
USEFUL INFORMATION FOR USERS OF TEKTRONIX INSTRUMENTS 

PRINTED IN U.S.A. JUNE 1957 

A PRACTICAL APPROACH 

TO TRANSISTOR AND 

VACUUM TUBE AMPLIFIERS 

BY F. J. BECKETT 

TEKTRONIX, INC. 

ELECTRONIC INSTRUMENTATION GROUP 

DISPLAY DEVICES DEVELOPMENT 

PART 3 

A DC ANALYSIS OF A TYPIZAL 

TEKTRONIX HYBRID CIRCUIT 

e 
This is tie third in a series of three articles offering a new approach to transistor and 

vacuum-tube amplifiers. This new approach is based on o simple DC analysis that incorp-
orates the concepts of -trans-resistance" and the principles of Thévenin% Theorem. 

In this article, conclusions reached in Part 1, "The Transistor Amplifier" (Service Scope 
#42, February 1967) and Part 2, -The Vacuum Ti-be Amplifier (Service Scope #43, 
April 1967) form . he basis for a DC analysis of a typical Tektronix, Inc. hybrid-amplifier 
circuit. 

Tektronix Instrument Service Centers: There is a fully-equipped and properly- staffed Tektronix Instru-
ment Service Center near you, Ask your Field Engineer about Tektronix lnstrnment Service Centers. 



As a typical example of a Tektronix, Inc 
hybrid circuit on which to demonstrate our 
DC analysis, we have chosen the vertical 
amplifier of a Type 545B Oscilloscope. 
This circuit is representative of the hybrid 
circuit one encounters so often in electronic 
instrumentation today. 

The Type 545B vertical amplifier is a 
hybrid push-pull amplifier operating in a 
class A mode. It incorporates a few extra 
circuits such as trigger pick-off amplifiers 
necessary to accomplish its function, but, 
basically it is a hybrid push-pull amplifier 

To begin our analysis of the amplifier, 
the first thing we must do is select a portion 
of the amplifier circuit which will give us 
the information necessary for us to make 
our first calculation. We are going to 
analyze the whole circuit so we can choose 
our point of entry. The input circuit is as 
good a point as any. Bear in mind that, 
for our purpose, this is not the only point of 
entry. Any point on the circuit which will 
give us useful information would do. 

A quiescent DC voltage of +67 volts is 
the nominal voltage at the output of the 
plug-in amplifiers used in the Type 545B 
oscilloscope. This voltage appears at termi-
nals 1 and 3 of J11 in Figure 17, and thus, 
at the grids of V494A and V494B, a 6DJ8 
dual triode. The input cathode follower 
(V494 A & B) has a bias of about 4 volts; 
therefore, both cathodes will be at +71 volts. 
The base voltage of Q514 and Q524 is then 
fixed at 71 volts. This sets the emitter 
voltages of Q514 and Q524 at one junction 
drop more negative ( they are both NPN 
transistors) than the base. Therefore, the 
voltage at the emitter of Q514 and Q524 is 
70.5 volts. T500 is a small toroidal trans-
former used for high-frequency common-
mode rejection. The DC BALANCE Con-
trol, R495, sets the quiescent condition. We 
mean by this that the trace is centered. 

We have made certain assumptions about 
the bias of a vacuum tube and the base-to-
emitter voltage drop of a transistor. This 
is quite justifiable since we know what 
function the device performs. One helpful 
hint about transistors is that you can expect 
a base-to-emitter voltage drop of about 0.5 
to 0.6 volts for a silicon transistor and 
about 0.2 volts for a germanium transistor. 

Figure 18. The circuit which will determine the DC emitter currents for either Q514 or Q524. ;Al—The 

actual circuit as shown in Figure 17. (B)—The equivalent DC circuit considering 11517 as two resistors through 
which the individual emitter currents will flow. 

We are now able to calculate the emitter 
current of either Q514 or Q524. The DC-
emitter current will flow through R515 or 
R516 and into R517 to ground. Since the 
emitter currents of Q514 and Q524 both 
pass through R517, we may think of R517 
being made up of two resistors, each of 
2.6 kit in value, in which the individual emit-
ter currents will flow, refer to Figure 18: 
Therefore, 

70.5 x 108 
IE (1) or (2) =   mA 

2.627 x 10' 

= 27 mA 

We can now calculate the value of r., the 
dynamic-emitter resistance, 

26 26 
re = 

IE 27 

= 0.96 SI 

to this we can add our constant, R,, of say, 
4 a We recall that: 

therefore: 

Rt = r. + R, (q) 

Rt = 0.96 + 4 r= 4.96 

or approximately 5 ft. We have now estab-
lished the value of the emitter current and 
the value of Rt for Q514 and Q524. 

Our next step is to find the value of RE. 
We must know this value in order to calcu-
late gain. You will recall that RE will be 
that impedance through which the signal 
current will flow to the AC ground. Let 
us take another look at the resistive network 
between the emitters of Q514 and Q524. 
The signal currents flowing in this circuit 
will be equal and opposite at two points, 
refer to Figure 19. These points are virtual 
AC-ground points; therefore, the impedance 
seen by the signal current from the emitters 
of Q514 or Q524 will be the parallel com-
bination of 153 SI and 27n- or approximately 
23 SI to the AC ground points. Hence, RE 
for Q514 or Q524 will be 2312. 

Figure 19. The location of the virtual AC ground 

points between the emitters of 0514 and 0524. 
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We have now calculated from this part of 
the circuit all of the information we need 
to progress further into the circuit. Let us 
turn our attention to the circuit around 
Q513 and Q523. The first thing we notice 
is that the base of Q513 and Q523 are tied 
together at an AC-ground point. You will 
recall that the impedance we see looking 
into the emitter of the common-base con-
figuration is Rt. In order to calculate 
Rt we must, of course, calculate re and add 
our constant for R, of 42; re will be a 
function of the actual value of current flow-
ing into the emitter. 27 milliamps has been 
set in the emitter circuit of Q514 and Q524; 
but not all of this current will flow into the 

Figure 20. The DC current paths in the em ter 

circuit of 0513 or 0523. 

emitter of Q513 and Q523. 11.5 milliamps 
will flow through R510 and R527, refer 
to Figure 20. The actual value of current 
into Q513 or Q523 will be 15.5 milliamps. 
Therefore, the impedance (Rt) we see look-
ing into the emitter of Q513 and Q523 will be 

Rt = re R, (9) 

26 
= —15.5 -I- 42 

= 5.682 

This impedance of 5.68 2 plus R511 or 
R526 (90.9 2) constitutes part of the load 
impedance of the hybrid cascode amplifier 
Q514, V514A or Q524, V514B and the neces-
sary matching impedance for the delay line. 

There is one point we should make clear 
here. We have assumed a value of 411 
for R, which you will recall is equal to 
Rb 
— . R, can vary from between 22 to 

242 depending upon the type of transistor 
(refer to Part 1, "The Transistor Ampli-
fier" SERVICE SCOPE #42, February 
1967). This is one of those few times we 
should be really a bit more specific about 
assuming a value of Ft,. The sum of the 
impedances 5.68 2 and 90.9 11 should be equal 
to 93 2 since our delay line is a 186 2 balanc-
ed line. Therefore, we have a difference of 
3.58 2 between the theoretical value and the 
calculated value, or an error of approxi-
mately 3.7%. This error has been due in 
part to our presupposed value of R, to be 
4 2. Such an error could not be tolerated 
in design work but it is acceptable here for 
our purpose of DC analysis. Bear this limita-
tion in mind when you apply this analysis. 

There is another point we must clear up. 
What is the load impedance of the hybrid 
cascode amplifier Q514, V514A or Q524, 
V514B? Clearly it will be that impedance or 
impedances connected from the plate of 
V514A or V514B to the AC ground. We are 
using a balanced delay line of 186 ez, (93 2 to 
a side), referenced to the AC ground. There-
fore, the delay line impedance ( 93 2) must 
shunt R511 in series with Rt (or R526 in 
series with Rt) making an effective load 
impedance of approximately 47 2 in the plate 
circuit of V514A or V514B. We now have 
all the necessary information to calculate 
the gain to this point. 

A(V) — 
RL(I) RL(2) 

RE(1) RE(2) Rt (1) + RS (S) 

47 ± 47 

23 ± 23 ± 5 + 5 

94 
= — 56 

= 1.68 

Q523 is the trigger pick-off amplifier and 
Q543 is an emitter follower providing isola-
tion between the vertical amplifier and the 
trigger circuits. 

The trigger pick-off amplifier Q523 is 
one part of a transistor cascode amplifier. 
The input stage is Q514 and Q524. Normally, 
the gain of a transistor cascode amplifier is 
the ratio of RL to RE + Rt. The gain in this 
case must be multiplied by 0.5 for the fol-
lowing reason. The signal current is equally 
divided at the plate of V514B, half of the 
signal current will flow through the delay 
line impedance (93 2) and the other half 
through R526 and finally through the load 
impedance of Q523. The load impedance will 
be that impedance which is connected to the 
AC ground. The collector of Q523 is con-
nected to the base of Q543. The impedance 
we see looking into the base of Q543 is 

R,. = p (R. + Rt) (10) 

If we choose to neglect the input circuit 
of the trigger amplifier we see that RE in 
this case is R547 6.5 k52. A beta of 50 is a 
close figure to use for Q543, and since RE 
>> 12, then, 

Rin = p RE 

= 50 X 6500 

= 325 kS/ 

This impedance shunts R544 ( 75 k2) and 
L528 a 1.5 k12 wire-wound resistor. We may 
then, for all practical purposes, consider 
L528 the collector load resistance (RL); 
therefore, 

Ate> = 0.5 [ RL ]REM ± REM + Rt(l) ± Rt(2) 

=0 1500 .5   
[23 -± 23 + 5 + 

= 13.3 

Q534 is the beam-indicator amplifier. Its 
function is to drive two neon lamps situated 
above the CRT on the front panel of the 
oscilloscope. These neons indicate the posi-
tion of the trace in a vertical direction. In 
the quiescent condition the voltage at the 
junction of R535 and R536 is 287 volts. Both 
indicator neons, B538 and B539, have 62 
volts across them, not enough voltage to 
strike either neon. ( This type of neon has a 
striking voltage in excess of 68 volts.) 

4 



When we apply a negative signal to the 
vertical input of the oscilloscope, the base of 
Q524 is driven negative and the base of 
Q514 moves in a positive direction by a 
similar amount. Therefore, the current 
through R530 decreases and the current 
through R507 increases. The voltage at the 
emitter of Q534 increases and the voltage at 
the base of Q534 decreases. As a result, the 
base-to-emitter junction of Q534 becomes 
reverse biased and Q534 ceases to conduct. 

Therefore, the voltage at the junction of 
R535 and R536 rises towards 350 volts 
striking neon B539 which indicates trace 
has shifted down. 

R513 and R523 and the DC SHIFT con-
trol R502 are thermal-compensation net-
works. The thermal time constants are long 
and the visible result appears on the CRT 
display as a DC shift in trace position 
after a step function. The DC SHIFT con-
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Figure 21. Illustrating the use of Thévenin's Theorem to simplify a network consisting of a voltage source 
and a resistive network. (A)-The network whose Thévenin equivalent is to be determined. (B)-Determin-
ing the equivalent source impedance (Zth) and the equivalent voltage source (Vi,). (C)-The Thévenin 
equivalent network of (A) connected to the ¡ unction of R574 and R576. (D)-The equivalent circuit con-

sidering Zth as two resistors through which the individual emitter currents will flow. 

trol is adjusted for the best dynamic thermal 
compensation, typically about 1% tilt. 

We will now analyze the output circuits 
to the right of the delay line, refer to Figure 
17. The first thing we must do is to cal-
culate the voltage at the base of Q594 or 
Q584. The voltage at the junction of R532 
and R533 ( 174 volts) will set the base volt-
age of Q513 and Q523. Assuming a junction 
drop of 0.5 volt the voltage at the emitter of 
Q513 and Q523 will be 173.5 volts. The cur-
rent through R511 and R526 is 27 milliamps, 
hence the voltage drop across these resistors 
will be 

90.9 X 27 

1000 

2.5 volts 

therefore, the voltage at the plate of V514A 
and V514B is 

173.5 - 2.5 = 171 volts. 

This 171 volts is directly coupled to the base 
of Q594 and Q584 via the delay line. The 
voltage at the emitter of both Q594 and Q584 
is then 170.5 volts. We will now calculate 
the current flowing into the emitter of Q594 
or Q584. Figure 21 shows a step-by-step 
approach in solving this problem. The sim-
plest approach is to use Thévenin's Theorem 
to simplify the resistive network R569, R570, 
R571 and R572. The result is we have a 
Vee of +100 volts and a Zth of 90012 to 
the junction of R574 and R576. Therefore, 
looking from the emitter of either Q594 or 
Q584 we see an impedance of 13.3 SI in series 
with 1800U to +100 volts. 

(170.5 - 100)10' 
IE -  mA 

1.8 X 10' 

70.5 
=-

1.8 

= 39 mA 

we now calculate re 

26 26 
= 
IE 39 

0.7 SI 

and to this we add our constant R, of 4 St ; 
therefore, 

R = re + R, 

= 0.7 + 4.0 

= 4.7 St's 

(9) 
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We have only one point in this circuit (a 
virtual AC ground point) at which the sig-
nal currents will be equal and opposite. That 
point is the junction of R574 and R576 
(13.32 resistors). This fact sets RE at 
13.3 a The purpose of the RC network to 
the right of R574, R576 is to compensate the 
high frequencies. 

The input impedance we see looking into 
the base of Q594 or Q584 is 

Rin (RE -I- Re) (10) 

A beta of 75 for this type of transistor is 
a close figure to use for practical purposes. 

Therefore, 

= 75 ( 13.3 + 4.7) it's 

=-- 1350 SI 

The value of R1,, is part of a resistive net-
work which will terminate the delay line in 
its correct impedance. Therefore, before we 
leave this section we must check to see if our 

Figure 22. Illustrating a step-by-step approach for analyzing the circuit between the output of the delay 

line and the base of 0594 or 0584. (A)—The circuit between the output of the delay line and the base 

of 0594 or 0584. (8)—The net impedance of the circuit in (A) to the AC ground between the output of 

the delay line and the base of 0594 or 0584. (C)—The input impedance into 0594 or 0584 and the net 

impedance, as shown in ( B), providing the terminating impedance for the delay line. 

value of R1,, is within practical limits. Figure 
22 shows a progressive breakdown of this 
network. 

This network will induce a loss between 
the two stages. The signal is reduced in 
amplitude by a factor of 0.64 because of the 
voltage divider network consisting of 57.6 12 
and the parallel combination of 100 it, 
2800 it, and the input impedance into Q594 or 
Q584. 

The gain of the output stage is 

-[ RL(1) RL(2)  
KEW KE(2) e-t(1) n 

1100 + 1100 

13.3 + 13.3 ± 4.7 ± 4.7 

[2200] 

36 

= 61 n 

You recall that the gain equation of a 
hydrid cascode amplifier ( refer part 2, "The 
Vacuum Tube Amplifier," Service Scope 
#43, April 1967) must be multiplied by the 
plate efficiency factor ( n) if the vacuum 
tube is not a triode. The plate efficiency 
factor (n) normally varies from between 0.7 
to 0.9. In this case (n) is approximately 
0.9 - 0.88 to be exact. So finally, 

= 61 X —9 
10 

= 54.9 

The gain of the complete Type 545B 
vertical amplifier is 

A(y) (total) = 54.9 X 1.68 X 0.64 

= 59 

uminary 

This brings to a close this series of three 
articles dealing with a practical approach 
to transistor and vacuum-tube amplifiers. 
This approach has been offered as a direct 
method of trouble shooting and understand-
ing circuits. There are limitations as to its 
application as we have seen. However, these 
limitations do not impair the practical 
approach we must apply to our everyday 
maintenance and trouble shooting problems. 

6 



USED INSTRUMENTS FOR SALE 

1-Type 502A Dual-Beam Oscilloscope, sn 24036. 
Less than 5 hours actual time. Due to a change 
in our requirements, we will sell this instru-
ment for $900.00 or trade for a Type 321A. Con-
tact: Mr. Payne, Payne Engineering Company, 
Charleston, West Virginia 25314. Telephone: 
304-755-4353. 

1-Type L Plug-In Unit, sn 21482; 1-Type CA 
Dual-Trace Plug-In Unit, sn 66599. Contact: 
Mr. Norm Friedman, Professional Closed-Cir-
cuit Television, Inc., 342 Madison Avenue, New 
York, New York. Telephone: 212-MU 7-4422. 

1-Type 545B Oscilloscope, sn 397; 1-Type B 
Plug-In Unit an 19773; 1-Type 500/53A Scope-
mobile®, Model 7. Contact: Electro-Mech Cor-
poration, Attention: Mr. W. R. Sandman, Vice-
President, P. 0. Box 102, Wrightsville, Georgia 
31096. Telephone: 912-864-3366. 

1-Type IS1 Sampling Unit, sn 417; 1-Type 
3S76 Dual-Trace Sampling Unit, sn 492; 1-Type 
3T77 Sampling Sweep Unit, an 489. 80% off 
original cost. Contact: Mr. Greenburg, Infor-
mation Control Company, 138 Nevada Street, El 
Segundo, California 90245. Telephone: 322-6931. 

1-Type 517 Power Supply, sn 370; 1-Type 112 
Differential High-Gain Amplifier, sn 570. Con-
tact: Lenn Chatis, 512 N. Citrus Avenue, Los 
Angeles, California 90036. Telephone: 213-
934-5762. 

1-Type 517A Oscilloscope, sn 529. Will sell 
for cash or trade for a Tektronix portable 
oscilloscope. Contact: Fred Kortright, Basler 
Electric Company, Box 269, Route 143, Highland, 
Illinois. Telephone: 618-654-2341. 

1-Type 315D Oscilloscope, sn 1253. Please con-
tact: Mr. Louis Posner, Marine Radio Equip-
ment, Inc., 10 Rogers Street, Gloutester, Mass-
achusetts 01930. 

1-Type 551 Dual-Beam Oscilloscope, sn 003247; 
1-Type K DC-to-30 MHz Unit, an 9907; 1-Type 
CA Dual-Trace Unit, sn 017074. Price for all 
three instruments; $ 1575.00. All are in good 
condition. Contact: Jack Svela, Exact Elec-
tronics, Inc., 455 Second Street, Hillsboro, Ore-
gon 97123. 

1-Type 132 Power Supply; 1-Type 0 Opera-
tional Amplifier. Contact. Dr. Neil Moore, 
Comparative Cardio Vascular Studies Unit, 
Philadelphia, Pennsylvania 19104. Telephone: 
594-8897. 

USED INSTRUMENTS WANTED 

1-Scopemobile® for Type 530/540 Oscilloscopes. 
Please contact: Mr. Sam Rosen, Vibacall Corpor-
ation, 26300 Telegraph, Southfield, Michigan 
48075. Telephone: 313-353-2885. 

1-Type 321 or Type 321A Portable Oscilloscope. 
Contact: Mr. R. L. Meisenheimer, LaMar En-
gineering Company, Burlington County Airport, 

Medford, New Jersey. Telephone: 609-267-6710. 

1-Type 317, Type 515, Type 515A, or Type 516 
Oscilloscope. Contact: Mr. Sam L. Fulwood, 
806 N. Rio Vista Boulevard, Ft. Lauderdale, 
Florida 33301. 

1-Type 545B Oscilloscope with 1-Type 1S1 
Sampling Plug- In Unit. Contact: Mr. Bob Saul, 

Aul Instruments, Inc., 24-13 Bridge Plaza North, 
Long Island City, New York 11101. Telephone: 
212-729-6565. 

1-Type 310A, Type 317, or Type 516 Oscillo-
scope. Please state condition and price. Con-
tact: A. T. Ferguson, 10 Bayberry Drive, Newport 
News, Virginia 23601. Telephone: 596-7347. 

MISSING 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 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 infor-
mation to your local Tektronix Field Office. 
Field Engineer or Field Representative, or, The 
Editor, Service Scope, Tektronix, Inc., P. O. 
Box 500, Beaverton, Oregon 97005. Telephone: 
503-292-2611, Ext. 318. 

1-Type 321A Portable Oscilloscope, sn 1040. 
Missing since September 1966 and believed 
stolen. Reported by: Mr. N. A. Burtch of 
University of Alberta, Electrical Engineering 
Department, Edmonton. Alberta, Canada. 

1-Type 561A, sn 015376; 1-Type 3B3 Time-Base 
Unit, sn 005767; 1-Type 3A1 Dual-Trace Ampli-
fier, sn 010759. These instruments were removed 
by an unauthorized person (or persons) from the 

Federal Aviation Agency's Aircraft ±,.'. N-11 in 
Bakersfield, California. They are considered 
stolen. Mr. Del Kidman is the person to contact 
if you have information on these instruments. 
His address: Federal Aviation Agency, Aircraft 
Maintenance Base, 5885 West Imperial Highway, 
Los Angeles, California. Telephone: 213-670-
7030, ext. 701. 

1-Type 545 Oscilloscope, sn 476; 1-Type CA 
Dual-Trace Plug- In Unit, sn 10538; 1-Type 53IA 
Oscilloscope, sn 22786; 1-Type H Plug- In Unit, 
an 10271. These instruments were missed on 
April 19, 1967 and were apparently removed 
from the premises on the night of April 18, 1967. 
These instruments are owned by Unitron, Inc., 
1624 North First Street, Garland, Texas. Mr. 
Jerry Munn is the man to contact there. 

1-Type 422 DC-to- 15 MHz Oscilloscope, sn 1963. 
This instrument disappeared from the U.S.S. 
Baya. It is the property of the U. S. Navy 
Electronics Laboratory in San Diego, California. 

1-Type 321A Portable Oscilloscope, sn 223. 
Reported as stolen from Gurton Semi-Products, 

211 East Avenue, Linden, New Jersey. Telephone: 
201-925-5161. 

1-Type 453 DC-to-50 MHz Portable Oscilloscope, 
an 8812; 1-Type 422-MOD 125B DC-to- 15 MHz 
Oscilloscope, sn 6276; 1-Type 564 Storage 
Oscilloscope, sn 6489; 1-Type 3A2 Analog/ 
Digital Amplifier Unit, sn 110; 1-Type 3B4 
Time-Base Unit, sn 1018; 1-Type 531 Oscillo-
scope, an 5957; 1-Type CA Dual-Trace Plug-In 
Unit, an 47381. These instruments are missing 
from the Waltham, Massachusetts area. Con-
tact: Mr. Lee Heaton, Tektronix, Inc., 244 
Second Avenue, Waltham, Massachusetts. Tele-
phone: 617-894-4550. 

1-Type 321A Portable Oscilloscope, an 3851. 
Taken from Magnavox Company, 2131 Bueter 
Road, Fort Wayne, Indiana. These instruments 
are believed stolen. Contact: Mr. Jerry Buchan. 
Telephone: 219-743-9721, ext. 341. 

1-Type 515A Oscilloscope, sn 5802. Missing 
from Picker X-Ray Engineering. Contact: Mr 
Gjernes, Manager. Telephone: 604-253-7571. 
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