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At last we have what amounts to a 
backward vacuum tube—a p-channel 
FET. In this device, electron current 
goes from drain (plate) to source 
(cathode). 

The Field Effect Transistor ( FET) is a 
comparatively new device whose operation 
differs radically from the more familiar 
n-p-n and p-n-p types of transistors. The 

FET is a single-junction majority-carrier 
device while the n-p-n and p-n-p transistors 
are double-junction minority-carrier devices. 
FET manufacturers have settled on a 

new series of names for the three basic 
leads of this device; so, once again we en-
counter a change in terminology. Figure 1 
compares an FET, a conventional transistor 
and the familiar vacuum-tube triode to show 
this change in basic-lead terminology. 
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Figure 1. Comparison of basic lead terminology of FET's, transistors, and vacuum tubes. 
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Figure 2. Comparison of an n-channel FET and a p-channel FET. 

Figure 3. Illustration of how the voltage applied as back- bias can control the flow of current in 

an n-channel FET. 

As with conventional transistors, which 
are represented by two types of devices 
(n-p-n and p-n-p), the FET is also repre-
sented by two types of devices. These are 
designated the n-channel and the p-channel 
types of devices ( see Figure 2). 

The electron in "n" material has a faster 
mobility than the hole in "p" material. 
Thus, the n-p-n transistor has a faster 
mobility than the p-n-p transistor and conse-
quently a higher frequency response. A 
similar condition exists with the new FET's. 
The n-channel FET promises a greater fre-
quency response than the p-channel device. 
This does not mean that the p-channel device 
is not being manufactured. 

The FET is a single-junction device made 
up with the Source-to-Drain material (the 
majority-carrier path) doped in either the 
"n" or the "p" direction and with the Gate 
material doped in the opposite direction. By 
applying voltage so as to oppose the major-
ity carriers in the channel (a negative volt-
age applied to the gate opposes electron flow 
in n-channel material—a positive voltage 
opposes hole flow in p-channel material) the 
device is back biased. Under these condi-
tions, the n-channel or p-channel material 
becomes a constrictive layer of dielectric 
material past which majority carriers must 
flow and can thus be controlled. See Figure 
3. 

For a given voltage setting between the 
gate and the source (bias, if you will), the 
FET rapidly reaches a point of saturation 
in the source-to-drain majority-carrier path. 
This region of the curve gives the FET an 
effective 12, approaching infinity. This is 
where an increase in drain voltage (VD) 
does not result in an increase in drain cur-
rent (ID). This area of the curve is spoken 

A-2312 Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In-
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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Figure 4. A chart of VD vs ID curves of an 
FET showing the pinch off region and Ohmic 
region at different values of bias voltage. 
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Figure 5. A chart of the VD vs Ii, curves of 
another FET showing Zener-knee breakdown of 
Gate- to- Drain back- biased diode. An exten-
sion of the curves shown in Figure 4 would 
reveal a similar tendency of this FET to ava-
lanche at some certain VD voltage. 

of as the "Pinch-Off Region". See Figure 
4. The area to the side of this ( where an 
increase in Vs results in an increase in 
ID—close to the graph axis) is termed the 
"Ohmic Region". 

A study of the VD vs ID curves ( see 
Figure 5) shows that with a given load 
line, the resultant transfer curve is non-

linear. This non-linearity is relative to the 
deviation in the resistance represented in the 
majority-carrier path as controlled by the 

biasing voltage. The best "g." occurs under 
zero bias conditions and the forward voltage 
at which saturation of this path occurs is 
called V, (pinch-off voltage). V, is counted 
as a characteristic of the individual device. 
Thus, in order to find the active gm at a 
bias different than zero, we must multiply 
the zero-bias g, by the factor one minus 

the ratio of gate voltage-to-pinch-off volt-
age raised to the two-thirds power. 
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Figure 6. Comparison of an FET and a Unijunction 

Operational g., = g,. ( at zero bias) 

Now, with a truly representative g,0 avail-
able, one can closely predict the voltage 
gain of the device in a circuit by using the 
Pentode A, formula: 

A, = operational g. x RL. 

Noting that the input to the device is a 
back-biased diode, one can see that it offers 
a high input impedance and that this back-
biased junction will show a capacitative 
effect from gate-to-source and from source-
to-drain. The latter also gives a miller 
effect. Note also, that the input-impedance 
will decrease with increasing frequencies at 

1  
which the product becomes compa-

2rf Cas 

rable to the input resistance. Also, the gain-
bandwidth product will be approximately: 

Gain Bandwidth — g.  • 
2r (Ci± C.,,t) 

Again, similar to the vacuum tube pentode. 
This dictates the usual compromise between 
gain and bandwidth when using this device. 

The FET should not be confused with the 

Unijunction Transistor. The theory of oper-
ation is totally different, although at first 
glance, the unijunction transistor looks al-

most like an n-channel FET. See Figure 6 
for a comparison. 

The unijunction transistor operates as a 
current-driven device with a forward-biased 
junction of p-to-n material injecting holes 
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Figure 7. Variation of Source-to-Gate and 
Drain- to-Gate capacitance with voltage. 

OHMIC 
CONTAC T 

OHMIC 
BASE'. 1 CONTACT 

THE UNIJUNCTION TRANSISTOR 

transistor. 

into the n material between the emitter and 
base # 1 thus reducing the ohmic resistance 
of the contact. The FET operates with a 
voltage-driven gate and the resultant back-
biased junction with the field restricting the 
majority-carrier flow through the body of 
the device. The FET, like a vacuum tube, 

is a normally "ON" device and must be 
turned "OFF". Conversely, the unijunction 
transistor is a normally "OFF" device ( as a 
result of the ohmic contacts) and must be 
turned "ON" by the signal at the emitter— 
two totally different theories of operation. 

To summarize the properties and charac-
teristics of the FET: 

A. Input Impedance: 

1. The FET is a high-input impedance 
device, the input terminal is essen-
tially looking into a reverse-biased 
junction. 

2. The FET has input capacitance that 
varies inversely with Vso (bias). 
See Figure 7. 

B. Mode of operation : 

1. The FET is a voltage-controlled 
device just as a vacuum tube pentode. 

2. The FET has a very, very high R. 
(12,) characteristic similar to a 
vacuum tube pentode. 

3. The FET has a consistently non-
linear g. characteristic. 

C. Output Impedance: 

I. The FET is a high-output impedance 

device ( current source). However, 
different means of manufacturing 
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Figure 8. Plot showing leakage current from 
Source - to - Gate ( ls(1o) and Drain - to - Gate 

(IDG.,) against temperature under zero bias 
conditions. 
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may result in relatively low ratings 
of this characteristic in comparison 
with the vacuum tube pentode. 

Another noteworthy characteristic of 
FET's is their built-in protection against 
thermal run away. Because the input is a 
back - biased diode, the thermal - sensitive 
backward current ( leakage current) flows 
from both the source-to-gate ( Io) and 
drain-to-gate (Imo). Plotting this linear 
current against temperature under zero bias 
conditions of the other element gives two 
straight line projections as shown in Figure 
8. 

This increase in leakage current in the 
gate junction has a resistive effect on the 
majority-carrier path resulting in a lower 
saturation current for a given bias voltage. 
For a graph of this action under zero bias 
conditions, and with the forward voltage 
from the drain to the source set at 50 volts, 
see Figure 9 (a). A cross graph of gm and 
output resistance plotted against temperature 
is shown in Figure 9 ( b). The combination 
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Figure 9. ( a) Graph of saturation current 
under zero bias conditions and with the forward 
voltage from Drain- to-Source set at 50 volts. 
(b) Cross graph of gm and output resistance 
plotted against temperature. 

of these two reactions to temperature is 
such that as temperature goes up, gm goes 
down and R. (counterpart of R in vacuum 
tubes) goes up. In other words, as the gate 
starts to lose control of the drain current, a 
greater portion of the actual drain current 
will be passed on to the load resistor thus 
tending to maintain the same change of 
voltage at the output. This is what we mean 
when we say that FET's have built-in pro-

tection against thermal run away. This 
statement is not wholly true in the case of 
MOS ( Metal-Oxide-Insulated) FET's. 

The MOS FET's separate the gate and 
channel with a layer of intrinsic material. 
As temperature increases on this device, the 
channel apparently increases also as it starts 
to include some of the insulating layer into 
the main channel. The MOS FET reacts 
more to changes in temperature than the 
regular FET's even though they do away 
with leakage currents in the gate circuit. 

With standard FET's, leakage currents in 
the gate lead have been reduced to the 
neighborhood of 0.001 to 0.0001 mA and 
this can be tolerated where instability of In 
with temperature change cannot. 

Characteristic curves of FET's can be 
displayed on a Type 575 Transistor-Curve 
Tracer. The EMITTER-GROUND 
(SOURCE-GROUND) mode is used with 
the POLARITY control of the Collector 

Figure 10. Drain characteristics. Vos ( horizon-
tal) = 2 V/cm, ID (vertical) =. 1 mA/cm. 
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Figure 12. Transfer curve across zero bias. VG., 

(horizontal) =. 0.5 V/cm, Inss ( vertical) = 
2 mA/cm. Center vertical graticule line is zero 
bias. , Negative bias to left, positive bias to 
right of center line. Crowding of markers on 
right hand side is due to gate drawing cur-
rent. 

Sweep set to NPN ( for n-channel FET's) 
or PNP (for p-channel FET's). The 
POLARITY control of the Base Step 
Generator should be set to MINUS for n-
channel and PLUS for p-channel FET's. 

FET's that require more than 2.4 volts to 
drive them to cut off—and the great major-
ity are in this category—will require that a 
1 lat, 1% resistor be connected between 
the BASE (GATE) and EMITTER 
(SOURCE) binding posts on the test panel 
of the Type 575. This, in order to convert 
the BASE current, as indicated by the 
STEP SELECTOR switch in MA, to Gate 
VMS voltage in volts. Thus, 1 mA per 
step into 1 k11 gives 1 volt/step and twelve 
steps at 1 mA per step can give up to 12 
volts—ample in most instances to drive any 
FET to cut off. 

The four waveforms represented in Fig-
ures 10, 11, 12, and 13 were obtained in this 
manner. The FET used in these tests was 
an Amelco U-1346 field effect transistor. 
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Figure 11. Drain current vs Gate Source Volt-
age (ID VS Vos with Vos constant). VG's ( hor-
izontal) = 0.5 V/cm, loss ( vertical) = 1 mA/ 
cm. 
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Figure 13. Drain curves showing avalanche 
(breakover at the Gate-to- Collector Zener 
Knee). Vos ( horizontal) = 5 V/cm, loss ( ver-
tical) = 0.5 mA/cm. 
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TEKTRONIX-PRODUCED FILMS AVAILABLE 

Ten films produced by Tektronix, Inc. 
have been certified as education films by 
the U.S. Information Service. These films 
are available on free loan as an aid to 
companies engaged in educational or train-
ing programs for their employees; or, if 
preferred, the films may be purchased. 

Interested persons should contact their 
local Tektronix Field Office, Field Engi-
neer, Field Representative or Distributor. 

Listed below are the film titles, along 
with a brief review of the film: 

"The Oscilloscope Draws a Graph" . . . 
A 20-minute color film in sound. The film 
explains that the oscilloscope display is 
usually in the form of a graph, and de-
scribes how to read or interpret the dis-
play. 

"The Cathode-Ray Tube, Window to 
Electronics" . . . A 35-minute color film 
in sound with animated sequences. This 
film explains in simple terms how a cathode 
ray tube works. It depicts the heart of the 
oscilloscope, the cathode ray tube, as it is 
used in radar, sonar and many other elec-
tronic systems, including computers. The 
film also shows the step-by-step manufac-
turing process of cathode ray tubes at Tek-
tronix, from the forming of metal "gun" 
parts to the final testing of completed tubes. 

"The Square Wave" . . . A 25-minute 
black and white sound film. Discusses the 
theory of square waves, employed in com-
puters and many other electronic devices; 
usually, in the form of coded information. 
Animated drawings show how sine waves 

OOPS! WRONG PART NUMBER 

In the October, 1965 issue of Service 
Scope two typographical errors involving 
part numbers, slipped by your editor. Both 
errors occurred in the article "Type M 
Four-Trace Plug-In Unit—Channels A, B, 
C, and D: Crosstalk". The part number 
listed as 283-0050-00 should have read 213-
0005-00; and the part number listed as 210-
0001-00 should have read 210-0201-00. 

contained in square waves are harmonically 
related. The film demonstrates the basic 
use of the square wave generator and oscil-
loscope and resulting information obtained 
from distortions. It discusses risetime and 
its importance in testing modern high speed 
electronic equipment. Suitable for audi-
ences with at least a basic knowledge of 
electrical theory. 

"Transmission Lines" . . . A 23-minute 
black and white sound film. Discusses the 
fundamentals of transmission lines. Ani-
mated drawings illustrate how electrical 
energy is transmitted along a line. An 
oscilloscope shows how reflections can oc-
cur in a line. Characteristic impedance, the 
importance of proper terminations, line 
losses, time delay, and velocity factor are 
also discussed. 

"Time and Quantity" . . . A 27-minute 
black and white film in sound. Discusses 
the measurement of time and quantity from 
billions of years to billionths of a second. 
Shows the importance of the oscilloscope 
as the basic means of making accurate 
measurements of very small segments of 
time. 

"The Oscilloscope, What It Is—What It 
Does" . . . A nine-minute color sound film. 
Presents a non-technical explanation of the 
oscilloscope and its uses. Stresses the im-
portance of the instrument as a measuring 
tool in electronic and other fields. Oscillo-
scopes measure physical data in relation 
to small amounts of time. They are used 
in research, engineering, and education, and 
in production testing and maintenance of 

* * * * * * * * * * * 

electronic computer and communication 
systems. 

"Thevenin's Theorem" . . . A 12-minute 
black and white sound film. Presents a 
simplified approach to solving an electronic 
circuit which would otherwise involve com-
plex mathematics. 

"Solving the Unbalanced Bridge . . . A 
17-minute black and white sound film. 
Normally a solution to an unbalanced bridge 
problem requires considerable mathematics 
involving three simultaneous equations. This 
lecture film shows and explains how simply 
this can be accomplished using Thevenin's 
Theory and Ohm's law. 

"Triode Plate Charactei istics . . . A 
16-minute black and white sound film. Dis-
cusses plate characteristics of a typical tri-
ode (6DJ8) showing how the three basic 
tube characteristics, amplification factor, 
plate resistance, and transconductance, may 
be determined from a set of plate curves. 
It also plots a load line and shows how to 
determine the gain of a simple amplifier 
from these curves. In addition a continu-
ous display of the curves of a tube under 
actual operating conditions is shown on the 
Type 570 Characteristic Curve Tracer, a 
special-purpose Tektronix oscilloscope. 

"Ceramics and Electronics" . . . A 22-
minute color film with sound. Shows the 
importance of ceramic elements in the 
electronic industries and stresses the appli-
cation of ceramic insulating strips and other 
ceramic parts in oscilloscopes. It also shows 
the complete manufacturing process, in-
cluding mixing of clays, firing, and glaz-
ing, at Tektronix. 

THE READER'S CORNER 

"Current Measurements at Nanosecond 
Speeds" is the title of an article written 
by a Tektronix engineer and published in 
the October, 1965 issue of ELECTRONIC 
DESIGN NEWS. The article discusses the 
problems encountered when attempting to 
measure nanosecond and sub-nanosecond 
current pulses. It describes the use of a 
current transformer for accurate current 

measurements at nanosecond speeds. 

Author of the article is Mnrlan R. Kauf-
man, Design Engineer with the Digital 
Instrument group at Tektronix, Inc. Re-
prints of the article are available. Con-

tact your local Tektronix Field Office, 
Field Engineer, Field Representative or 

Distributor. 

fr 
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CRT MESH FILTER AND RFI 
SHIELD 

DUST COVERS FOR OSCILLO-
SCOPES 

TEST POINTS FOR B PLUS 

Tektronix engineers have come up with 
a new CRT light filter and RFI shield 
that is unique. This new CRT Mesh Light 
Filter and RFI Shield is a metal screen 
of sub-visible mesh with the surface treated 
for extremely low reflectance. The screen 
is tautly mounted on a metal frame. This 
unique filter-shield is a direct replacement 
for the existing graticule cover on most 
Tektronix oscilloscopes. Two exceptions 
are the Type 422 and Type 453 Portable 
Oscilloscopes. The filter-shield for these 
instruments snaps into the CRT opening 
on the front panel. 

The purpose of this new mesh filter-shield 
is to enhance visual CRT trace-to-back-
ground contrast and attenuate RFI radi-
ated from the CRT faceplate. It accom-
plishes these purposes very well indeed. 
The curtailment of external ambient light 
reflections is highly efficient. Trace-to-
background contrast is enhanced to a point 
where it provides an ability to view low-
intensity traces in normal room light, or 
even in brighter-light environments. The 
metal mesh is grounded to the metal frame. 
Thus, when the filter-shield is in place on 
the oscilloscope, a ground path from mesh-
to-f rame-to-oscilloscope effectively carries 
a large part of the CRT-emitted RFI spec-
trum to chassis ground. Actual quantita-
tive filtering depends upon the character-
istics of the radiation and this varies be-
tween instrument types. 

Following is a list of instrument types 
and the part number of the CRT Mesh 
Light Filter and RFI Shield they use: 

TYPE 

422 

453 

502, 502A, 503, 504, 

515, 515A, 516, 

517A, 524AD, 661; 

530, 540, 550, and 

580 Series 

PART NUMBER 

378-0571-00 

378-0573-00 

378-0572-00 

506, 560 Series, 527, 

RM529, 647 378-0574-00 

The CRT Mesh Light Filter and RFI 
Shields may be ordered through your local 
Tektronix Field Office, Field Engineer, 
Field Representative or Distributor. 

Figure 1. New dust cover for Tektronix oscil-
loscopes shown on a Type 5458 Oscilloscope. 

In response to numerous customer re-
quests, we have designed and now have in 
stock dust covers for some Tektronix oscil-
loscopes. See Figure 1. The covers are 
made of blue vinyl material with a taffeta 
grained matte finish. There are black gimp 
seams around the bottom, front and back. A 
dear vinyl front allows easy identification 
of the oscilloscope and access holes in the 
top permit the oscilloscope to be moved 
with the cover in place. The Tektronix 
"bug" (trademark) and the word Tektronix 
are silk screened on the sides. 

Covers are available for the following 
instruments: 

TYPE 

647 and 560 Series 

(except 565 and 567) 

500 Series 

565 and 367 

502 and 502A 

453 

422 

(with AC/DC bat. pak.) 

422 

(with AC pwr. . up. 

only) 

PART NUMBER 

016-0067-00 

016-0068-00 

016-0069-00 

016-0070-00 

016-0074-00 

016-0075-00 

016-0076-00 

Covers may be ordered through your 
local Tektronix Field Office, Field En-
gineer, Field Representative or Distributor. 

Figure 2. Short pieces of bare wire in!talled 
as B- plus test points in the ceramic strips of 
a Type 5458 Oscilloscope. 

L. E. Rishel, with the Otis Air Force 
Base in Massachusetts, has submitted to 
the Air Force and to Service Scope, a 
"do-it-yourself" modification that you may 
want to adopt. 
The suggestion involves installing short 

pieces of bare wire in the ceramic-strip 
slots in Tektronix instruments at the B 
plus test points. These wires provide quick 
and easy attaching points for a voltage-
measuring probe tip and are safe even when 
using the alligator clips often employed 
with a voltmeter. 
We tried the mocfification on a Type 

541A Oscilloscope ( See Figure 2 ). In-
stallation can be accomplished in a matter 
of minutes and offers no adverse effects 
on the scope's operation. The wire pieces 
need not extend more than 54" above the 
ceramic strip. Installed thus, they provide 
an ample length for the voltage-probe tip 
to grasp, yet are not so long as to offer 
a hindrance in the normal maintenance 
and calibration of the oscilloscope. 
With the emphasis toward ever more 

compact instruments, and the close spacing 
of components that results, we recognize 
the need for easily accessible test points. 
Some of our latest instruments have just 
such test points designed into them. We 
expect this trend to continue in future 
instruments. 

TYPE 529 WAVEFORM MONITOR— 
HIGH FREQUENCY RESPONSE 

Some Type 529 Waveform Monitors will 
show a HF (high frequency) response that 
differs when using the monitor push-pull, 
from that shown when using it single-ended. 
A capacitance unbalance between the "A" 
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and "B" inputs most generally causes this 
unbalance. The unbalance results in a HF 
roll off of approximately 1.3 dB at 4 MHz. 
This effect becomes particularly noticeable 
when using the Type 529 in a balanced mode 
of operation, with the output terminated 
with a 110 or 120-ohm resistor—a practice 
employed by many telephone companies. 
The following three-step procedure will 

correct the unbalance between input "A" 
and input "B" by balancing the emitter-to-
ground capacitance of Q114 ( input "A") 
and Q214 ( input "B"). 

Step 1. From the underside of the Verti-
cal Amplifier and DC Restorer chassis 
locate R119, a 100-ohm potentiometer that 
serves as the X5 Mag Gain adjustment. 
From R119 a bare strap runs to a 2.26 k, 
W, 1% precision resistor in slot 11 of 

the adjacent ceramic strip. There is also 
a red and white wire running to another 
2.26 k, W, 1%, precision resistor in 
slot 9 of this same ceramic strip. Reverse 
these two leads at the ceramic strip. This 
should put the red and white wire at slot 
11 and the bare strap at slot 9. 
Step 2. Remove C133, a 2.8 pF, ceramic 
capacitor, located on the upper side of the 
RESPONSE switch. Re-install it on the 
VERTICAL MAG switch between the 

wiper on the last wafer of the switch and 
ground. Use the switch frame for ground. 
Step 3. Adjust C133 for best common-
mode rejection. You may need to readjust 
C269 for HF compensation. 

EXTERNAL GRATI CULES—RECO M-
MENDED CLEANING METHOD 
We recommend the use of a mild soap, 

warm water (not hot) and gentle rubbing 
with a soft cloth for cleaning our external 
graticules. 
We have employed several methods in-

cluding silk screening, and (only quite 
recently) hot stamping, to imprint the reti-
cules on external graticules. Accurately 
ruled reticules composed of sharply defined, 
consistently thin lines aid greatly in accu-
rately interpreting or measuring the oscillo-
scope display. From this standpoint, there 
is little to choose between the silk screening 
and hot stamping methods. From the stand-
point of visibility however, the hot stamped 
reticule offers a 10-to-1 advantage over 
reticules imprinted by other methods. 
However, both the paint used in silk 

screening and the ink used in hot stamping 
the reticules are soluble in Anstac and other 
solvents. Their use as a cleansing agent will 
remove the reticule from the graticule! To 

be on the safe side, clean all graticules with 
a mild soap and warm water applied with a 
soft cloth and light rubbing action. 

P6015 HIGH-VOLTAGE PROBE — RE-
PLACEMENT OF DIELECTRIC 

Only fluorocarbon 114 should be used 
when replacing the dielectric in a P6015 
High-Voltage Probe. This gas is sold un-
der several trade names all of which include 
the number 114. This number identifies 
the gas with the proper characteristics for 
use in the P6015 Probe. We supply a small 
can of fluorocarbon 114 with each P6015 
Probe and stock additional cans for our 
customers' convenience. Tektronix Part 
Number is 252-0120-00. 

The use of fluorocarbons other than 114 
can involve a hazard. Some fluorocarbons 
are contained under a pressure much higher 
than that required by fluorocarbon 114. 
These higher-pressure fluorocarbons can be 
dangerous during the disassembly of a 
P6015 Probe. By escaping more violently 
than expected, they could damage person-
nel and equipment. 

From the standpoint of toxicity, fluoro-
carbons offer no problem; they are not 
dangerously toxic. 

NEW FIELD MODIFICATION KITS 

TYPE 526 VECTORSCOPE — QUIET 
FAN MOTOR 

This modification installs a lower rpm 
fan motor assembly for a reduction of the 
audible noise experienced from the original 
fan motor assembly. The new assembly 
is a direct replacement except for the addi-
tion of a motor capacitor which requires 
the drilling of two 5/32" holes in the rear 
panel of the Type 526. This modification 
is applicable to Type 526 Vectorscopes, 
sn's 101-909. 
Order from your local Tektronix Field 

Office, Field Engineer, Field Representa-
tive, or Distributor. Specify Tektronix 
Part Number 040-0412-00. 

TYPE RM16 OSCILLOSCOPE — SILI-
CON RECTIFIERS 

This modification replaces the selenium 
rectifiers with silicon rectifiers which offer 
greater reliability and longer life. It is ap-
plicable to Type RM16 Oscilloscopes, sn's 
101-363. Order through your local Tek-
tronix Field Office, Field Engineer, Field 
Representative, or Distributor. Specify Tek-
tronix Part Number 040-0216-00. 

TYPE 262 PROGRAMMER — AUTO-
MATIC SEQUENCER 

This modification supplies an Automatic 
Sequencer for the Type 262 that will scan 

up to eight programs. The Sequencer con-
sists of two etched circuits (a synchronizer 
circuit and a counter circuit) each mounted 
in its own plug-in circuit card. Installation 
is simple because the Type 262 Programmer 
was designed with the automatic sequencer 
feature in mind and provisions made for its 
addition later. To install the modification, 
you need only to plug the circuit cards into 
their respective plug-in receptacles in the 
Type 262. 

Front panel switches, in conjunction with 
the Automatic Sequencer, allow for inter-
rupting the automatic sequence in accord-
ance with pre-established upper and lower 
limits. Any combination of upper, middle 
or lower limits may be used. 

The Automatic Sequencer can be syn-
chronized with data recording devices such 
as printers or card punchers or with vari-
ous test fixtures. 

Both manual push button and external 
control are retained with the Automatic 
Sequencer installed. 

A maximum of three Type 262 Pro-
grammers in series will handle a total of 
24 different measurement programs. With 
an Automatic Sequencer Modification Kit 
installed in each programmer the entire 
24 measurement programs can be auto-
matically scanned. The measurement rate 
can be synchronized with auxiliary equip-
ment or determined by the Type 567 and 
Type 262. 

In the synchronized mode of operation, 
the sum of the Type 6R1 display time and 
the Type 262 display time determines the 
measurement rate—up to eight measure-
ments per second can be made in this mode. 

In the triggered mode of operation, upon 
completion of a measurement the display 
is held until an external completion pulse 
is received. Up to six measurements per 
second can be made in this mode. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa-
tive or Distributor. Specify Tektronix Part 
Number 040-0331-00. 

TYPE 180 TIME MARK GENERATOR 
AND TYPE 536 OSCILLOSCOPE — 
SILICON RECTIFIERS 

Two Field Modification Kits, one for 
each of the above instruments, replace 
silenium rectifiers with silicon rectifiers. 
The silicon rectifiers offer greater stability 
and longer life. 

Order through your local Tektronix Field 
Office, Field Engineer, Fieid Representa-
tive or Distributor. Specify, for: 

TYPE 

180A 

536 

PART NUMBER 

040-C214-00 

040-C215-00 
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USED INSTRUMENTS WANTED 

1—Type 502 or 502A Oscilloscope or a Type 
561A Oscilloscope with a Type 2A63 Differen-
tial Plug-In Unit and a Type 2B67 Time-Base 
Plug-In Unit. Contact Richard Wilder, Wilder 
Engineering Products, 1253 Diversay Parkway, 
Chicago, Illinois 60614. Telephone 312-DI8-6060. 

1—Type 516 Dual-Beam Oscilloscope. Contact 
Carl Frederickson, Moline Tool Company, 102 
20th Street, Moline, Illinois. Telephone: 309-
764-2418. 

1—Type 530 or Type 540 Series Oscilloscope, 
preferably with a Type CA Dual-Trace Plug-In 
Unit. 1—Type 575 Transistor Curve Tracér. 
Contact EFP Electronics, P. O. Box 8228, Salt 
Lake City, Utah, 84108. 

1—Type 524D or Type 524AD Television Oscil-
loscope. Contact R. L. Goodman, c/o Clarke-
Dunbar, 325 Jackson Street, Alexandria, Louisi-
ana. Telephone: 318-443-7306. 

Am interested in acquiring the following used 
Tektronix instruments: 1—Type 502, and 1— 
Type 502A Dual-Beam Oscilloscope; 1—Type 
516 Dual-Trace Oscilloscope; 1—Type 561 or 
Type 561A Oscilloscope with Type 3A72 Dual-
Trace and a Type 2B67 Time-Base Plug-In Unit; 
and 1—Type 531 or Type 531A Oscilloscope 
with a Type CA Dual-Trace Plug-In Unit. Con-
tact Robert Dudley, President, Electrol, Inc., 
209-15 Butler Street, York, Pennsylvania. 

1—Type 503 or Type 504 Oscilloscope for use in 
our lab. Contact D. E. Rupple, Durham Col-
lege of Electronics, 1900 Austin, Houston, 
Texas. Telephone: CA 7-0181. 

1—Type 317 and 1—Type 515 Oscilloscopes. 
Contact Gerald McGinnis, 11559 South Kil-
bourn, Alsip, Illinois 60658. Telephone 312-
388-6793. 

1—Type 575, MOD 122C Transistor Curve Trac-
er. Instrument must be in good condition and 
reasonably priced. Contact Mr. Richardson, 
NJE Corporation, 20 Boright Avenue, Kenil-
worth, New Jersey. Telephone: 212-272-6000. 

1—Type 545A or 1—Type 545B Oscilloscope and 
1—Type CA Dual-Trace Plug-In Unit. Please 
contact John Grimes, Orion Research, Inc., 11 
Blackstone Street, Cambridge, Massachusetts 
02139. Telephone: 617-864-5400, ext. 65. 

1—Type 561A Oscilloscope, 1—Type 3A1 Plug-
In Unit, and 1—Type 3A6 or Type 3B4 Plug-In 
Unit. Contact Neil Scott, 5618 Via del Callado, 
Torrance, California. Telephone: 213-378-4807. 

Am interested in a used oscilloscope in good 
condition. Instrument must be one of the fol-
lowing Types: 317, 531, 531A, or 516. Con-
tact Bill Skremsky, Nuclear Chicago Corpora-
tion. Telephone: 312-827-4456. 

USED INSTRUMENTS FOR SALE 

3—Type 315D Oscilloscopes, sn's 1161, 1504, and 
1932. 25—Type 512 Oscilloscopes, sn's 1133, 
1400, 1411, 1417, 1418, 1428, 1433, 1937, 1939, 
1941, 1942, 2101, 2569, 2570, 2599, 2607, 2608, 
2676, 2677, 2678, 2685, 2687, 2756, 2957, and 
3406. 6—Type 514AD Oscilloscopes, sn's 4817, 

's 
INSTRUMENTS 

Following are the instruments reported to 
us in the past 60 days as lost or presumed 
stolen. With each instrument (or group of 
instruments) we list their legal owner. Should 
you have any information on the present 

5027, 5081, 5831, 5832, and 5467. Individual 
and/or lot bids are invited on these oscillo-
scopes. All are in working condition but may 
require calibration. Contact C. Cooper, Univac, 
311 Turner Street, Utica, New York. Telephone: 
787-3100. 

1—Type 315D Oscilloscope with viewing hood 
and 10X probe. Contact E. Barat, 4132 Walnut 
Avenue, North Long Beach, California. Tele-
phone: GA6-4313. 

1—Type CA Dual-Trace Plug-In Unit. Asking 
price: $150.00. Contact A. P. VanMeter, 9500 
West Reno, Oklahoma City, Oklahoma. Tele-
phone: 405-SU9-1220, ext. 255. 

1—Type 181 Time-Mark Generator, an 6309, in 
good condition. Contact Peter Voelker, General 
Instrument Corporation, 96 Mill Street, Woon-
socket, Rhode Island. 

4—Type RM16 Oscilloscopes with grey painted 
front panels—never used—still packed in origi-
nal cartons. Contact E. B. O'Connell, Purchas-
ing Supervisor, Mincom, 3800 South Lewis Road, 
Camarillo, California 93010. Telephone 805-482-
1911. 

1—Type 503 Oscilloscope, sn 4198, with probes. 
Guaranteed in perfect condition, low hours. 
Contact Willis Duff, KLAC, 5828 Wilshire 
Boulevard, Los Angeles 36, California. Tele-
phone: 213-937-0110; after 6 p.m. 213-663-8894. 

4—Type 122 Low Level Preamplifiers, and 1— 
Type RM125 Power Supply. Contact Philip 
Godley, Improved Machinery, 150 Burke Street, 
Nashua, New Hampshire. 

The Pacific Combustion Engine Company, 5272 
East Valley Boulevard, Los Angeles, California, 
offers the following Tektronix instruments for 
sale: 

Type 
513D 
514AD 
531 
531 
531 
533 
541 
541A 
54IA 

OSCILLOSCOPES 
Serial Number 

1745 
4916 
148 
739 
9115 
1381 
7254 
020372 
020575 

PLUG-IN UNITS 

N • (Sampling Unit) 
S (Diode Recovery) 
53B 
53/54C (Dual-Trace) 
53/54K 
53/54K 

013565 
000173 
00511 
743 
14182 
6437 
8532 

SQUAREWAVE GENERATORS 
105 1773 
105 4500 
105 4916 

For additional information on this equipment, 
please contact Henry Rosner at the above ad-
dress or telephone him at 1-213-225-6191. 

1—Type 81 Plug-In Adapter, sn 005795, for Type 
580 Series Oscilloscopes. Adapts these instru-
ments to use Letter-Series Plug-In Units. Price: 
$110.00. 1—Type CA Dual-Trace Plug-In Unit, 
sn 013443. Price: $175.00. Both instruments 

whereabouts of any of these instruments, or 
if you have information that might lead to 
their eventual recovery, please contact the 
individual or firm listed as the owner. If 
you prefer, you may relay your information 
to your local Tektronix Field Office, Field En-
gineer or Field Representative. Or, The Edi-
tor, Service Scope, Tektronix, Inc., P. 0. Box 
500, Beaverton, Oregon 97005. Telephone: 503-
644-0161. 

1—Type 561A Oscilloscope, an 9566, with a 
Type 3576, sn 1077, Dual-Trace Sampling Unit 
and a Type 3T77 Sampling Sweep Unit, sn 
1123. These instruments were under lease to 
Viking Industries, Inc., from the U.S. Leas-
ing Company. They disappeared from Vik-
ing's new facility at 21001 Nordhoff in Chats-
worth, California, some time between the mid-
dle of August and early October of last year. 
Information regarding these instruments should 
be relayed to Robert Shirley, Controller, Vik-
ing Industries, Inc., 21343 Roscoe Boulevard, 
Canoga Park, California; or U.S. Leasing Com-
pany, 633 Battery Street, San Francisco, Cali-
fornia. 

The following Tektronix. Inc. instruments 
disappeared from the Chevron Research Com-
pany laboratory on January 26 or 27, 1966. 

are in like-new condition. Contact Jay Lubkin, 
Lubkin Associates, Inc., 33 Lewis Lane, Port 
Washington, New York. Telephone: 516-767-
6917. 

1—Type 564 Storage Ocilloscope, sn 002481, 
1—Type 3A3 Dual-Trace Differential Plug-In 
Unit, sn 000529, 1—Type 2B67 Time Base Plug-In 
Unit, an 013320, 1—Type 3A74 Four-Trace Plug-
In Unit, an 000122. Contact: Walt McAbel, Tek-
tronix, Inc., 16920 Sherman Way, Van Nuys, 
California 91406. Telephone: 213-987-2600. 

1—Type 310A Oscilloscope, sn 013390, with fan 
base. Equipment in good condition. Price: 
$375.00. Contact: P. Connors, 305 Yale Road, 
Haddonfield, New Jersey. Telephone: 1-609— 
HA 8-4692. 

1—Type 321 Oscilloscope. Price: $600.00. Con-
tact: C. Barfield, 6136 Fulton Avenue, Van Nuys, 
California 91401. 

1—Type 511A Oscilloscope, sn 3577 in good to 
excellent condition. Completely gone over in 
March, 1965. Includes Instruction Manual, scope 
cart, 10:1 probe and line cord. Price: $295.00. 
1—Type 511AD Oscilloscope (delayed sweep), 
an 2936 in good to excellent condition. Com-
pletely gone over in August, 1965. Includes 
Instruction Manual, scope cart, 10:1 probe and 
line cord. Price: $315.00. Contact: R. S. Kretz-
mer, Electronaire, 255 Weir Street, Glastonbury, 
Connecticut 06033. Telephone: 203-633-4017. 

1—Type 532 Oscilloscope, sn 007100, with cart. 
Instrument is in best of condition. Will accept 
best offer. Contact: J. A. Ruthven, Astraglas 
Company, 3001 South Kilson Drive, Santa Ana, 
California. Telephone: 540-0300. 
2—Type 525 Television Waveform Monitors, sn's 
400 and 780. Contact: Frank Laughlin, WGEM-
TV, Quincy, Illinois. Telephone: 217-222-6840. 

1—Type 564 Storage Oscilloscope, sn 1333, 1— 
Type 3A1 Dual-Trace Plug-In Unit, an 4539, 1— 
Type 3B3 Time Base Unit, sn 1325. All instru-
ments purchased new in December, 1963 and 
are in excellent condition. Price: $ 1495.00. Con-
tact Joe Mehaffee, 6835 Sunnybrook Lane, N.E., 
Atlanta, Georgia 30328. Telephone: BL5-5362. 

1—Type 315D Oscilloscope, sn 2127. Price: 
$250.00 or best offer. Contact: Harvey Dodson, 
Redcor Corporation, 7760 Deering, Canoga Park, 
California 91304. Telephone: 213--348-5892. 

2—Type P Fast-Rise Test Plug-In Unit, sn's 
1965 and 1976. Contact: E. L. Mekeal, Radio 
Shop—SFES Bldg. 15, United Air Lines Main-
tenance Center, Airport Boulevard, San Bruno, 
California. 

FOR SALE OR TRADE 

1—Type 527, sn 166, will sell or trade for a 
RM527. Contact Frank Laughlin, WGEM-TV, 
Quincy, Illinois. Telephone: 217-222-6840. 

1— Type 0 Operational Amplifier Unit, 1—Type 
132 Plug-In Unit Power Supply. Instruments 
have seen only 25 or 30 hours of use. Both are 
in good condition. Will sell or trade on a Type 
564 Storage Oscilloscope. Contact Dr. E. Neil 
Moore, University of Pennsylvania, Comparative 
Cardiovascular Studies Unit, Philadelphia, Penn-
sylvania 19104. Telephone: 215-594-8585. 

1— Type RM35A Oscilloscope, sn 3739; 
565 Oscilloscope, sn 00393; 1—Type L20-U30 
Spectrum Analyzer Plug-In Unit, sn 1253. Also, 
the following Plug-In Amplifier Units: 1—Type 
CA, an 66170; 2—Type 3A1, sn's 2607 and 2603; 
2—Type 2A61, sn's 485 and 1165; 1—Type 2A63, 
an 2960. Contact: S. A. Sie, Chevron Research 
Company, Imperial Highway and Highway 39, 
La Habra, California. Telephone: 213-691-2241, 
ext. 461. 

1—Type 310 Oscilloscope, sn 1196. Contact 
Prof. H. Edgerton, Massachusetts Institute of 
Technology, Dept. of Electrical Engineering, 
77 Massachusetts Avenue, Strobe Laboratory, 
Room 4-405, Cambridge, Massachusetts 02139. 
Telephone: 617-864-6900, ext. 4692. 

1—Type 3B4 Time Base Unit, sn 792. Contact 
Mr. Dan Smythe, Massachusetts Institute of 
Technology, Department of Electrical Engi-
neering, 77 Massachusetts Avenue, Room 13-
3017, Cambridge, Massachusetts 02139. Tele-
phone: 617-864-6900, ext. 6858. 

1—Type 503 Oscilloscope, an 004389. Purchased 
new in October, 1964. This instrument believed 
stolen. Contact: Prof. I. Feerst, Physics De-
partment. Adelphi University, Garden City, 
New York. Telephone: 516-747-2200. 
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