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SIMPLIFYING

TRANSISTOR LINEAR-AMPLIFIER ANALYSIS

By Larry Reierson, Instructor, Tektronix Product-Manufacturing Training
Department, in collaboration with Ron Olson, Design Engineer, Tektronix
Instrument Engineering Department

The complicated characteristic-family parameters for transistors are more use-
ful for design purposes than for analysis. The best analytical tool is one that pro-
vides a means of quickly doing an adequate job of circuit analysis for trouble-
shooting or evaluation purposes. This article suggests such a tool.

When a person thinks of a transistor am-
plifier, he usually thinks of a transistor in
a circuit, behaving in some manner that de-
pends on a set of measurements that have
been made on the device. These measure-
ments may be called h-parameter, r-parame-
ter, or any of many other characteristic
families. Each has its advantages, but they
all have common disadvantages to the tech-
nician. They are complicated in nature
and involve numerous variables. They are
a means of measuring a transistor’s chara-
teristics, but say little about the circuit which
uses that transistor. Published parameters
are very general and, for a given type,
will vary widely from one unit to another.

Designers have these variations in mind

when they design a linear amplifier circuit.

and some type of feedback is usually em-
ployed in order to make the circuit as inde-
pendent of the transistor characteristics as is
practical. Transistor parameters may vary
50% or more without appreciably altering
the gain or linearity of a well designed
amplifier.

As we will show later transistor parame-
ters are more useful as a guide by which to
judge the relative merits of one transistor
against another than as an analytical tool.
They also give the student of solid state
theory some measurable quantities to iden-
tify, in order to grasp some of the more
difficult concepts involved in semiconductor
action.
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The parameter families are more useful
for design purposes than for analysis. The
best analytical tool provides a means of
quickly doing an adequate job of circuit
analysis for trouble-shooting or evaluation
purposes.

The approach we are about to present elim-
inates the use af published data, except for
Beta. This by no means implies that the
other parameters are not useful. It does say,
however that it isn't necessary to apply all
you know about transistors to get a general
understanding of how an amplifier works.
Anyone with a basic knowledge of transistor
characteristics and of Ohm’s law, will have
no trouble applying this approach to transis-
tor amplifiers.

Keep in mind that our approach is very
general and is not intended for use where
extreme accuracy is desired. You can
expect an accuracy that varies no more than
10 to 20 percent from the true circuit
values—depending upon how familiar you
are with the transistor being used.

If a transistor is considered to be two PN
junctions connected together, and if we then
consider only the junction formed between
emitter and base, we find that the E-I plot
of that junction is roughly that shown in
Figure 1. Line 1 on the graph is the plot
of the Base-to-Emitter Voltage -vs- Base
Current, and line 2 is the plot of Base-to-
Emitter Voltage -vs- Emitter Current. If
the slopes of the curves are measured at a
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Figure 1 — Voltage -vs- current graph of the

Base-to-emitter characteristics of a transistor,
Line 1 is the plot of base current (lv) -vs-
Base-to-emitter voltage (Vie). Line 2 is the
plot of emitter current (le} -vs- Base-to-emitter
voltage (Vu:). Point “A" indicates a typical
operating point on the characteristic. With
a common Vi., the ratio of I, to I, at point
A" is: lof/l = B + 1. Point “B'" indicates
the point at which the transistor goes into
saturation. The area between Vi, = Ov and
Vi« sat is the dynamic operating range of the
device. The resistance represented by line 2
at any given point is approximately 0.026/l..
The resistance represented by line 1 at any
given point is approximately 0.026/l.. Lline
2 represents the resistance 1/gm and line 1
represents 1/gm (B -+ 1).
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common point in voltage (Point “A”) there
will be a considerable difference in the two.
The slope of these curves is actually a plot
of the dynamic resistance of the junction.
The resistance shown by line 1 is approxi-
mately (3+1) times that shown by line 2
for any point on the curve hetween the
origin and point “g”. If we can hy some
means determine the value of resistance
represented hy one line, and if we know 3,
then we can find the resistance represented
by the other line.

The slope of line 2 at any point between
the origin and point “B” is approximately
equal to:

0.026

b
selected. (The value 0.026/1. is justified in
the basic physics of the device, and no
further explanation is offered.)

To simplify the powers of ten involved,
remember that the resistance shown by line

where I. is the DC current at the point

2 is:
26
I. expressed in ma.
26
(If I. = 10ma, then r (11ne 2) 0

26Q)

Now consider what this has to do with
transistor circuits. Note that the slope of
line 2 on the graph is:

(For a transistor in a commion base con-
figuration the slope represents:

AL
Al

which is input resistance.)

Assuming the transistor has a very high
B, the input current (Ale) will be approxi-
mately equal to the output current (Alc).

AEn
A lout

AEn |
In vacuum tube theory, = is called

out

1/gm, so lets’s just call the resistance repre-
sented by line 2 of Figure 1 by the same
name — 1/gm.

All we've said so far is that the impedance
looking into the emitter of a transistor is
approximately equal to 1/gm of the device,
and can be calculated by:

s

gm
26

DC value of emitter current in ma.

In series with 1/gm is a small resistance,
Ren, that is made up of the ohmic resistance
of the leads and the semiconductor material.
Rer usually amounts to ahout 2@ to 5.
(For power trausistors the value of Rgp may
be as low as a few tenths of an ohm, while
some special purpose and low performance
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Figure 2 — Schematic equivalent of the emitter
cireuit of a transistor. 1/gm is the dynamic
resistance of the junction due to carrier action

types may have Rer's as large as 25 Q. The
value of 292 to 59 fits most modern, high-
performance, transistors.)
For very low values of I., Res can be neg-
lected since 1/gm will be farly high. How-
ever, if the transistor is operating at several
ma of emitter current, Rur hecomes an
appreciable part of the total resistance from
emitter to base, and must be added to 1/gm.

Figure 2 shows what the transistor looks
like hetween emitter and base. The sum of
Res + 1/gm is an operating characteristic of
the device we shall call “iransresistance”.
The notation for transresisance is ri..

An example of the applicadion of this idea
to circuit analysis can be secen by referring
to the diagram in Figure 3 (a).

medium-power

Assume the DC operating poini has been
solved for.

Since the driving voltage is on the hase,
the drive will be impressed w#cross the trans-
resistance of the device. Now, if we ignore
the small error due to base aurrent, (assume

i i.) we have the relationship:
(1) Vin o Vout
Ter I\’l..

From the relationship in (1) we obtain:

Vout Re

2) A =
Vin Ter

The equivalent of the circnit in Figure 3
(a) is shown in Figure 3 (b).

For degenerative circuits. such as that
shown in Figure 3 (c¢), the input voltage is
developed across the transresistance and R.
in series. (The equivalent of the degenera-
tive circuit is shown in Figu-e 3 (d).) The
formula for voltage gain in this circuit is:

Re
Tir + R.

\When Re is large with respect to r., the
gain is simply :

3) A =

T S gt line 2] closeld A DDToNis and Res is the DC resistance in the leads and Ry
len fwe cyn say, ikt link o ClOSCy APPro: ohmic contacts of the leads within the tran- 4) A. —_—
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Figure 3 — (a) Common emitter voltage amplifier showing location of input and output terminals. (b) Equivalent circuit of 3{a) shows vi,
impressed acorss ri.. That voltage causes current through R. that is approximately equal to the current through ri.. Hence: vou/Vn == Ay =

R./rir. {¢) Common emitter amplifier using degeneration in the emitter.

signal path. Voltage gain for this current: Ay == R./n. -+ Re.

(d) Equivalent circuit of 3(¢) showing R, in series with ri, in the
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The above approach works very well for
any configuration of amplifier, whether com-
mon base, common emitter or common col-
lector. It also applies very well to paraphase
and push-pull amplifiers, as long as the
concept of transresistance is used to repre-
sent the resistance seen when looking into
the emitter of the transistor. Of course the
approach must be modified and added to, if
it is to be applied at or near the frequency
limits of the amplifier. Those modifications
are beyond the intent of this writing and
will be saved for a later discussion.

cc

out

Figure 4 — Amplifier vsed as an example of
the application of transresistance compared to
h-parameters. The DC operating point is as-
sumed to be set at lo = 5ma; Vo = 2.5v.
The transistor is a 2N2475,

An example of how the foregoing method
can be applied to amplifier analysis and how
it compares to the h-parameter approach fol-
lows:

Figure 4 is a common emitter amplifier
that uses a 2N2475 transistor. Table 1 gives
the h-parameters for the transistor as meas-
ured on a Tektronix Type 575 Transistor
Curve-Tracer.

TYPE 2N2475 TRANSISTOR
Ia 5 ma
Vca 2.5 ma
hyy 1obk
ho 1x107"
Pee 180
h, 300 pv
Table 1 — List of the h-parameters for the

Type 2N2475 transistor at le = 5 ma; Ve, —
2.5v.,

In this example we will determine voltage
gain (A.) and input resistance (ri.) using
both the h-parameter method and the ap-
proach just described.

The solution using h-parameter follows:

hie Re

(S) A" - A heRL + hie

A he is defined as:

(6) A he = (hie) (hoe) - (hre) (hfe)
For the parameter in this example:
Ahe = (1.4) (103Q) (3) (10-*mho) -

(180) (10-%)
= 0.42 - 0.018
= 0.402
Inserting circuit values in equation (5)
yields :
(180) (1009)
(0.402) (100 2) + 1400 o

=125

Ay =

To find the input resistance:

hie + A h. Re

7) e = et AR R
(7 T F hoe Re

Putting in circuit values:

14002 + (0.402) (100%)
1 4+ (3) (10~4mho) (100 £2)

= 1.4kQ

Tin —

Now let us solve for the same quantities
using transresistance.

As we have shown:
(8) ree = 1/gm + Res
and:

26

I. in ma.

(9) 1/gm =
Rze is typically 2Q to 5Q for this type of
transistor. For this example we will use
R}:B = 39
Therefore, for this circuit:

2
5

— 82Q

T'er —

6 |30
ma

From equation 2:

A, =

Ttr

For this example:

100 @
820

= 122

A, =

To find input resistance using transre-
sistance it must first be shown that any im-
pedance that appears in the emitter of a
transistor will be seen as that impedance
multiplied by (3 +1) when measured from

the base. Transresistance appears in the
emitter of the transistor—therefore:

(10) rin = rer (,3 +1)
For this example:
rim = (82Q) (181)
= 1.4kQ

Comparing the two approaches we see
that h-parameters give us:

A, = 125
rim = lL4kQ

and the transresistance approach yields:

Ay = 122
1.48 k2

Tin

As this shows, the results are very nearly
the same regardless of the method used.
The advantage of the transresistance meth-
od is that it didn’t require the use of a set
of parameters. Instead it was necessary only
to know the beta of the transistor and to
make one calculation. If Res had been as-
sumed to be either of the two extreme
values, the results would have still been
within 20% of the answer given by h-pa-
rameters.

If we now take the same transistor and
place it in a circuit such as the one in Figure
5, the voltage gain will be shown by equation
3

Re

Ay = ———
rtr+Re

If we assume the DC operating point to
be the same as that of the previous example,
the voltage gain will be:

(Figure 5)
100 @
82a 4 5@
= 76
The input resistance to this amplifier is
now :

Ay, =

(1) rie = (Re + 1) (B +1)
(13.2Q) (181)
2.38kQ

Note that the addition of R. would
require modification of the DC levels around
the circuit in order to maintain the same

DC operating point for the transistor.

Figure 5 — Amplifier with the same type
transistor set at the same operating point as
that in Figure 4. This circvit has Re added
to reduce the voltage gain and increase the
input resistance.



TYPE 530/540 SERIES OSCILLOSCOPES—

SIMPLIFIED MAIN SWEEP TRIGGER ADJUSTMENTS

By Sandy Sanford, Field Engineer with Tektronix
Product Information Department.

Signal must penetrate both
levels once each cycle
—y Raset Level

+201.2 v

INPUT GA

(5.2 v) (7) 1l.b v

+200 v

K ve (pin 1) plate voltage with
both grids of VB at (or near)
0.0 volts dc (referenced to
ground),

Trip Level

for TRIGGER SHAPER
MULTI v20

Figure 1. Graphic illustration of the three basic requirements of the trigger system; points a, b and ¢ of this article.

Here is a systematic step-by-step adjust-
ment procedure which will increase the
length of time between necessary recali-
brations of the MAIN SWEEP trigger cir-
cuits. As you work your way through these
adjustments, any defective component or bad
tube will be noticed—making your trouble-
shooting easy.

By using this system you will satisfy
three basic requirements of the trigger
system:

a. Right-hand plate of V8 must not move
up or down when grids of V8 are in-
terchanged by turning the SLOPE
switch.

b. Trip voltage level of the bistable
multivibrator, V20, must be set to a
few millivolts above the plate voltage
of V8 as found above.

c¢. Width of the bistable multi hysteresis
gap (difference in volts between the
“trip” level and the “reset” level)
must be set to about 1.2 volts.

In general, procedure set down here can
be used to adjust similar trigger systems in
many Tektronix oscilloscopes. The specifi-
cations will turn out to be different but the
basic functions performed by each trigger
system will be about the same.

I. Preset the front panel controls as fol-
lows:
A. Sweep TIME/CM — 1 msec
B. STABILITY control — Triggerable
range (free-run less 10 degrees).
C. TRIGGER SLOPE — +4EXT.
D, TRIGGERING MODE — DC.

II. Set TRIGGERING LEVEL:
A, Connect 20,000 ohms/volt meter (first

on 6v range — then on 12v range)
across plates of trigger amplifier, pins
1 and 6 of V8.

B. Turn TRIGGERING LEVEL con-
trol until meter reads “O”.
C: Change SLOPE switch to —EXT.

D. Meter will read up scale or down scale.
(If meter reads down scale, reverse
the leads.)
E. Voltage reading (on 12v range):
1. Turn TRIGGERING LEVEL con-
trol to 14 previous voltage reading.

2. Now, moving from —+EXT to
—EXT should cause no change in
voltage reading.

F. Verify that white dot on TRIGGER-
ING LEVEL knob is opposite the en-
graved Zero on the panel. If not, cor-
rect by loosening knob.

ITI. Check for grid current:

A, With TRIGGER SLOPE +EXT

1. Short EXT TRIGGER INPUT to
ground (use 47-Q resistor).

2. Meter should move less than 100 mv
(0.100).

B. With TRIGGER SLOPE —EXT:
1. Check for grid current as above.
2. Replace tube if grid current is too

high.
IV. INTERNAL TRIGGER DC LEVEL
ADJ:
A. Tie the vertical amplifier input to
ground.

B. Move spot to center of crt with HORI-
ZONTAL POSITION control. Verti-
cally position the spot or trace to the
horizontal center-line of graticule.

C. Set TRIGGER SLOPE to +4INT.

D, Turn INT. TRIG. DC LEVEL AD].
pot until meter indicates voltage ob-
tained in step II, E, 2.

Note: Shifting from 4INT to —INT
to +EXT to —EXT should cause no
change in meter voltage reading.

V. TRIGGER LEVEL CENTERING:

A. Turn TRIGGER SENSITIVITY pot
to mid-range,

B. Turn TRIGGER LEVEL CENTER-
ING pot:

1. Clockwise to reset the Schmitt cir-
cuit (V20).

2. Slowly counter-clockwise till Schmitt
circuit has just triggered (this is
indicated by one stroke of the sweep
generator).

C. If more than one stroke occurs, or if
the Schmitt circuit triggers for both
clockwise and countér-clockwise rota-
tion of the TRIGGER LEVEL CEN-
TERING POT, turn the TRIGGER
SENSITIVITY pot 15° or 20°
counter-clockwise from mid-range and
recheck TRIGGER LEVEL CEN-
TERING. The Schmitt circuit tube
may need to be replaced.

D, Remove meter leads.

VI. TRIGGER SENSITIVITY:

A, Connect 200 mv calibrator square wave
to VERTICAL INPUT and to EXT
TRIGGER input.

B. Set vertical VOLTS/CM switch for
a 2cm display.

C. Reduce ac input (ascilloscope’s line
voltage) to 105 volts—or to a line
voltage which just keeps all regulated
power supplies functiching.

D. Adjust TRIGGER LEVEL control
slightly ; system should trigger smooth-
ly on 200 mv EXT. Square wave.

E, Check that the trigger system will not
trigger continuously on 100 mv—even
with very careful adjustment of the
TRIGGERING LEVEL control.
Note: If oscilloscope triggers on 100
my, turn TRIGGER SENSITIVITY
counterclockwise 15° to 20° and re-
check. Return oscilloscope’s line volt-
age to 117 volts and again check the
TRIGGER circuit for proper opera-
tion.

VII. PRESET STABILITY:

Follow procedure giveh in Instruction
Manual.
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TYPE 526 VECTORSCOPES — QUAD-
RATURE PHASE DRIFT

Some Type 526 Vectorscopes have exhib-
ited quadrature-phase-drift problems. The
seat of the trouble seems to be L264, a 15-
to-27 ph coil in the quadrature phasing cir-
cuit. In some environments this coil will
absorb moisture during the periods the in-
strument is not in operation. The effect of
L264 on the circuit will vary according to
the amount of moisture absorbed and drift
will occur as the heat from the instrument
drives moisture from the coil during periods
of operation.

Installation of a newly-designed moisture-
resistant coil in the 1264 position will help
to correct this difficulty. For Type 526 in-
struments with serial numbers 101 through
511, with the exceptions of numbers 439, 477
and 492, specify Tektronix part number 050-
210. For instruments with serial number
512 and up (and also serial numbers 439,
477 and 492) specify Tektronix part number
114-163. Order the new coil through your
Tektronix Field Engineer or local Field
Office.

TYPE 317 OSCILLOSCOPE — 120
CYCLE RIPPLE

Sometimes a Type 317 Oscilloscope will
exhibit 120 cycles of ripple on the trace
when the VOLTS/DIV switch is in the 10,
20, or 50 mv AC position. This may be due
to a ground loop between C134 (a 500 nfd,
ETM capacitor in the preamplifier circuit)
and ground. Placing a short jumper between
C154 and the front panel reduces the amount
of ripple. By lifting the can of C154 above
ground at its grounding strap and then run-
ning a separate ground from C154 to the
shield of the Vertical Volts/Div switch you
will completely eliminate the problem.

TYPE 545 OSCILLOSCOPE — POWER
SUPPLY REGULATION

Do you have a stubborn problem of 60
cycle ripple in the 100-volt supply of your
Type 545 Oscilloscope yet everything seems
to check out as normal? If you do, try
separating the common cathode and fila-
ment ground of V742, a 6AUG6 tube in the
low voltage power supply. Re-connect the
filament lead to a separate ground lug of
the tube socket. Sometimes, when the cath-
ode and filament of this tube share the
same ground lug, oxidation will occur be-
tween the ground lug and the chassis and
allow the filament to modulate the cathode.

TYPE 502 OSCILLOSCOPE — LOW
FREQUENCY DISTORTION

The recalibration instructions in the Type
502 Instruction Manual, under step 29 (Feed-
back Bal. Adj.), Figure 6-10 shows a
typical low-frequency square-wave distor-
tion. A simple modification will eliminate
this distortion.

The distortion comes from the trigger
pick-off cathode follower tube (V493) in
the Upper and Lower-Beam Vertical am-
plifiers. Being single-ended, V493 produces
a small change in current through the de-
coupling resistors R685 (or R686) when a
signal is applied to the vertical amplifier.
This change in current affects the nominal
+100 volts enough to cause the distortion.

The modification returns the plates of
V493 directly to the 100 volt supply
(rather than through the decoupling net-
work) and eliminates the difficulty.

Here are the instructions for making the
modification:

Note: Follow this same procedure for
both the Upper and Lower Beam Vertical
Amplifiers.

1. Locate the two 1% resistors soldered
to pin 1 of V493, (To make wiring
easier, temporarily unsolder these re-
sistors from pin 1 of V493 and bend
them back cut of the way.)

2. Unsolder the white-brown and the
white-brown-black-brown wires from
pin 5 of V493.

3. Unsolder the bare wire soldered to pin
2 of V493 and cut it off where it con-
nects to pin 6.

4. Solder the two wires unsoldered in
Step 2, to pin 2 of V493.

5. Solder one end of a length of #24
white-brown stranded wire to pin 5 of
V493. Dress it along the underside of
the cable leading to the <100 volt de-
coupling circuit (R685 and C685 or
R686 and C686).

6. Solder the other end of the #24
white-brown stranded wire to the 100
volt supply at the rear of R685 or R686.

7. Resolder the two resistors unsoldered
in Step 1.

8. Correct the schematic in your manual
to conform to the work you have just
done.

9. Refer to your Instruction Manual for
the proper procedure and readjust the
Feedback-Bal-Adj. Disregard Figure
6-10 in the manual.

P6038 DIRECT SAMPLING PROBE —
REPAIR INFORMATION

The probe head of the P6038 Direct
Sampling Probe (specifically designed for
use with the Type 3S3 and 4S3 Sampling
Plug-Ins) contains some rather delicate
parts. These parts are critically arranged
with some tolerances as close as 0.005 inches.
Even the replacement of the diodes must
be done with care and a jeweler’s touch lest
the diode clips be sprung. We suggest that
P6038 probes in need of repair be returned
to the factory via your local Tektronix
Field Office. Here at the factory we have
the necessary alignment jigs and special
techniques to do a quick and efficient re-
pair job.

AN INEXPENSIVE SURPLUS-SOL-
DER REMOVER

Art Baier, Maintenance Technician with
the Tektronix Canada Ltd’s Toronto Serv-
ice Center, offers the following suggestion:
Take a three or four inch length of 14"
Teflon tubing and insert it in an ear syringe.
This combination makes a useful tool for
removing unwanted or excessive solder
from connections and solder holes. It is
particularly useful when replacing com-
ponents on etched circuit boards. The tool
can be used to either suck or blow the un-
wanted solder away from the connection.
The heat resistance of the Teflon tubing is
such that it will not melt from the solder-
ing iron heat.

POTENTIAL CRT PROBLEM

The PME Lab at Ent Air Force Base
in Colorado Springs, Colorado, reports a
potential problem when using other than
Tektronix crt’s in Tektronix instruments.
In the General Atronic’s crt for the Type
545 Oscilloscope, pins 8 and 9 are shorted
internally. If this crt is installed in the
Type 545A Oscilloscope, there is a good
chance of burning up the Astigmatism con-
trol—which they did!

The people at the PME Lab suggested
that a note here in SERVICE SCOPE
might prevent other Air Force Bases from
making a similar mistake.



TYPE 310 AND TYPE 310A OSCILLO-
SCOPES — TRIGGER PROBLEM

If your Type 310 or 310A Oscilloscope
reveals a lack of trigger capability after
about ten minutes of operation, try replacing
C671. This is a 0.01 pfd, 400 v, PT capacitor
in the +300-volt circuit of the low-voltage
supply. When it becomes leaky it can
cause the difficulty described here. The
replacement capacitor should be of the same
value and of Mpylar or Di-Film construc-
tion. The recommended replacement is Tek-
tronix part number 285-511. Order through
your Tektronix Field Engineer or local
Field Office.

TYPE 527 TELEVISION WAVEFORM
MONITOR — APPARENT DOUBLE
TRIGGERING

Rick Ennis, Tektronix Field Engineer
with our Greensboro, North Carolina, Field
Office, calls our attention to a situation in
which a Type 527 will appear to be double
triggering. One of Rick’s customers was
interested in vertical-interval testing. How-
ever, when they attempted to monitor the
signals with the DISPLAY switch in the
VIT position, the Type 527 appeared to be
double-triggering. They could not see the
standard one or two interval test signals.
Instead they noticed either two or four

interval test signals. What they were seeing
was the half-line interlack since the Type
527 was triggering at the field rate. To one
not aware of this situatidn it does appear

that the Type 527 is double-triggering.
Much time cah be wasted trying to correct
the situation. As Rick explained, the
indication was not doubile-triggering but

in effect a meaure of the interlace.

To view the VIT signal you should go to
the TWO FIELD position and set the
MAGNIFIER to X25. This will show a
single vertical-interval test signal.

NEW FIELD MODIFICATION KITS

TYPE 533, TYPE RMS33, TYPE 543,
AND TYPE RMS543 OSCILLOSCOPE—
SILICON RECTIFIER

This modification replaces the selenium
rectifier SR752, used in the V152 heater
supply, with silicon-diode rectifiers. The
new rectifiers offer longer life and greater
reliability. There is a difference in the volt-
age drop across the silicon rectifier and the
selenium rectifier it replaces. To compensate
for this difference a resistor is added in
series with the silicon diodes.

Order through your Tektronix Field
Engineer or local Field Office. Specify
Tektronix part number 040-389. Price:
$4.25

NOTE: You may replace the remaining
selenium rectifiers with silicon rectifiers in
the above instruments by ordering Modifica-
tion Kit 040-240. Price: $38.05

TYPE 81 PLUG-IN ADAPTERS —
GENERAL IMPROVEMENTS

This modification enhances the perform-
ance of the Type 81 Plug-In Adapter by:

1. Improving the transient response.

2. Decoupling power supply
from the plug-in units.

aberrations

3. Eliminating parasitic oscillations in the
Type 581 or Type 585.

4. Eliminating the 75-volt supply oscilla-
tions which occur when using certain
plug-ins.

5. Changing several
Vertical Amplifier.

components in the

6. Adding decoupling to the plug-in power
supplies.
7. Changing two transistor types.
8. Elevating the plug-in filament supply.
9. Increasing the amplitude of the Alternate-
Trace Sync pulse.
The modification applies to Type 81 Plug-
In Adapters with serial number 101 through
4092.

Order through your Tektronix Field Engi-

neer or local Field Office. Specify Tek-
tronix part number 040-371. Price: $20.85

TYPE RM647 OSCILLOSCOPE—RACK-
MOUNT REAR SUPPORT

This modification supplies a rear support
for the Type RM647, making it capable of
withstanding 4G’s of vibration. To com-
plete the installation, the instrument must
be fastened to the front rack rails with the
RELEASE knobs and four screws.

This kit replaces Rackmount Rear Sup-
port Kit part number 016-065.

Please note, if the instrument is mounted
in a backless rack using Relay Rack Cradle
Assembly 040-344; or, if slide-out extensions
are used, the instrument will not meet the
4G-vibration specification.

Order through your Tektronix Field En-
gineer or local Field Office. Specify Tek-
tronix part number 040-394. Price: $10.00

TYPE RMS65 AND TYPE RMS567
OSCILLOSCOPES — RELAY RACK
CRADLE ASSEMBLY

This moditication provides a rear-support
cradle for mounting a Type RMS565 or
Type RMS567 instrument in a backless re-
lay rack on slide-out tracks. The slide-out
track assemblies are not included in the
modification. They must be ordered sepa-
rately as follows:

Instrument Quantity  Part Number
RM565 and 1 pair 351-055
RM567

The slide-out tracks allow an instrument
to be pulled out of the rack like a drawer.
When pulled out, the instrument can be
locked in any one of seven positions: hori-
zontal, or 45°, 90°, or 105° above and below
the horizontal.

The modification kit includes a detailed
drawing giving all dimensions necessary to
design a relay rack to support these instru-
ments.

action continues during

Order through your Tektronix Field Engi-
neer or local Field Office. Specify Tek-
tronix part number 040-346. Price: $12.00

SOME CORRECTIONS
In the April, 1964 SERVICE SCOPE,

the schematic on page 4 qontains an error.

The voltage to which the plate loads of

6DJ8 are returned is showm as 225 volts.

If this were true, the T12G diodes would be

held at about 74 volts and quiescently the
6D]J8 plates would be at abput 205 volts. On

receipt of a trigger large ¢mough to cut off

one half of the 6DJ8, the other plate would

fall to about 185 volts. This would leave
the diode back-biased by more than 100

volts and no signal could feach the trigger
multivibrator. We don’t Telieve the diode
would like it much, either.

The voltage to which the plate loads of

the 6DJ8 should be returped is 100 volts.

Quiescently, then, the plate! will sit at about

80 volts back-biasing the #iode by some S
volts. A trigger signal cah then cause one

plate to fall to nearly 60 yolts allowing up
to a 10-volt signal to reach the multivibrator

—or had you already figifred this out for
yourself ? !

In the October, 1964 SERRVICE SCOPE,
a typographical error occurred twice in the
“Cathode Follower” article. On page 3,

center column, the sentence “Thus electrons

are drawn away from C, more rapidly than

they would if C, were absent”. The first

Co in this sentence should pead C,.

Reading on further (nex| sentence) “The
e plate-voltage
rise of V,—each increase in plate voltage

causing a corresponding rise in voltage at
the tap of Rvr so that electrons can be drawn

rapidly away from C,”. Here, again, Co
should be changed to C,. This is the capaci-

tance which we are interested in changing
terminal voltage on in a short period of time.



Mr. Schoenfield of the R. M. Parsons
Company reports the loss of a Type E Plug-
In Unit, s/n 4497. This presumedly-stolen
instrument disappeared on August 28, 1964.
Mr. Schoenfield would like to hear from
anyone with information on the present
whereabouts of this instrument. The Com-
pany's address is 151 South Delacey Avenue
in Pasadena, California.

A Type 317 Oscilloscope, s/n 1490, was
taken from the car of Mike Drees. Mike's
car was parked in the O’Hare Field Air-
port parking lot in Chicago, Illinois.

Information regarding this oscilloscope
should be forwarded to the Philips Elec-
tronic Instruments Company at 5535 West
Montrose Avenue in Chicago, Illinois.

USED INSTRUMENTS WANTED

Wanted, by a party who wishes to remain
anonymous, Type 513 Oscilloscopes with
serial numbers 980 or above. Persons wish-
ing to offer qualified instruments should
contact Ron Goard, P.O. Box 500, Beaver-
ton, Oregon, who will act as our contact
for this purchase. Mr. Goard's telephone
number is: Area code 503-644-0161, ext.
293,

1 Type 315D or 1 Type 514AD Oscillo-
scope. Contact Bill M. Rosser, 2025 Winter-
ville Road, Athens, Georgia. Telephone:
Area code 404-546-8589.

1 Type 535, Type 541, or Type 545 Oscil-
loscope and a Type CA Plug-In Unit. In-
struments must be in very good condition.
Will pay $600 to $800 for acceptable com-
bination. Contact Robert E. Jones, 2406
Eastern Avenue, Wesleyville, Pennsylvania.
Telephone: Erie, Pennsylvania TW 9-3456.

USED INSTRUMENTS TO TRADE

1 Gertsch Model FM-3 Direct-Reading
V.H.F. Frequency Meter. 20-640 MC,

0.001% accuracy. Will trade for 1 Type
561 A Oscilloscope with a Type 3JA75 Plug-
In Amplifier Unit and a Type 3Bl Time-
Base Plug-In TUnit. Write or call Mr.
Stephan Karpati, National Aeronautical
Corporation, Commerce Drive, Fort Wash-
ington, Pennsylvania. Telephone: MI 6-2900,
Ext. 76.

USED INSTRUMENTS FOR SALE

1 Type 517A Oscilloscope, s/n 1018.
Asking $600. Contact William F. Ward,
605 Raleigh Place, S.E., Washington, D.C.
Telephone 561-8446.

1 Type 502 Oscilloscope, s/n 9341, and 1
Type C-12 Camera, s/n 2665. This equip-
ment is like new. Contact Cabinart Acousti-
cal Dev. Corp, 60 Fifth Avenue, Haw-
thorne, New Jersey. Attn: Mr. Herbstman.
Telephone 201-427-7558.

4 Type 181 Time Mark Generators, s/n's
5612, 5614, 5322, and 5770. Contact C. J.
Chilcote, \Western Scientific Instruments,
122 West Olympic Boulevard, Los Angeles
25, California. Telephone: Area code 213
RI 8-5478. \ill provide certification to
N.B.S.

1 Type RMI15 Oscilloscope, s/n 2672,
equipped with supporting cradles (P/N
426-063). Instrument is in brand new condi-
tion with less than 400 hours use. Price
$750. Contact Mr. E. F. Blair, Chief Engi-
neer, Eastern Specialty Company, 3617 N.
8th Street, Philadelphia, Pennsylvania 19140.

1 Type 503 Oscilloscope, s/n 000141, in

excellent condition. Contact Mitchell J.
Dollmeyer, 20121 - 8th Avenue, N.E,
Seattle, Washington 98155. Telephone:

EMerson 3-8949.

1 Type 511AD Oscilloscope (no serial
number shown). Instrument is in good

condition. Price: $200. Contact Ashley
Television, 5791 Westminister Avenue,
Westminister, California. Attn: James
Salmon.

1 Type 503 Oscilloscope, s/n 1167. Instru-
ment is in like new condition. All latest
modifications have been incorporated. Price:
$500, f.o.b. Berkeley, California. Contact
Ashton Brown, 247 Kenyon Avenue, Kens-
ington, California. Telephone: LA 46153.

1 Type 585 Oscilloscope, s/n 001244, with
a Type 80 Plug-In and P80 Probe. Con-
tact Steve Trewhitt, Pacific Resistor Com-
pany, 2320 Pontius Avenue, West Los

Angeles 64, California. Telephone: Area

code 213 EX 9-2704.

1 Type 545A Oscilloscope, s/n 39634.
10% off—$1395, and 1 Type CA Plug-In
Unit, s/n 62349. 10% off—$234. Both
instruments like new. Contact Bob Cobler,
22141 Londelius, Canoga Park, California.

1 Type 585 Oscilloscope, s/n 002117, with
a Type 80 Plug-In Unit, s/n 002630,
and a P80 Probe. Also available: a Type
81 Plug-In Adapter with a Type 53/54C
Plug-In Unit, s/n 15190 and two P6006
Probes. Contact Vidcor, 730 Centinela Ave-
nue, Inglewood, California.

5 Type H Plug-In Units, s/n’s 1723,
1724, 3038, 3040 and 3041; all in excellent
condition. Contact Bryant Computer Prod-
ucts, 850 Ladd Road, Walled Lake, Michi-
gan. Attn: E. Socall. Telephone: 313-965-
7880.

1 Type 53/54 C Dual-Trace Plug-In Unit,
s/n 20261. Price: $125. 1 Type 561 Oscillo-
scope, s/n 001687, with a round-faced crt.

1 Type 2A60 Plug-In Amplifier Unit, s/n
859. 1 Type 67 Time Base Plug-In Unit,
s/n 3033. 1 Type RMI122 Low-Level
Preamplifier, s/n 3032, and 1 Type 125
Power Amplifier for Type 122 Preamp.
Contact J. M. Edelman, M.D., 4550 North
Boulevard, Baton Rouge, Louisiana. Tele-
phone: Area Code 504-924-6266.

1 Type 535 Oscilloscope, 1 Type 53/54C
Plug-In unit and 2 Type 122 Preamplifiers
(no serial numbers given). Contact Bruce
W. Bryan, Power Plant Supt.,, Compania
Minera de Cananea, S.A. de C.V. Cananea,
Sonora, Mexico.

1 Type 513D, s/n 795, with flat faced crt.
Instrument is in good condition. Contact
Bob Langstroth, 3210 Vicenta Street, San
Francisco 15, California. Telephone: LO
6-0209.

Never-used, 1-month old Type 160 Series
system. Includes: 1 each Type 160 Power
Supply, s/n 8171; 1 each Type 163 Pulse
Generator, s/n 4496; and 2 each Type 163
Waveform Generators, s/n’s 9506 and 9507.
Contact Stan Greenberg, RCA Labs.,, 1000
South Second Street, Harrison, New Jersey.
Telephone: HU 5-3900, Ext. TF354.

1 Type 575 Transistor-Curve Tracer, s/n
6344. Instrument used for less than a year.
Price: $750. Contact Mr. Thorne Perry,
The Stanley Works, New Britain, Con-
necticut. Telephone: BA 5-5111, Ext. 249.



BULK RATE

Service S cope O

Beoverton, Oregon
Permit No. 1

USEFUL INFORMATION FOR

USERS OF TEKTRONIX INSTRUMENTS

Tektronix, Inc.
P. O. Box 500
Beaverton, Oregon

Mr. Ed. Harding
5325 Colfax Ave., S.
Minneapolis, Minn.
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