stray capacitances, and tl�eir in
ability to provide a low impedance for negati,·e-going input 
signals. Some u.h.f. lighthouse and pencil-triode tubes are 
11sef11l for amplifying nanosecond pulses already generated, 
hut they are largely incapable of generating these pulses by 
the111selves. 

Co1n·entional solid-state devices are also limited by present
day technology. The best of power transistors require 20 to .50 
nanoseconds to switch any large amounts of power. Lowe1· 
level logic circuitry can work with IO-nanosecond risetimes 
but only with limited power capability. Unsaturated logic 
techniques using u.h.f. transistors now break the nanosecond 
barrier, but only at very low power levels and supply voltages. 
The same is true of tunnel diode pulse circuits. 

\Ve can arbitrarily draw a line somewhere around .5 nano
seconds. Slower risetimes and wider pulses are obtained by 
conventional techniques. Faster or narrow pulses require the 
use of special nanosecond techniques. 

Avalanche Tra11sisto1·s 
The avalanche turn-on of a trnnsistor is extremely fast and 

not current dependent. Efficient, powerful nanosecond pulses 
are easily generated in this manner. Fig. IA shows the char
acteristics of a typical diffused silicon transistor. Notice the 
difference between the breakdown voltages for the zero hase
cmrent curve as compared with the other curves. The circuit 
in Fig. lB uses this difference to advantage. The circuit is 
biased to point "A" on the curve of Fig. lA by the high-volt
age coll£>ctor supply and resistor Rl. Rl also charges Cl to 
the sa111e Yoltage as point "A" after the power is applied. 

If the base of Ql is now pulsed with any reasonably fast 
waveform, the transistor goes into avalanche conduction and 
assumes a \'ery low impedance state. (The mechanism is the 
same as in the four-layer diode or SCR.) As long as C 1 can 
suppl�· current through the transistor to the load R,., the tran
sistor remains in the "on" state. �'hen Cl is nearly discharged, 
the transistor turns ·'off," C'.g. returns to a non-conducting 
state. R 1 is always made large enough so that it cannot hold 
the transistor avalanched and aft<'r turn-off Rl recharges Cl 
slowly, rehiasing the transistor to point "A" to await a new in
p11t trigger pulse. 

The avalanche current forms an output pulse across R,,. 
Typical risetimes of one nanosecond are easily achieved. The 
pulse width is determined by the value of Cl and R1 .. During 
the av;1lanche time, the transistor dissipation is extremely 
high, but the long dut�' cycle between pulses ;n·erages out the 

total dissipation to a value within the transistor's rating. 
If a flat-topped output pulse is needed, the capacitor may 

be replaced by an open-circuited transmission line. This is 
shown in Fig. lC. The tr;111smission line ,,·ill provide a con
stant avala11d1e current for a time equal to its t'lectrical length. 
This is around 1.6 nanoseconds per foot for most coax. Now 
the output is a rectangular pulse equal to the electrical length 
of the cal1le and has a steep rise, a Hat top, and an abrupt fall 
time. 

Most diffused silicon transistors C<lll operate in avalanche 
mode. The 2;\'/0(i is an inexpensive transistor that will pro
duce a one nanosecond rise and fall time with 20 volts of out
put into a .50-ohm load, giving a peak pulse power of 8 watts. 
To sta)' within the .'300-milliwatt rating of the device, a duty 
Cy«: le of 2-l: l or less must be adhered to. In the interest of 
safety margins, 100: 1 is a more realistic figure. 1f the pulse 
\vidth is I 0 nanoseconds (as would be the case with a six
foot length of coax used as a delay cable), the maxi111um per
missible repetition rate would be once each microsecond, or 
one megacycle. The width of the pulse is determined by the 
delay or width cable, and can range from 1 to .'500 nanosec
onds. "Trombone" ;1djustable-length transmission lines can 
gi\'e continuous adjustment of pulse width. 

Special avalanche transistors which have been optimized 
for a\'alanche operation are also available. Cost ranges from 
$10 to $40 each. Using these special transistors, .500-watt, 
::?.-nanosecond-wide pulses can be easily produced across very 
low impedance loads. 

It is very important to keep the leads extremely short on all 
nanosecond circuits as the lead inductance can interfere 
seriously with the fast risetimes. Because of this, strip-line 
and other v.h.f. techniques are generally used for this type of 
circuit. 

The avalanche technique is presently limited to risetimes 
of l nanosecond or more and pulse powers of less than half 
a kilowatt, but it has advantages of moderately low cost and 
simplicit�· combined with low jitter and high repetition rate. 

Step-Recovery DiO!ll'� 
A new class of diodes makes possible the fastest pulses and 

wavefonns available today, but is currently limited to pulses 
less than .30 volts in amplitude and pulse powers well under 
100 watts. Pulse widths as short as .')() pico.1·<'Co1uls ( 1,�,, nano
second) are obtainable using these deYices. 

A.ny semiconductor diode has a storage ti111e based on the 
finite mobilities of carriers in the semiconductor material. lf 
the forward bias on a diode is suddenly reYersed, the diode 
will continue conducting for a storage ( reYerse recovery) 
time determined bv the diode itself and the amount of for
ward current tlwt �vas present before the turn-off. In normal 
high-speed diodes, it is highly desirable to red11ce the storage 
time to as low a ,·al11e as possible. In a step-recovery diode, 
the opposite is the case. The storage time is made quite long, 
but the diode is designed so that the dind<' ct'OS<'.1· cn11d11ctio11 
very ahrnptly at the end of tlw storage li1111>, producing a turn
off W;l\"eform that is extremely steep. This abrupt cessation is 
c;11led the tro11sitin11 tilll<'. Pn•se11th· a\·ailable diodes have 
transition times as short as .50 picose'co11ds. 

Fig. 2A shows the important differences hdwcen an ordi-

fig. 1. (Al Avalanche biasing. (8.1 Cl produ�e• fast-rising current pulse. ICI Transmission line produces rectangular pulse . 
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fig. 2. !Al Recovery-time plots show difference between step-recovery and ordinary diodes. 181 Leading-edge sharp

ening. ICI Trailing-edge sharpening. ID) Rectangular-pulse generation. IE) High-frequency pulse-train generation. 

11;1rv and a skp-rccm·en· dioclc as tl1c two arc abrnptlv re
l"t'rSC'-biased, 11·hile Fig. 21\ shows 110111 a stl:'p-n·cm· 1·1T diode 
111a1· be 11s1·cl to stcqH•11 tl1e fr011t of a waveform havillg a poor 
1is1·li111e. 111 the abs<'11n' of ;111 input, the diode is normallv co11-
d11cli11g sornf· forward cu1n·nt, and si11cp it is slitl11ting the oul
p11l, 110 i11p11t signal will apjW;\J" at the 011tp11t. 

,\n i11pllt 11 ith a risetinw llf ;1 lc•w 11a11ost'co11ds (11.,ualh 
g1·111·r;1tl'd lw ("0111·t·11lio11al tr;1nsistor l'irc11itn·) attell1pts lo 
l•trn llff tl1e diode, prndllci11g a step wa1-cfor111 at the 011tpul 
will1 a riseti11w of l1·ss th;\11 a 11;l11osec·o11d. 

\';1r1 i11g tl1l' lor11·ard c·11rr1·11l 11f tl1c diocll' will. i11 turn, van 
ll1c storage li111p amwl1crc lro1n 1 to ;")()ti 11a11oscco11ds. The 
1 isdi111c of tl1c i11p11t 11 a1·efor1n is i1111natnial as long ;1s the 
slcp-1ccoven diocl1· is adj11stecl to k11 1· a storage time lon).! 
c1 1011gh lo allow tlw inp11l to ;1ss11111t• a stable 1·ah1e. 

Fig. �C sh11ws t·IH' opp11sitc cin·1iil. I lc·n· a sll:'p-r<Toverv 
diode i11 Sl'rit0s 11 ith till' 1111lp11t i-; used tll slt'Pj1l'II tilt' e11d of 
a 11·;11 dorm 11·itli a poor r.tll ti11)(' .. \gai11 till· diode is lllJl"IJialh 
co11d11di11g lw;11·il1·, lrnt tl11· i1q)!Jl sig11;1I now appl';1rs sin1ul
L111t'llllSl1· at ti!(' 011tp11t ;111c1 tr ies lo stop comh1dion through 
Ill(' sll'p-rl'C'll\l'l"I" cli11d1•. Tl!(' diodl' co11tinlll'S l'lllJd11l'ti11g for 
tl1c stor;1gc lilll<' a1lll .,brnpth- ccasl's l'111Hl11ctio11, this ti111c 
J"1"111oci11g till' i1qrnl sig11al fro111 1l1e Ol!lpllt tc1"111i11.tls. 

\\"lien• rc•1·L111g11L1r p1ils1's ;JI(' dC'sir1·d. l�i)!s. 2B a11cl 2C: 111;11 
hi' C'onil>i11cd, as i11 Fig. 21) 11(-'I"l' tl1e first stl'p-f"l'l"()\"('l"\ diod" 
Sll'l'[lt'11s tlw risc·li111J' ;111d tl1c -'t'C'<>nd slc-t'[ll'IIS the fall ti111t·, 
l1·:i1·i11g a rcl'la11.g11Lir p11ls" (";tl"ll'll out of th" n1iddlc ol tl1e
i1q111t wavd"rn1. \"an i11g tl11' 1·11r11·11t tl1rn11gl1 lhl' first di11cll:' 
1·;11·i1·s ill(' /i1111· dd'.111 l1t'l111·1·11 tlw i11p11I p1ds1· ;111d llw sl<trt ol 
till' 1111lp11t p11lw. ·1 he L·111T<·nt tl1ro11gl1 lhl' s<'co11d di11de c11.JI
lrnl-. tll(' 1cidt/1 of till' p11lsL·. 

L·\g. 2E sl 11111 s 1 l'l ;111111 hl'r t1Tl111iq 11e. 1-Ierp a high-fre
q11<"11cv si1w 11·;11"1:� is ft··d 111 ;1 slep-rt'C'Ol'l'rv diod" tl1at l1as ;\ 
storage ti111" or 01w-fo111 th tl"· 1wriod 111 the i11p11t 11·;11·t·. Th" 
cli"de prod11c-cs an ;1i>l"llpl l111T1-olf 111idwa1· in rad1 11cg<Ili1·p 
l1alf c-1Tle . . \11 rn1lput filter is add(·d wliic-h passt•s 11111:· the 
slct'p lra11sitio11 a11d rl'icd.' tl1c fu11Cb111ental si11l' wa1·e and 
the d.c. l'llllIJllllw11t. TJii, prnd11LTS a t1·ain of 011lp11t p11 lsl'S 
witl1 r.\trc111eh- rasl ri-.di111('S <llHI a 1<'1"1' high repetition r;1tt'. 
Hqwliti"ll r;1ll'S 111 11111 l''('\.'.;it·\ t·les arc possible, c11ml1i1wd 
11 ·ith 30 lo 100 pil'11sc1·1> 1d rist times. 

Tl1esc c·<11np1111t•11ts ;11 " s11111"11·l1:•.t e.\pensive, r;rnging r10-111 
February, 1966 

a low of !31.'i t11 a l1igli of se\'('J·;tl l111nd1Td dollars for the 111orc 
c·.\Ol ic l \"[X'S. Strip-Ii 11c a11d ot I 1l'r 1011·-i 11d 11l'I a1 ice pill pack
;1ges that 111i11i111i/.l' tJ1c a11101111t or l"i1·t·11it i11d11dallCC as llllICh 
a.' possible are 11ow rt';1clih a1 ailalil1·. 

Spark-Cap .\a11op1il,;cr 
The sp;1rk gap 111av seem a c·rndc t'lt'dmnic c-11mp1111c11t, but 

("ar('f1dl1 dcsig11l'cl 1111>dcls ca11prodl!cC11·;1v1•forn1s ll'itli 11a110-
seconcl risl'ti111cs ;111cl peak l'lllTl'lil.o; or .)('1.)1'1"(" tl1011.w111d 11111-
/H/"r'\"_. co111binnl witl1 pca\.. 1 olt;1gc� of st ·1 1·1;d kilowatts. The 
prict· paid for s11ch extrl'llll' pmq-•r is a \"l'rl. lm1· d11lv l'l'l"k. 
'\orinalh, 011lv a ft·w pulses per sc("cn1cl ;1n· possililc. Fmtlicr, 
tht'l pis 1J11ill' a hit of pulsl'-lo-p1ilsl' jitter, ;rnd s1·1wl1rn11izatio11 
r"quirl'S a11 i11p11l tl1al alreadv (Co11/i11111'1/ 1111 /!llf..!J' (i !) 

fig. 3. IAI Spark-gap circuit 181 waveforms, ICI configuration. 
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Enjoy the "music-on ly" programs 
now avai lable on the FM broadcast 

band from coast to coast 
• N O  COM M E R C IALS • 

• NO I N T E R R U PT I ONS • 

I t ' s  e3sy1 J u s t  p l u g  M u s i c  Assoc iated ' s  Sub 
Carrier  Detector into m u l t i p l e x  j a c k  ol your 
FM tuner or easi l y  wire  into discriminator . 
T u n e  through your FM d ia l  and h ea r  programs 
of c o n t i n u o u s .  commerc i a l -free musr'c you are 
now m o s s i n g .  The De tector,  s e l f - powered and 
w i t h  el ectronic  mute for q u i eting between 
s e l e c t i ons. perm i t s  rec e p t i o n  of popu lar back 
cround m u s i c  programs no longer sent by w i re 
b·1t transmi tted as h id d e n  programs on the I 
FM broadcast ba n d  from coast to coast. Use 
w i th a n y  FM t u ner.  Size,  5 '12" x 6". S h i p p i n g  
•·ve 1ght a p p r o x .  7 lbs 

K1r s49so 
( w i th r>1e-tuncd c o i l s ,  no o l i g nrnent nece;sa 1 y )  

w m r o  s7500 
COVER $4.95 EXTRA 

W ito t:i 

MUSIC ASSOC IATED 
6 5  G l en w :i o d  Rood,  Upper M o n t c l a ir, New Je1sey 

?hone' (20t ) - 74 4 - 3 3 8 7  

C I R C L E  N O .  1 0 0  O N  R E A D E R  S E RV I C E  C A R D  

"Hot-Shot" 
is Here 

Wi nega rd 's  new a l l - band ( U H F, V H F, 
FM) a nten na that se l l s  for less than  
the  most popu la r  i n door models 
• l lol-Shol G il"l'S 1"011 r Customers Bea 1< 1 if1d Ghosl

Free Outdoor l'erformanre On All Bands 
• I/of-Shot nc:irns Ufe-Like Color, Brilliant Black· 11 11d 11"/i i lc ,  Full-To 11c FM Sou n d  

• llot-Shol l l 'ill Roost l"our 11/l-Banci A n te n na Sales 11 111/ /'rofils 
" ! lot-Shot" is thP all new, sensibly priced, high 
performance, all-hand antenna designed spe
cifically for m<.>tropolitan and suburban instal
lations. It not only gives your customers the 
superior performance of an outdoor antenna, 
but also lets them receive all t he broad�ast 
bancls (UHF. V H F, ancl F M ) .  For about one 
dollar lc.•s than indoor antennas, you can 
riPliver all t he performance and versatility of 
" H ot-Shot". Installs easily on roof or i n  attic 
. . . you work with just one clownlead. Only 
$8.80 list. Ask your distributor or write for Fact-Finder #24 1 t oday. ANTENNA Winegard Co. svs T E M s  

3000 Kirkwood • Burl i ngton,  Iowa , 
C I RC L E  N O .  8 9  O N  R E A D E R  S E R V I C E  CA R D  
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i s  c l i l'ck<·cl i ll· t 1 1 rn i 1 1!..". t he cl 1 ro m a  col l 
t ro] s fo,,·h- c;J 1 1 1 1 terC'l<;ckwisc.  The color 
s l rn 1 d c l  l H

.
'l"rnne pale and fin a l ly d isap

pt'ar. S ince so1 1 w  receiYers are equipped 
with a1 1 a 1 1 to m a t i c  chrolll a-coll t rol cir
c 1 i i t .  t l 1e rate of fad i l lg  w i l l  depend upon 
i l H· 1 1 1odt'l  u 1 1 der test . .\ l ost recei,·ers "·i l l  
hold color S\" 1 1 c  j 1 1 s t  before t h e  color dis
. 1 p1wars, <1S l'\·ide nced b1· diagollal  rn11-
1 1 i 1 1 g  o f  t he· colors .  Both o f  t l 1t·sc C'ondi
t io1 1s  ind icate 1 1or 1 1 1al  opPrat io 1 1  o f  the 
colm s1 · 1 1c  circ1 1 i t s .  If .  however, a s l i!..".l 1 t  

• red 1 1d io 1 1  o f  the d 1 ro1 1 1 a a m p lit; 1de 
ca1 tscs t he color t o  fal l  out of  lock i t  

I 
i 1 1 d icates d1at  the color s1·1 1d 1 ronizatio1 1  
abd1 t , ·  o f  t l 1e rece1 1·er 1 1 1 av be 1 1 1 ade-

I 
1 1uate.  

The te 1 1  l iars o f  color i n  the pattern 
\ can l w  checked to St'P that thcv ·'fi t "  in  11 t he· proper posi tirn 1 .  The colors shrndd 

not lap on•r the b l a 1 1 k  spaC'es bet Wl'Cll 
the bars.  l 1 1 1 proper fit  1 1 1av he caused 
hi- i 1 1 t·o1Ted delav i 1 1  t l 1e 1·ideo amplifier 
or I n· i n correct a l i!..". 1 1 1 11 e 1 1 t  of  the band-
pass

. 
a 1 1 1p l ifier. ;-._:�rtnal rc·ceiver over

sca 1 1  1 1 1a1 ·  l i ide so1 1 1e of  t he bars of  the 
patte rn .  Tl 1cse l 'a l l  he s1•t•1 1 h" red 1 1 c i 1 1 "  
t h e  rastf'r wid t l 1 .  On•rsC'an ;,d j 1 1 s tmet�� 
of the set ca1 1 i lC' checked and adjusted 
bv 1 1s i 1 1 g  the crosshatd 1 p a t  tern. Sl'n"ice 
notes for color receivers 1 1 s 1 1 a l l 1· spccifv 
a reco1 1 1mel l( led ; 1 1 1 w 1 1 1 1 t  of o,·erscall at 
the left and ri!..".l 1 t  and a d i ffl're1 1 t  amo1 1 1 1 t  
of  o\'ersca 1 1  a t  t l 1e top a 1 1 d  bottom. The 
re(·o1 1 1 1 1 1encled ovcrscan 1·aries i n  d i ffcr-
1·1 1 t  receiver models.  Bl'c a 1 1st' t he '.\ l odPI 
1 :2 4 .) prm·ides a fi.\('d 1 1 1 1 1 1 1 bcr of JO 
1·l 'rt ical a n d  1 4  horizrn i t a l  l i lles, i t  is 
P<1S1 ·  to j 1 1 d Q;e the a 1 1 1 0 1 1 1 1 t  o f  01TrS('an .  
Th;� crossha

,
tcl 1 pa ttern a lso perm its ac

cmate checks of the l iorizo1 1 ta l  and \"('rti
cal l inearitv in hoth black-ancl-\\·hite 
and color receivers. Con 1·rrgence a d j 1 1 s t 
me1 1 ts :ire m a d e  us ing dots, crosshatch, 
o r  vert ical or l 1orizo 1 1 tal l i 1 1 <'S .  

This  color gc1 1erator meas1 1 rcs 0 1 1 ! 1 -

I :2)�" .\ 8J"" .\ 8!�", weighs onlv :3 po1 1 1 1ds. 
and sel ls for $ 1:3-UJ.'i. .A. 

G rand  Tra n sform e rs " l n sta-Test" 
D ie lectric Stre ngth Tester 

For CO/l!f of 1 1 1 11 1 1 1 1f11c/ 11r1· 1-'s /n·od1 1 1r(', 
circll' -:-..10. 1. 3 1  01 1  Hl '({(/l'r Snricl' Card. 

P
.-\TTE RNED  a f t e r  a p r o t o t v p e  

l llodcl that h a s  hecn 1 1sed i n  qual i tv 
co1 1trol for 1 1carh- tPll 1·ears. a d ielectric 
breakdown checker ca l le d  the .. r 1 1 sta
Test" die l t'ctric stre1 1 !..".t h  tester i s  bein !..". 
m a rketed hv Cmnrl ;/'m n1for111ns, I nl'.. 
The u n i t  .!..".i \'es bot l 1  an a 1 1dio and 1·is 1 1 a l  
response to a breakdown of winc l i l l l(S 
used i 1 1  coi ls .  motors. transformers, ct� . 
Six test a .c .  1·o l tages mav be selected , 
rnnging from /.')() volts to :3000 ,·o l ts .  
The 1 1n i t  operates from the ;LC.  l i n e  wi th  
fused p rotect ion . 

Two high -voltage probes perrnit  a 
q uick check across anv winding.  :\ t the 
potentia l  breakd0wn point,  a f)l lzzer w i l l  

www.americanradiohistoN.com 

srn 1 1 1 d  a 1 1 d  a red "leakage" lamp wi ll 
l ight 1 1 p  i f  the part or ('ircuit  is defective_ 
.\ clwck i s  1 nade b1· i n creas ing the ap
plied 1·olt age i n  steps unt i l  breakdown 
oc1·1 1 rs .  

Safetv features of the 1 1 11 i t  incl 1 1de a 
gro 1 1 1 1ded l ine cord , fused primary cir
C'1 1 i t ,  molded high-1·o l t :1 ge lead p lu gs, 
a n d  safet,· test p rods-all  to red nee shock 
l 1 azard. 

The tester gives b reakdown tests to 
U L, CS . .\. a 1 1 d  NE1'1A standards, which 
are usuaJ J, ·  at t1Yicc the operating volt
age· p l 1 1s 1 000 1 ·o l t s .  

The 1 1 1 1 i t  is a1·ai lah le from the m an 1 1 -
fact 1 1 n·r at just  1 1n der $7!5. .A. 

Nanosecond Pulses 
( Co1 1 t i 1 1 11ed fm111 page 3!) ) 

has a skep wa1·dro n t  and a large ampli
t 1 1 de .  :\c1·ertheless, n o  other technique 
todav can approach the extreme power 
p 1 1 lscs ohtai 1 1cd in 1 1a 1 1osccon d ti mes b 1 1 t  
t h e  spark gap. 

Fig. :3 sho\\"s t he detai ls .  The circu i t  is 
esse n t i a l k  a rf' laxatio1 1  osci l l a tion. Resis
t ors H l and H:2 cha rge capacitor Cl fro 1 1 1  
a h i gh-,·o l t age source u 1 1 t i l  t h e  cha rge 0 1 1  
C l  reaches t l 1e arc-over potent ial  of  t he 
spark gap. The ho lding l'oltage of an a rc 
is s 1 1 hs tant ia l lv  less t h a n  t h e  a 1·c-over po
tc1 1 ti a l .  and Cl "·ill t h 1 1 s  discharge i ts C ' l f  
i 1 1 t o  the load. \Vh e 1 1  the charge on C l  i s  
fi 1 1 ; 1 l h- too low t o  s 1 1stain t h e  arc, the co1 1 -
d 1 1c t io 1 1 ahrupt l v  ceases a n d  H I  a n d  H :2  
0 1 1 ce again s t  art s lowlv chargi ng C 1 for 
a n ew ci·cle. 

The 1; 1 1 lser mav be s1·n chronizcd bv a 
t ri gger pu lse that  arrives just before dis
charge wou l d  1 1o n 1 1 a l l v  occu r. By a care
f1 d design.  the i n d uctance of t he dis 
charge circuit  is held to an absolu t e  
1 1 1 i 1 i i mu m ,  pen ni tt i n g  C.\t reme risetimcs 
and c1 11Tents .  To i 1 1sure proper wave
fo n 1 1s. the loa(l resista nce must be vcrv 
low. 131· pla t i n g  < J i lli t he use of cot 1 t ro l led 
; 1 l 1 11osp here. t he effects of  burni ng, ag
i n g. and oxid,1tio1 1 1 1 1av be minimized .  

. .\. rectangular  p 1 1 lse i s  pro d 1 1 cecl b v  
using ,, t r a 1 1 s 1 n iss io 1 1  l i l le  instead o f  ;1 ca
P•lci t or. _just ns i ll  Fig. J C. This t i me, t l 1 e  
trnnsmissio1 1 l ine  m 1 1st h ;1ve a l l  extremelv 
low impedance a n d  i s  dt>signcd as an i 1 1 -
l"cgra l part of  t l 1 c  g:ip i ts!'l f .  ._ 

ELECTRONICS WO RLD 
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