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I h,· s!ora<J<' oscill o.1·co /'<' 011!· /'crforms //z,· (on·;·,·n ! iollal oscill osco /'<'. 



One of the desirable and potentially 1norc 
useful features of a general purpose con­
ventional oscilloscope is its ability to dis­
play, however momentarily, erratic events. 
linfortunatcly, the conventional oscilloscope 
cannot always present these e\·cnts m a 
conveniently-ohsen·ed manner. To con­
veniently display information for visual 
ohsen·ation, measurement, and analysis, the 
conventional oscilloscope requires events that 
recur in identical form many times per 
second. (~i\·cn these condition;;, the display 
will be a bright and steady trace. Erratic 
events are not al\\'ays so accommoclaling 
so as to repeat themseh·cs incleiinitely and 
allow the ohsen·er to revise or complete 
his e;;t imate;;. 

So in a con\-cntional oscilloscope, the 
ahiiit y to clisplay erratic events and the 
ability to present them in a com·eniently 
ohsen-ccl manner arc not ahvays compatible. 

A principal purpose for a high-speed 
storage system in a general-purpose oscil­
loscope, then, is to bring display conven­
ience into greater agreement with display 
capabilities, prcsen·ing the unexpected wavc­
f orm for as long as may be required to 
note clown its significant characteristics ancl 
climcnsions-or long enough to find a cam­
era, requisition some film, ai1d make a per­
manent photographic record. 

For the most part, the purposes of a 
storage oscilloscope can be served by a con­
\'Cnlional oscilloscope, a camera, and film­
lots of film. The usefulness of a storage 
oscilloscope, then, is primarily one of clc­
grec rather than one of kind; one of con­
venience rather than one of unique capa­
bility. Even so, anyone who has attempted 
to photo-record carefully-prepared multiplc­
exposurc of an clalioratc series of wave­
forms, only to fincl that he'd already used 
the last exposure on his roll of film, needs 
no reminder that c\·cn a small improvement 
in the clcgrec of assurance that critical data 
lo he rccorclecl lzas been recorded can he of 
consiclerahle Yalue. 

Tn the notes below, we h:we outlinccl 
some of the ways in which the storage 
f eaturc can he put to \1·ork in obtaining 
lll(ll"C usci ul and c01n-enienl oscilloscope 
displays for yicwing or for simplifiecl wayc­
form photography. 

GE?\ER:\L AT'PLTCATTO?\ AREAS 

The three primary uses for storage m a 
general-purpose oscilloscope arc: 

(1) To retain waveforms of single e\·ents 
which cannot be repeated-or which, if re­
pealed, may change significantly with each 
repetition. 

') 

(2) To allow direct comparison hy simul­
taneous clisplay of events happening at 
different ti111cs, or of related repetitive 
events ohscrvccl at various different points 
in a system or by means of different trans­
ducers. 

(3) To retain information from very 
slow-moving traces-such as those from 
low repetition-rate sampling systems or 
high-resolution spectrum analyzers-until 
the cnt ire display may he observed. 

SPECIFIC APPLICATION AREAS 

.\'onreprtiti<:c l'.<:enls 

Recording of random transients is the 
most familiar application in this area, since 
the storage oscilloscope may he left un­
attended for extended periods waiting to he 
triggered from an intermitlent or ranclom 
C\-cnt. \\'ithin this category of applications 
arc also cleslructi\·c testing or testing to 
near yield-limits where repeated testing may 
change the characteristics of the device un­
der lest, and measurements of phenomena 
where a number of "mis-fires" may he 
expect eel lief ore a satisfactory (e.g., worst­
case) waveform may be obtained. Much 
testing in the mechanical ancl electro­
mechanical fields falls into the non-repcti­
ti\·c area. 

I. Transistor Beta Characteristic /l b07.•e 
Power Rating 

Using an operational amplifier to clif­
ferentiatc the collector output waveform of 
a grounclecl-emittcr transistor driven by a 
linear ramp of current provides an output 
\'Oltage proportional lo the low-[ rcquency 
AC beta of the transistor for a given col­
lector load resistor. Plotting clV ,/cit against 
\T, gives a continuous plot of beta varia­
tion along the given load-line from cutoff 
to saturation if a sufficiently large base­
current ramp is available1

. Plotting d\T,/clt 
against h gives a direct indication of large­
signal output linearity over the range en­
compassed by the current ramp. 

Combining this measurement technique 
with the capability of completing and prc­
sen·ing a useful display in less than a milli­
second on a storage oscilloscope permits 
co1n-enient determination oi characteristics 
at many times the nominal maximum sleacly­
state colleclor-clissipation rating of the 
transistor, and without significant shifts 
in beta clue to large changes in junction 
tempera! ure. 

A simple circuit configuration providing 
a linear base-current ramp of up to 5 mA 
peak for NPN transistors is shown in 
Fig. I. For low-beta or high-power tran-
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Fig. 1. Test circuit for plotting f3 vs I,, V, for 

NPN transistor. Differentiation Ve when L- is 

a linear ramp produces a voltage proportional 

to /3· Capacitor C ( :::::0.01 C) corrects for 

overshoot in differentiator. 

sistors, a power amplifier or external ramp 
source is required to obtain the necessary 
linearity; for PNP types, an inverting 
amplifier with output voltage swing capa­
bilities v,b must he used to provide the 
hase-clri\'e current ramp. 

Direct calibration of the oscilloscope \'er­
lical amplifier in terms of beta per centi­
meter is as follows : 

{3/cm 
(Volts/cm) ( Rbb) 

TRL) (RrC) (Ramp dV/dt) 

Rbb is the constant-current series resistor 
in the hasc drive circuit. Ramp cIV /cit may 
be measured at the Vbb lest point using the 
internal time-base display. Re is the col­
lector load resistance, and Rr and C arc 
the differentiating components of the oper­
ational amplifier. A quick check of calibra­
tion may be obtained by removing the tran­
sistor and shorting together the base and 
collector terminals of the socket. A beta 
of -1 should be indicated in the display. 

Figure 2 shows beta variation of a Type 
2);1308 150 m\V germanium transistor for 
a 50-U load line and a V" of 20 V. Peak 
dissipation is 2 \V at 1, 200 mV, V, 10 V. 

Using this circuit, families of cur\·es 
for a given transistor may he displayed on 
the storage oscilloscope for (a) various 
collector load values (changing V /cm or 
R, with RL to hold the f3/cm value con­
stant), (b) various V" values, or (c) vari­
ous tempera! ure values, using external 
heating and monitoring equipment ancl trig­
gering a single display as the temperature 
passes through each desired point. This type 
oi application properly belongs to the second 
category helm\·, direct comparison of e\'ents 
happening at different times. A waveform 
photograph illustrating (h) 1s shown in 
application 4. 



Fig. 2. Plot of (3 for 2N 1308 transistor versus 

V,, I, for Yee= 20V, Re= 50D., V,_b 0 -

120 V, Rb 24 k. Vertical calibration (/3) 100/ 

cm; horizontal, 2 V /cm, 40 mA/cm. Peak (3 
al >600 is close to avalanche region for tran­

sistor. (Type 549 Oscilloscope, Type 0 Plug-

1 n.) 

2. Transformer Inrush Current and J:f­
fects 011 Switches 

A major cause of AC power-switch fail­
ures in transformer-powered equipment is 
the so-called inrush current occurring dur­
ing turn-on. A combination of four con­
ditions establishes the magnitude of peak 
inrush current for a given turn-on: (a) the 
hysteresis of the transformer core material, 
(b) the phase angle of the AC power 
source at the instant of last turn-off, (c) 
the phase angle of the power source at the 
instant of turn-on and (cl) the impedance of 
the input power loop, including the DC re­
sistance of the transformer primary. In 
the worst case, inrush current amounts to 
essentially the peak power-line voltage 
divided by the DC resistance of the trans­
former primary circuit. 

\ Vhere inrush currents alone are to be 
routinely measured, test-sets employing sili­
con controlled rectifiers and power diodes 
provide a means of providing a worst-case 
condition for each turn-on. 

\ Vhere the frequency of usage does not 
justify specialized test equipment, or where 
the effects of inrush currents on the switch 
itself during the closure process are to be 
evaluated, the storage oscilloscope (with a 
suitable differential input amplifier and 
probe arrangement) permits observation of 
hundreds of turn-ons with minimum incon­
\'enience or film waste, but with full as­
surance that permanent records may be 
kept of any turn-on waveform containing 
information of Yaluc. 

Figures 3 and 4 show the test circuit for 
measurement of inrush current, and a typi-

cal waveform obtained by these means. A 
current transformer used instead of probes 
and a resistiYe shunt would allow use of a 
single-ended oscilloscope input. But the low­
i requency response requirements to repro­
duce accurately the current waveforms of 
a transformer in a typical capacitor-input 
semiconductor power supply-for cxample­
having a \·ery small conducting angle and 
virtually no load for a large part of the 
cycle, are sometimes difficult to achieye and 
\'erify in a current transformer that will 
also give adequate indication of momentary 
peak currents in the 50 to 100 ampere re­
gion. 
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Fig. 3. Observation of inrush current using 

high-speed storage oscilloscope with differential 

input and differential probes. R,, P,, P, may be 

replaced with suitable wideband current trans­

former. 

Fig. 4. Inrush current in nominal 1 20 V, 240 W 

system (upper trace) compared with current 

waveform after warm up. Vertical, 10 A/cm; 

Horizontal, 10 ms/cm. (Type 549 Oscilloscope, 

Type W Preamplifier.) 

Figures 5 and 6 show the test circuit and 
typical results in measuring the potential 
drop across a switch in the process of clos­
ing a 60-Hz transformer primary circnit. 

The display is obtained by triggering the 
oscilloscope from the inrush current signal. 
Good overload recovery characteristics in 
the input amplifier are essential for this 
measurement, as the full line voltage is im­
pressed across the probes until the switch 
has closed. 
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Fig. 5. Observation of switch closure character­

istic during inrush. Current transformer 1 ,5Q,50 

provides trigger far either polarity inrush. 

Switching "low" side of line makes amplifier 

requirements less critical. 
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Fig. 6. Potential across switch contacts during 

inrush (upper trace) and after warmup. Ver­

tical, 200 mV/cm; horizontal, 10 ms/cm. (Type 

549 Oscilloscope, Type W Preamplifier.) 

Direct Comparison of I:i1e11ts Happening 
at Diffcrcnt Times 

Multiple-beam and multiple-trace oscillo­
scopes are designed to facilitate the direct 
comparison of events happening at the same, 
or very nearly the same time. The storage 
oscilloscope extends this capability to events 
happening at quite different times or at test 
points that arc not conveniently close to­
gether. 

3. Sperch Thrrapy for the Deaf 

A microphone, a storage oscilloscope, and 
suitable filters emphasizing the significant 
parts oi wore! and syllable w;n-cforms allow 
the student to practice vowels, syllables or 
words, with direct visual comparison of the 
suhtle harmonic phase shifts which convey 
speech intelligence, against his instructor's 
standard waveform stored on the screen. 
The split storage target permits continuous 
trial-and-error operation on one half of the 
screen without losing the reference wave­
form on the other. 

3 



Fig. 7. Stored single-sweep waveforms of speech 

sounds aid in speech therapy. Upper trace: 

the word "reed". Lower trace: the word "red". 

Release of the "d" sound is offscreen to the 

right. Waveforms are somewhat distorted due 

to poor room acoustics. Sweep, 30 ms/cm. 

(Type 564 storage oscilloscope, Type 3A3 

vertical amplifier set for 5 kHz bandwidth.) 

In Figure i, waveforms representing the 
pronunciation of the words "reed" and "reel" 
are compared, using a 5-kHz bandpass filter. 
Jvfore elaborate normalizing systems may he 
employee! in actual therapy work. 

4. Coillpariny the l'.ffects of Circuit Ad­
_iustillcnts 

A record of the effects of a series of 
adjustments or substitutions is often of 
\·alue in circuit or component work. An 
illustration (Fig. 8) is the effect of chang­
ing collector supply voltage V" in applica­
tion 1, showing the beta range for a given 
collector load resistance for four values 
of Vee. 
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Fig. 8. Comparison of waveforms under vari­

ant operating conditions. Type 2Nl 308 tran­

sistor beta vs V,, 1- as in Figs. l and 2, but 

V,- of 20, 15, 10 and 5 V. Vertical calibra­

tion ((31. 100/cm. 

Presrrz·ation of Co111p/etc Slml' J)isp/ays 

The problem of retrieving data from os­
cilloscope displays of slow-rate information 
can result in loss of information either be­
cause the beginning of the slO\\' trace is 
forgotten when the display is finished, or 
the display is deliberately completed at a 
faster than optimum rate, resulting in loss 
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of information in the display itself. 

:i. Sampling Systeill at Lml' Signal Repe­
tition Rates 

Fig. 9. Use of storage oscilloscope and manual 

scan feature of sampling system to obtain op­

timized dot density where needed. Upper trace, 

l 0 dots/cm. lower trace, manual scan. Fill-in 

required about l 0 seconds with l 00 Hz sam­

pling rate, but provided same detail as > l 000 

dots/cm requiring > 1.5 minute sweep. (Type 

564 oscilloscope, Type 3T77 time base.) 

The upper trace of Fig. 9 illustrates a 
case of possible information loss when a 
sampling oscilloscope clot density setting is 
insufficient to resolve all the significant 
data. In this particular case, the signal rep­
etition rate was 100 Hz, completing the dis­
play shown ( 100 samples) in 1 second, but 
with a serious loss of information in the 
leading edge which occurred "between clots", 
so to speak. The alternative of increasing 
clot density to 1000 clots/cm to obtain the 
necessary resolution would have required 
over 1.5 minutes to complete the display. 

The problem was solved in the lower trace 
hy storing the low clot-density trace, and 
then using the manual scan of the sampling 
system to increase clot density only at the 
points where needed, completing the display 
in minimurn time, and revealing the 70% 
overshoot which was hidden in the first 
trace. \Vhether with manual scan or in­
ternally-controlled high clot-density, the stor­
age oscilloscope facilitates rctric\·al of high­
rcsolution waveform information even from 
very slow-repetition-rate events from sam­
pling systems. 

6. High Resolution Displays from Sprc­
tn1111 A11a/y:::ers 

The maximum sensitivity and resolution 
of a 
when 
df/dt 

spec! rum analyzer are achieved only 
the dispersion (frequency sweep) 

is made to he very small. For normal 
viewing, in order to obtain a useful repeti­
tive display, it's usually necessary either to 
confine the dispersion to a \·cry narrow 
\';due, or keep the resolution low in order 
to maintain reasonable sensitivity and a 
usable display repetition rate. 
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Fig. l 0. Effects of df/dt on high-resolution 

spectrum analysis. Dispersion of 1 0 kHz, reso­

lution l kHz. Sweep rates are: Upper trace, 

20 ms/cm (50 kHz/s); middle trace, 200 ms/ 

cm (5 kHz/s); lower trace, 2 s/cm (500 Hz/s). 

Signa! is second harmonic of 5 MHz carrier 

modulated by l kHz squarewave (Type 549 

Oscilloscope, Type llOA/lllO Plug-In Spec­

trum Analyzer). 

Figure 10 illustrates the effect of df/dt 
sweep rate on sensitivity and resolution in 
a representative spectrum analyzer applica­
tion. Observing the second harmonic of a 
5-MHz earner modulated by a 1-kHz 
squarewave, a sweep of 10 kHz in 200 ms 
with a nominal 1-kHz resolution (top trace) 
produces only a hint of the signal and pos­
sible sidebands. Holding the same disper­
sion and resolution hut reducing the sweep 
rate to 200 ms/cm (5 kHz/s) begins to re­
veal the true nature of the signal. In the 
bottom trace, reducing i'he sweep to 500 
Hz/s provides sufficient resolution to iden­
tify the modulating signal as a squarewave. 
Time required to complete this 10 kHz 
sweep was 20 s. The advantage of the stor­
age tube in preserving the entire display 
becomes evident. 

SUMMARY 

Applications making best use of the capa­
bilities of a storage oscilloscope are those 
involving (a) non-recurrent waveforms, 
( b) comparison of waveforms of non­
simultaneous events and ( c) displays requir­
ing several seconds for completion. \Vi thin 
the writing speed limitations of the instru­
ment used, the storage feature may he 
used as a substitute for, or as an aid to, 
oscilloscope photography. Representative ap­
plications in these areas are: plotting tran­
sistor beta abm-c nominal power rating; 
measurement of transformer inrush current 
and its cf feet on power switches; compari­
son of human speech waveforms; and im­
proving resolution of sampling oscilloscope 
and spcct rum analyzer displays. 

Photographic Note: \Vaveform photo­
graphs reproduced here were taken with 
Polaroid® ?\ o. 4i film, using an exposure 
oi 1/5 s at f /5.6, except Figs. 7 and 9, which 
were taken at 1/2 s, f /11. 
1J ohn V. :Mc:Millin, "Simple Curve-Tracer 
Displays Transistor Beta" I:lcctronics, Au­
gust 24, 1962. 
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SUll'LS 
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ST( 11n<;1-: OSCl rxn-
l\L\J( lTE El\.bF FE.\-

This modification ]lnl\·ides an external 
Remote-Erase feature for the Type j64 
Storage Oscilloscope. 

I l installs a cirrnit as:;cmbly \\·hich con­
tains two monostable multi,·ihrators-one 
for the Cppcr display area and one for the 
Lower display area. \\.hen acti\·ated from 
either the iront panel Erase controls or the 
Remote-Source Erase controls these multis 
erase their respecti\·e display areas. The 
Remote-Source Erase control can he any 
S\\'itch contact that can short a wire from 
the Type 56+ to ground or any equi]Jment 
that can ]lrm·ide a negatiYc-going 5-to-10 
rnlt pulse for the multi of each display 
area. 

The external connections arc brought out 
to a four-contact connector on the rear of 
the Type 564 and a mating connector is in­
cluded to permit attachment of the Rcmote­
Erasc control. 

This modiiication applies to Type 564 
Storage Oscilloscopes, all serial numhers. 
Order through your local Tektronix Field 
Engineer or Field Of ficc. Specify Tek­
tronix ]Jar! number 040-0352-01. 

!'SHI t.\Tl IOllF-FOl.1.0\\ El\ J'f\()l\E 
]'].( () ll lc EFl '.\ rn 1..: IT 

This modification kit contains the parts 
necessary to repair seyeral P510A Cathodc­
Follower Probes. The instructions arc 
di\·ided into sections. so that any imJi,·idual 
JIOrtion of the probe can he repaired. 

Order through your local Tektronix Field 
Oifice, Field Engineer, Field Representa­
ti,·e or Distributor. Specify Tektronix part 
nurnl1er 040-0287-01. 

TYl'l·: _:;31, TYl'I-: _:;J_;, TYPE _:;-fl .\:\lJ 
TYPI·: _::;-!.::; (hCILUlSCOl'ES- (.llOl'-
1' I :\ ( ; . 'I 'I\\:\ S I E.\ T ll L\ :\ l( l :\ C; 

l nstallation of this modification supplies 
a rneans of applying a blanking n1ltage, to 
the cathode oi the oscilloscope CRT, to 
eliminate switching transients from the dis­
play. These l ransients \\·ill occur when a 
multiple-trace plug-in unit-installed in the 
oscilloscope-is O]lerated in its cho]lpcd 
mode. The blanking rnltage is applied by 
arti\·ating a S\\'itch installecl on the rear 
panel of the oscilloscope. 

The rnodi fication innih·cs the changing oi 
Y78 tube socket to a 9-pin type and adding 
a CRT C.\ THODE SELECTOR switch to 
the rear panel. . .\!so, \78, a 6A l!6 yacuurn 

tube, operating as a Multi-Trace Cnit's 
Sync Amplifier in the oscilloscope, is 
changed to a 6DJ8. One half of the 6DJ8 
is used as the Sync Amplifier ancl the other 
half is used to generate the blanking Yolt-
age. 

This mlormation applies to Type 531, 
Type 535, Type 541, and Type 545 Oscillo­
scopes, serial numbers 101 to 20,000 and to 
all Rack :tviount instruments in these types 
with serial numbers 101 to 1000. 

Order from your local Tektronix Field 
Office, Field Engineer, Fidel Representa­
tiyc or Distributor. Specify Tektronix part 
number 040-0403-00. 

TYl'l·: .o3.2 \:\ll TYPF R\U.2 OSCILUl­
SUll'FS S\\ !·Tl' UJC!(()\"J' 

Your Type 532 or Type RM32 Oscillo­
scope can he modified for the study of 
one-shot phenomena by installation of this 
kit. 

The Sweep Lockout f eaturc permits you 
to "arm" the sweep to fire on the next 
trigger to arri\·e. After firing once the 
sweep is lockecl out and cannot fire again 
until rearmed hy pressing the RESET but­
ton. All original features of the instru­
ment arc retained. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Reprcsenta­
ti,·c or Distributor. Specify Tektronix ]Jar! 
number 040-0147-00. 

TYl'E -1.03 OSCILLOSCOPE -POHT.\-
1\I. E-T()-R_ \ CK\I m · :\T C< l:\\Tl\S Ir l:\ 

This modiiication supplies the necessary 
rnechanical components and hardware to 
securely rackmount the Type 453 Portable 
Oscilloscope. 

.-\ special feature oi this kit is the Rack­
mount Rear Support assembly. .-\ Type 
453 correctly installed as a rackmount and 
using the Rear Support assembly \\·ill sur­
ce:;siully withstand an em·ironmcntal shock 
of 30 (~'s or Yihration of -!- G's. This can 
be an important consideration for Type 
-!-53's installed in mobile m shipboard units 
and in aircraft. 

.-\ irame, assembled from components and 
hardware in the modification kit, allo\\·s the 
oscilloscope to be mounted in a standanl 
1 <)" O]len or closed relay rack, or slide out 
track:.;, 

Order through your local Tektronix Field 
Oificc. Field Engineer, Field Representa­
ti\·e or Distributor. Specify Tektronix part 
number 040-0420-00. 

TY I' E _:;z(i \TCTO FSCCllT 
F\ :\ .\fClTOl\ 

This modification installs a lower r/min 
fan rnotor assembly to reduce the audio 
noise-le\·cl of the fan motor assembly. The 
new fan motor assembly is a direct re­
placernent except ior the addition of a motor 
capacitor, \Yhich requires the drilling of 
two j/36 inch holes in the rear panel of 
the Type 526. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Represcnta­
tiw or Distributor. Specify Tektronix part 
number 040-0412-00. 

nsc1 LU lSCCll'E Cl~.\ Illy :-rCW?\T 

This modification enables the Tektronix 
Oscilloscopes listed below to be rack-mount­
ed in a standard 19" relay rack. Required 
wrtical front-]lancl space is 170 inches. 

The modification is applicable to the fol­
lowing oscilloscopes: Types 524AD, 531, 
532, 541, 545, and 570, serial numbers 5001 
and up; also, Types 531A, 533, 533A, 535A, 
536, 5-!-L-\, 543, 543A, 543B, 54-f, 545A, 
54jB, 546, 547, 575, 581, 581A, 585, 58SA, 
an<! 661. all serial numbers. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Represcnla­
ti\'C or Distributor. Specify Tektronix part 
number 040-0287-00. 

DC F.\:\ \lCJT(JR FOJ\ LISTED OS­
c·ILUlSCOPFS 

This modification enables the oscilloscopes 
listed below to operate on 50- to 400-cyclc 
po\\'cr lines. It installs a DC fan motor, 
a thermal time-delay relay, and a DC power 
sup]lly relay. 

The modification 1s applicable to the 
follm\·ing inst rumen ls: 

TYPE SERIAL NUMBER 

531A 20001-22073 

535A 20001-24349 

541A 20001-21454 

545A 20001-27729 

RM31A 1001-1579 

RM35A 1001-1850 

RM41A 1001-1189 

RM45A 1001-1892 

(Please note: Tf your instrument has the 
DC Relay Modification Kit 040-258 111-

stalled, use Field Modification Kit 040-
0233-00.) 

Order through your local Tektronix Field 
Office, Field Engineer, Field Rcprcsenta­
tiye or Distributor. Specify Tektronix part 
number 040-0231-00. 
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CHILE 
COLOMBIA 

HONG KONG and 
MACAU 

INDIA 

JAPAN 

MEXICO 

NEW ZEALAND 

PAKISTAN 

SINGAPORE 

URUGUAY 

VENEZUELA 

Telephone: (503)644-0161 Telex: 036-691 Cable: TEKTRONIX 

Coasin S.A., Virrey del Pino 4071, Buenos Aires .. Cable: COASIN, Buenos Aires ... Telephone: 52-3185 

Importa<;ao Industria E Comercio Ambriex, S.A., Av. Gra<;a Aranha 226-6°, Rio de Janeiro, ZC-00 ..... . 
Cable: RAIOCARDIO Rio de Janeiro ... Telephone: 42-7990 & 42-7291 

Jmporta<;ao Industria E Comercio Ambriex, S.A., Av. Pacaembu, 811 Sao Paulo .... Telephone: 37-7611 
Pentz y Cia., Ltda., Casilla 2839, Santiago . . . . . . . . . . . . . . Cable: PETIER Santiago ... Telephone. 63010 
Manuel Trujillo Venegas & Cia., Ltda., Calle 12 No. 5-82 4° Piso (Apartado Aereo #3956) Bogota D.E., 

Cable: MATRUVE Bogota ... Telephone: 42 31 99 & 42 92 17. 
International Service Corporation Ltd., 64, Castle Peak Road, Kowloon, Hong Kong .... Telephone: 868214 

Cable: INS COL, Hong Kong 
Electronic Enterprises, 46, Karani Building, New Charni Road, Bombay 4 BR .......... Telephone: 75376 

Cable: TRONIX Bombay 
Midoriya Electric Co., Ltd., 3, 2-Chome, Kyobashi, Chuo-Ku, Tokyo .................. Telephone: 561-9256 

Cable: MIDRIYAELEC Tokyo 
Fredin S.A., Melchor Ocampo No. 212-505, Mexico 5, D.F., (P. 0. Box 53-958, Mexico 17, D.F.) ...... . 

Telephone: 46-44-21, 34-88-61 
W & K McLean, Ltd., 7 Anzac Avenue (P.O. Box 3097) Auckland ................. Telephone: 34-541 

Cable: KOSFY Auckland 
Pak-Land Corporation, Central Commercial Area, Iqbal Road, P.E.C.H. Society, Karachi 29 

Cable: P AKLAND Pakistan ............. Telephone: 47315 
Mechanical & Combustion Engineering Co. Ltd., 9, Jalan Kilang, Redhill Industrial Estate (P.O. Box 46, 

Alexandra Post Office), Singapore 3 . . . . . . . . . . . . . . . . . . . . . Cable: ME COMB ... Telephone: 642361-3 
Compafiia Uruguaya De Rayos X y Electromedicina S.A., Mercedes 1300, Yaguaron 1449, Montevideo ..... 

Cable: CURZRA Y, Montevideo . . . . . . . . Telephone: 8 58 29 
Tecnica Nuclear de Venezuela, C.A., (Apartado Del Este 10.507) Plaza Morelos Edificio Eso, Caracas .... 

Cable: TECNUC Caracas . . . . . . . . . . . . . Telephone: 54-39-56 



I 
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INTERNATIONAL DISTRIBUTORS 

SuPPLIED AND SUPPORTED BY TEKTRONIX LIMITED, P.O. Box 36, S-r. PETER PORT, GUERNSEY, CHANNEL ISLANDS 
Telephone: Guernsey 23411, Telex: 41193 

Tektronix Limited maintains a warehouse of United States-made instruments, accessories and parts on the 
Island of Guernsey to quickly support these distributors in filling customer orders. Technical support of customers 
and distributors is also available from this facility. In addition, Tektronix has manufacturing facilities within the 
European Economic Community and European Free Trade Association. 

ANGOLA 

AUSTRIA 

BELGIUM 

DENMARK 

FINLAND 

FRANCE 

GREECE 

ISRAEL 

ITALY 

LEBANON 

Equipamentos Tecnicos, Lda., Caixa Postal 6319, Luanda . . . . . . . . . . . . . . . . . . . . . . Telephone: Luanda 6917 
Cable: EQUIP AL Luanda 

Inglomark Markowitsch & Co., Mariahilfcr Strasse 133, \Vien 15 . . . . . . . . . . . Telephone: 54-75-85-SERIE 
Telex: Wien 1393 ... Cable: INGLOMARK Wien 

Regulation Mesure, SPRL, 22, Rue Saint-Hubert, Bruxelles 15 ....................... Telephone: 71.20.20 
Telex: 02-21520 ... Cable: MEREG Bruxelles 

Tage Olsen A.S., 1, Ronnegade, Copenhagen 0 ............................... Telephone: (01) 29.48.00 
Telex: 5788 ... Cable: TOCOPEN, Copenhagen 

Into 0/Y, P. 0. Box 153, 11, J\Ieritullinkatu, Helsinki . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Telephone: 61.133 
Cable: INTO, Helsinki 

Relations Techniques Intercontinentales, S.A., 134, Avenue de Malakoff, Paris XVI ................... . 
Telex: 25.002 ... Cable: RELA TEK, Paris . . . Telephone: P ASsy 08-36 & P ASsy 43-09 

Relations Techniques Intercontinentales, S.A., Bureau Regional de Lyon, 166, Avenue Berthelot, (69) Lyon 7' 
Telephone: (78) 72.00.70 

Relations Techniques lntcrcontinentales, S.A., Bureau Regional de Nice, 11, Avenue Valdiletta, (6) Nice 
Telephone: (93) 84.05.93 

Relations Techniques lntercontinentales, S.A., Bureau Regional de Toulouse, 15, rue Joseph Vie, (31) Toulouse 
Telephone: (61) 42.04.50 

Maries Dalleggio Representations, 2, Alopekis Street, Athens 139 ..................... Telephone: 71\l.669 
Cable: DALMAR Athens 

Eastronics Limited, 75 Haifa Road, (P.O. Box 21029) Tel Aviv .................... Telephone: 446060 
Telex: 033-638 ... Cable: EASTRONIX Tel Aviv 

Silverstar Ltd., Via Dei Gracchi N20, Milano . . . . . . . . . . . . . . . . . . . . . . . . . . . Telephone: 469.6551, 2, 3, 4, 5 
Cable: SILVERSTAR, Milano 

Silvcrstar Ltd., Via Paisiello N.30, Roma ... Cable: SIL VERST AR, Roma ... Telephone: 855.366 & 869.009 
Silverstar Ltd., Via Castelfidardo N.21, Torino ............................. Telephone: 400.75 & 435.27 

Cable: SILVERSTAR, Torino 
Projects, P. 0. Box 5281, Beirut .................... Cable: PROJECTS Beirut ... Telephone: 241200 

The NETHERLANDS C. N. Rood, N. V., 13. Cort van der Lindenstraat, P. 0. Box 4542, Rijswijk ........................... . 

NORWAY 

PORTUGAL 

REPUBLIC OF 
SOUTH AFRICA 

SPAIN 

SWEDEN 

TURKEY 

WEST GERMANY 

Telex: 31238 ... Cable: ROODHOLLAND G.V .... Telephone: The Hague 98.51.53 
Morgenstierne & Co. A/S, Wesselsgt 6, Oslo 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Telephone: 20-16-35 

Telex: 1719 ... Cable: MOROF Oslo 
Equipamentos de Laboratorio Lda, Rue Pedro Nunes 47, Lisboa 1 . . . . . . . . Telephone: 73.34.36 & 73.34.37 

Cable: EQUILAB, Lisboa 
Protea Physical & Nuclear Instrumentation (Pty) Ltd., 38, Faraday Street, Wemmer, Johannesburg ..... 

Telex: ]7337 ... Cable: MANLU ..... Telephone: 838-8351 
Carlos Rafael Mares, S.L., Valencia 333, Barcelona (9) .......................... Telephone: 257.62.00 

Cable: SERAM Barcelona 
Carlos Rafael Mares, S.L., Calle Ibiza 70, Madrid . . . . . . . . . . . . . . Telex: 7332 . . . Telephone: 273.38.15 
Erik Ferner, A.B., Snormakarvagen 35, Box 56, Bromma . . . . . . . . . . . . . . . . . . . . . . . . . Telephone: 08/252870 

Telex: 10312 ... Cable: SCIENTRON, Stockholm 
Erik Ferner, A.B., Vastra Annebergsvagen 3H, Partille, Goteborg . . . . . . . . . . . . . . . . Telephone 031/44 41 30 
M. Suheyl Erkman, Necatibey Cad No. 207, Galata, Istanbul ......................... Telephone: 441546 

Cable: INGMESUER Istanbul 
Rohde & Schwarz Vertriebs-GmbH, Hohe Strasse 160-168, Koln ..................... Telephone: 23-30-06 

Telex: 08882917 ... Cable: ROHDESCHW ARZ Koln 
Rohde & Schwarz Handels-GmbH, Ernst-Reuter-Platz, 10, Berlin 10 ................ Telephone: 34-05-36 

Telex: 0181636 ... Cable: ROHDESCHWARZ Berlin 
Rohde & Schwarz Vertriebs-GmbH, Kornerstrasse 34, Hamburg .................... Telephone: 27.41.41 

Telex: 0213749 ... Cable: .ROHDESCHW ARZ Hamburg 
Rohde & Schwarz Vertriebs-GmbH, Kriegsstrasse 39, Xarlsruhe ...................... Telephone: 23.97.7 

Telex: 0782730 . . . Cable: ROHDESCHWARZ Karlsruhe 
Rohde & Schwarz Vertriebs-GmbH, Dachauer Strasse 109, Miinchen ................. Telephone. 52.10.41 

Telex: 0522953 ... Cable: ROHDESCHWARZVERTRIEB Miinchen 
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