


































































































44 VIDEO AMPLIFIERS 

modern television receivers employ only one video amplifier as a 
rule, as many as 25 video amplifiers follow the camera in a televi­
sion studio and transmitting room. Compensation for good high­
frequency response cannot be handled merely as a series of inde­
pendent stage modifications in such cases since the effects of com­
pensation - particularly certain undesirable ones - are cumulative 
and require separate study. 

The amplitude-frequency discrimination resulting from several 
stages of video amplification in cascade is the product of the indi­
vidual stage frequency discriminations. Consider two amplifiers 
having amplifications of A and A' respectively. Assume that the first 
one discriminates between f and £1 by a factor k, and that the dis­
crimination of the second is equivalent to k'. If f and f1 are applied 
to the input of the first amplifier, their relative output voltages are 
A and Ak. These voltages are then feel to the second amplifier so that 
the relative output in this case is AA' and AA'kk'. The total dis­
crimination of the two stages in cascade is then obtained from the 
ratio of the voltage which, in this case, is kk' or the product of the 
individual discrimination factors. 

The phase-shift characteristic, on the other hand, is additive in 
cascaded stages since the time delay resulting from inconstant phase 
shift in the first stage sets up the reference for measuring the time 
delay in the second stage, the second establishes the reference for 
the third, and so on. 

Figure 22 illustrates the cumulative effect of peaking cascaded 
stages with the same peaking coil values, while maintaining 
other identical circuit conditions. Assuming that a small peak 
occurs in the vicinity of f/f1 = l for a single stage, this condition is 
aggravated by the cascade multiplication and introduces a serious 
nonuniformity in the amplitude-frequency characteristic of the mul­
tistage video amplifier. A similar effect is observed in video ampli­
fiers which do not produce a peak at the high-frequency end of the 
response range but which fall off in amplification at this point. In 
this instance, although the bandwidth of the individual stage may 
be great enough for the desired range, the overall bandwidth of sev­
eral cascaded stages is actually smaller than required because ampli­
tude drop-off is also cumulative in effect. For instance, if the band­
width of IO cascaded stages is to be constant to within 3 db between 
a reasonably low-frequency such as 30 cycles and a high-frequency 
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limit of 4 me, then each individual stage response curve must be 
equally flat between 30 cycles and better than 7 me! In general, tele­
vision studio practice dictates that peaking circuits be designed for 
maximum flatness rather than high gain. In other words, the band­
width of each amplifier is specified at no less than 7 or 8 me, regard-
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Fig. 22. The effect of identical peaking used in seven cascaded amplifier stages. 
Note the improper emphasis on the resonance peak near f/f,. 

less of the loss of gain so incurred; then additional stages, also de­
signed for maximum flatness, are inserted to make up for the loss of 
amplification attributable to extreme wideband design. Under these 
initial design considerations, it is then possible to construct a cas­
caded amplifier of many stages which will exhibit uniform ampli­
tude and constant phase shift characteristics from 30 cps to 4 mega­
cycles. 

Note: We are concerned only with high frequency compensation 
in this chapter. Details relating to compensation down to low fre­
quencies of 30 cycles or less are covered in the next chapter. 
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24. Review Questions 

I. What would happen to the high-frequency response of a video amplifier if 
the output impedance could be made purely "resistive" in nature (nonreac­
tive) ? Explain. 

2. With the aid of a diagram, explain why shunt peaking is effective in increas­
ing the high-frequency response of a video amplifier? 

!J. Define susceptance. Prove that susceptance becomes the reciprocal of reactance 
in a nonresistive circuit. 

4. What are the conditions under which equation (48) shows that an inductance 
L. can be found which can make the equivalent circuit impedance purely 
resistive regardless of frequency? Explain fully. 

5. Discuss the reason for the statement that the gain of a series-peaked compen­
sated amplifier can be made appreciably larger than the gain of a shunt­
peaked one. 

6. How does the phase characteristic of a series-peaked compensated amplifier 
compare with that of a shunt-peaked type? 

7. If you were about to select a peaking circuit, which would you choose to 
obtain the greatest gain? If you were specifically interested in the most con­
stant time-delay, which one would you choose? 

8. If each of two identical amplifiers display a degradation of 2 db at f,. what 
degradation would you expect when these amplifiers are connected in cascade? 

9. Explain why the total time delay for several amplifiers in cascade is the sum, 
rather than the product, of the individual time delays. 

10. Describe the procedure used in television transmitter design to insure ade­
quate high-frequency compensation of many video amplifiers in cascade. 



Chapter 4 

LOW-FREQUENCY COMPENSATION METHODS 

25. General Information 

It was shown in Chapter 2 that the low-frequency response of an 
amplifier is improved by using reasonably large values of grid re­
sistor Rg and coupling capacitor Cc, and by adequately bypassing 
the cathode and screen resistors. The values of Rg and Cc, however, 
cannot be increased without limit because of the increased shunting 
effect of these components and the consequent degradation of high­
frequency performance; also, relaxation oscillation is an ever-present 
danger when the R-C time constant of the coupling circuit is made 
too large. 

Aside from the proper selection of the components mentioned 
above, further improvement in the low-frequ~ncy range of a video 
amplifier may be effected by adding a low-frequency compensation 
circuit in series with the plate resistor RP. When correctly designed, 
the compensation circuit consisting of C1 and R 1 in Fig. 23 can ex­
tend the low-frequency end of the video amplifier response curve to 
a substantial degree. 

26. Analysis of Low-Frequency Compensation Circuit 

The analysis of the coupling circuit and the compensating filter 
is most easily handled by considering the tube to be a constant-cur-

47 
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rent generator (rather than constant-voltage type). That is: 

(49) 

in which iv is the instantaneous plate current, ci is the instantaneous 
input voltage, and gm is the transconductance of the tube in mhos. 
This relationship is particularly applicable to pentodes since it as­
sumes that both RP and R 1 are small compared to the dynamic plate 
resistance rv of the tube. Let us recall that RP is seldom larger than 
10% the value of rP in practical pentode circuits; R 1 is even smaller 
than that. These assumed conditions are correctly met by a pentode 
amplifier. Since the plate current of a pentode is virtually indepen­
dent of the plate voltage, small variations of voltage drop due to 
signal currents across RP and R 1 have little effect upon plate cur­
rent; hence, the phrase "constant current." 

The constant signal current in the output circuit of the tube sees 
a branched output impedance Z11 : one branch consists of Rr and R 1 

(shunted by C1) in series, while the other comprises the series com­
bination of Cc and Rg- In practice, Rg is very much larger than 
RP + R1, hence most of the constant current flows through the 
R1,-R1-C1 branch. Symbolizing the amplification developed across 
this branch by A', we can write: 

(50) 

in which ZP is the total impedance of the plate circuit branch de­
scribed above. The value of Zr may be stated in the usual manner as: 

Equation (5 I) may be arranged for simplification thus: 

R1 
zi> = RP + ------

1 + j21rfR1C1 

Substituting this value for ZI> in equation (50): 

(51) 

(52) 

(53) 

In this case, as in any R-C coupled amplifier, Cc and Rg form a signal 
voltage divider in which only a part of the gain developed across the 
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plate impedance is transferred to the grid circuit of the next tube. 
The fraction transferred is given in general terms as: 

Rg 
Fraction = -----

Rg + Xcc 
(54) 

in which Xcc is the capacitive reactance of the coupling capacitor. 
Thus, the net gain delivered to the grid of the second tube is 

equal to A' multiplied by the fraction in equation (54). The com­
plex equation obtained by this process may be finally reduced to 
the form: 

( 21rf - _j ) (21rf - _j ) 
R 1C1 R,Cc 

Net Gain (55) 

In this expression, it will be noted that a new term appears: R 2 • For 
simplicity, we set R 2 = RPR1/(Rp + R 1). This ratio makes 
its appearance in the intermediate multiplication of A' by transferred 
fraction previously described. By substituting a simple symbol such 
as R 2 for this ratio, the final equation as given in (55) can be more 
easily interpreted. 

A striking feature of this equation is that both the numerator and 
denominator contain terms in which frequency appears as a multi­
plier, suggesting therefore that the proper selection of components 
might result in partial, if not total, cancellation of the frequency 
component. Suppose, for example, that R2C1 is made equal to RgCc. 
(This is the equivalent of saying that the time constants of these 
combinations are arranged for equality.) For this condition the en­
tire parenthetical term in the numerator is cancelled by the right­
hand parenthetical term in the denominator so that the net gain 
becomes: 

Net Gain (56) 

21rf - _J -
R1C1 

The importance of the compensating circuit becomes immediately 
apparent from this equation. If the time constant R 1C1 is made 
increasingly larger-keeping R 2C1 = RgCc, as demanded by the as­
sumption that made the equation possible-the right-hand term in 
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the denominator approaches zero. Under these circumstances, the 
271'£ terms in the numerator and denominator cancel leaving the net 
gain equal to gmRp. In this form, the amplifier is not frequency­
sensitive at all. 

Therefore, from a theoretical point of view, the low-frequency 
response of the video amplifier may be indefinitely extended by in­
creasing the time constant of the compensation network without 
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Fig. 23. A step voltage acting between the grid and cathode of an amplifier tube 
compared to an equivalent circuit in which a switch is closed. 

limit. This ideal result cannot be achieved in practice, of course, 
since an excessive value of R 2 reduces the plate voltage of the tube 
to the point where it has no gain at all. The analysis shows, however, 
that compensation brings about substantial impr~>Vements in per­
formance. 

From another point of view, the identity R2C1 = RgCe demands 
that, if R2C1 is made large, so must RgCe be raised in value. This 
requirement is an additional limitation on the magnitude of the 
time-constant product of the compensating network since RgCc can­
not be increased greatly before motorboating begins. The actual 
values of the various components used in practical video amplifiers 
will be derived in the discussions contained in Chapter 5. 

27. Transient Behavior at low Frequencies 

Some of the characteristics of video amplifiers as related to pulse­
transmission response were defined in Section 16. It was noted in 
this section that sag in the reproduction of a square wave was due to 
improper low-frequency performance of the amplifier. (See Fig. I 7.) 
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The application of a step voltage (the leading edge of this pulse 
has nearly instantaneous rise time and comparatively large pulse 
width) to the grid circuit of an amplifier tube can be closely com­
pared with the act of closing a fast-acting switch in a simple R-C 
circuit as shown in Fig. 24. 

Assuming that Ce is initially discharged, the charging current that 
flows immediately after the switch is closed causes the largest pos­
sible voltage drop e0 across the grid resistor R, for the particular 
values of the circuit. As Ce charges, the current diminishes thereby 
causing e0 to diminish in proportion. In Fig. 24B, waveform CAA' 
is the applied step voltage while CAB is the waveform of the volt­
age e0 from time t0 to t1 • Sag is defined as the ratio of A'B/ AC and 
may be shown by basic d-c theory to be: 

where: 
Sag = 1 - i-0 

t 
D= 

Ce (RP + R,) 

(57) 

in which i (epsilon) is the base of the natural logarithms. If R, is 
much greater than RP as is normally the case in practice, then equa­
tion (57) may be simplified as follows: 

Sag = 1 - i-E (58) 
where: 

t 
E =--

R,Cc 

Thus, the sag shown in Fig. 24B · is due to the presence of the coup­
ling capacitor Cc. It is also evident from equation (58) that sag can 
be made small only by increasing the resistance of R, and the capaci­
tance of Cc. This is the same conclusion reached by the preceding 
study of amplitude and phase characteristics at low frequencies. 

Using a similar approach, it can be demonstrated that sag may 
also be caused by inadequate bypassing of screen and cathode impe­
dances. A compensation network such as that formed by R 1 and C1 

in Fig. 23 reduces the net sag by causing a lift (or negative sag) in 
the flat top of the reproduced pulse. In theory, it is possible to pro­
portion R 1 and C1 so that they fully compensate for any one of the 
sags introduced by the coupling capacitor, the screen impedance, or 
the cathode impedance. Compensation of practical amplifiers rarely 
approaches such perfection, however, for the reasons previously 
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e; 

Fig. 24. Low-frequency com­
pensotion circuit consisting 
of capacitor C, and resistor 

R, in series with Rp. 

given: any attempt to make R1 large enough to approach the ideal 
results in excessive plate voltage loss due to the voltage drop in this 
resistor; the component values are very critical so that compensa­
tion action does not remain constant as the components age; finally, 
when several sources of sag are present at the same time, one R-C 
network cannot compensate for all of them simultaneously. 

Thus, the performance of a practical compensating system never 
produces an output waveform identical to the input waveform when 
the input is a step voltage. System designs are based upon close 
approximations only. Normally, a compensating network having the 
desired characteristics is first calculated and connected into the asso­
ciated amplifier. Its behavior with an applied square wave is then 
observed on an oscilloscope; excessive sag still present indicates that 
the compensation is insufficient while a rising flat top points towards 
overcompensation. The values of C1 and R 1 are then adjus.ted until 
the best possible compensation is obtained. 

Cc 

B+ 

Fig. 25. Low-frequency and 
high-frequency compensating 
circuit components in a single 

video amplifier stage. 
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The final video amplifier design must include both high- and low­
frequency compensating networks so placed as to avoid mutual inter­
ference. It is customary to connect a high-frequency shunt peaking 
coil between the plate resistor and the low-frequency compensating 
network as shown in Fig. 25. At very high frequencies, C1 is a short­
circuit to ground, effectively removing itself and R 1 as significant 
factors in the circuit. As the frequency diminishes sufficiently to 
make C1 effective, the inductive reactance of L 8 becomes so small as 
to render the peaking coil inoperative, reducing the plate load to 
RP. Thus, neither of the compensating systems causes interference 
with the action of the other. 

28. Review Questions 

I. What are the chief causes of attenuation of the low frequencies in a video 
amplifier? 

2. Explain why a pentode can be considered as the equivalent of a constant 
current generator. 

3. Why cannot the low-frequency response of an amplifier be extended indef­
initely by increasing the time constant of the compensation network without 
limit? 

4. What factor or factors make it impossible to increase the coupling capacitor 
value without limit? the value of the grid resistor? 

5. What is meant by a step voltage? 
6. Define sag. What is the value of measuring the sag in the reproduced voltage 

of a step-voltage input signal? 
7. Explain on the basis of R-C time-constant theory why sag appears in the 

reproduced pulse of an uncompensated amplifier when the input is a step­
voltage. 

8. How can sag be reduced? \Vhy is perfect compensation for sag virtually im­
possible? 

9. Draw a schematic diagram of a circuit containing high-frequency compen­
sation in the form of a shunt peaking coil and a low-frequency R-C com­
pensating network. Repeat for series peaking and combination peaking. 

10. Explain why high- and low-frequency compensation circuits act indepen­
dently of each other. 



Chapter 5 

VIDEO AMPLIFIER DESIGN PROCEDURE 

29. Outline of Design Procedure 

The fundamental limitations of an uncompensated amplifier are: 
(1) The nonuniform gain over the portion of the spectrum to be 

amplified. 
(2) The varying time delay for different portions of the amplifier's 

frequency range. It has been pointed out that an inconstant phase 
shift characteristic causes more degradation of low-frequency re­
sponse than nonuniform gain, but that the latter defect is appreci­
ably more significant at the high frequencies. Although it is impos­
sible to realize both uniform gain and constant time delay over the 
video range, good approximations resulting in satisfactory amplifier 
performance can be achieved by proper design. 

The basic approach to video amplifier design procedure can be 
summarized as follows: 

(a) The bandwidth of the amplifier is decided upon so that f1 

is known for both the high-and low-frequency ends of the uniform 
response range of the amplifier. The amplifier tube or tubes are 
then selected. Normally this selection is determined by gain require­
ments, space and size considerations, availability, etc. 

(b) The uncompensated stage is then wired in prototype form. 
That is, a duplicate of the amplifier to be installed in the final 
equipment is constructed so that it can serve as an electrical and 
mechanical prototype. The purpose of this step is to insure that 

54 
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the shunt capacitances of the experimental model exist in the 
final equipment. 

(c) The total shunt capacitance Ci is then calculated and/or 
measured by methods to be described. 

(d) The high-frequency compensation system, using either shunt, 
series, or combination peaking, is then calculated and/or deter­
mined by a specific experimental method which is discussed later. 

(e) Screen circuit and power supply impedances are then reduced 
as much as practicable. 

(f) The low-frequency compensating network is then calculated 
to inhibit the detrimental effects of the cathode impedance and 
coupling-circuit action. 

(g) The performance of the compensating filter R 1C1 is checked 
by square-wave analysis. Finally, the behavior of the amplifier with 
respect to uniformity of gain and constancy of time-delay is tested 
using both square-wave and variable-frequency input methods. 

Although the design procedure described in the remainder of 
this chapter has been confined to numerical examples dealing with 
a specific objective, the approach is quite general and can be applied 
to any suitable tubes or circuits. The specific attack has been 
selected because it is felt that much additional clarification of both 
the problem and the solution is possible in this way. 

Let us state the design problem and then proceed with the solu­
tion in accordance with the outline above. 

A two-stage video amplifier consists of a 6AH6 miniature sharp­
cutoff pentode and a 6V6 beam power video output tube. The gain 
of the first stage is to be uniform from 30 cycles to 4 me. Electrode 
voltages may be selected to conform with tube ratings according to 
standard practice. 

30. Gain at Middle Frequencies 

The mid-frequency gain of a pentode such as the 6AH6 in which 
rP is ten or more times greater than the plate load impedance ZP is 
given in equation (12) as: 

Gain = gmZp = gmRp (RP is the resistive load) (12)• 

At the inception of design, it is informative to calculate the mid­
frequency gain of the stage on the basis of some reasonably assumed 

•Equations that appear earlier in the book are identified by the original number. 
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value of plate load impedance. The 6AH6 is designed to operate 
with 300 volts between its plate and cathode and, at this voltage, 
its plate resistance is given as 0.5 megohm (screen potential = 150 
volts, cathode resistor = 160 ohms). Under these conditions, the gm 
of a 6AH6 is 9000 micromhos. We have seen that f1 rises as the plate 
load impedance is made smaller and, since the desired high fre­
quency f1 is quite high in this case (4.0 me), it is best to start with 
a relatively low value for RP- If the assumed value does not give 
the required gain, then RP will have to be increased in size. It 
would be reasonable, then, to start with ZP equal to, say, 5000 ohms. 
Thus: 

Mid-frequency Gain = 9000 X 10-6 X 5 X 103 = 45 

Assuming that this gain is adequate, we will temporarily accept 
5000 ohms as the design value for RP. In accordance with the out­
line, a prototype of the first amplifier stage is then wired, using 
values for screen dropping and bias resistors such that the rated 
voltages are obtained. The cathode resistor is given in the tube 
manual as 160 ohms for a transconductance of 9000 micromhos; 
similarly, the screen voltage is stated as 150 volts and the screen 
current as 2.5 ma. Thus, the screen dropping resistor required is: 

150 
Rg2 = -- = 60,000 ohms . 

. 0025 

The finished prototype must also contain the input to the 6V6 stage 
as well as the components required for the 6AH6 amplifier portion. 
The circuit thus far is given in Fig. 26. Since we are interested at 
the moment in high-frequency performance, the values of other 
components such as Rg1, Ck, Cc, Cg2, and Rk for the 6V6 are selected 
merely on the basis of ordinary, narrow-band audio amplification 
as obtained from the R-C coupling data charts given in receiving 
tube manuals. 

31. Establishing the Value of Ct 

The value of Ci should be calculated and then measured. From 
equation (32): 

(32) 

in which Ct is the shunt capacitance of the system, C1 is the input 
capacitance consisting of the sum of the output capacitance of the 
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6AH6 and the input capacitance of the 6V6, Cw is the stray-wiring 
capacitance, and Cgp is the grid-plate capacitance of the 6V6. The 
gain factor is that associated with the 6V6. Using manufacturers' 
values and an estimated Cw for a well constructed amplifier, we 
have: 

C1 = 2µ.µ.f + I 0µ.µ.f 

Cgp = 0.3µ.µ.f 

(2µ.µ.f, 6AH6 output C, lOp,µ.f, 6V6 input C) 

6V6 gain = IO (approx) Cw = 51tµ.f (roughly) 

5 + 12 + 0.3 (1 + 10) = 20.3µ.µ.f 

Thus, Ct, the total shunting capacitance acting across the plate load 
impedance in this case equals 20.3 µ.µ.f. 

Normally, the relatively simple calculation above is followed by 
a measurement of Ct. Such a measurement is used as the calcula­
tion's check since Cw is an estimated factor based upon previous 
experience and listed in the literature. There are two standard 
methods now in use for measuring Ct; these will be described in 
the following paragraphs. 

A very convenient approach to the measurement of Ct first 
described by Seeley and Kimball3 is based upon the relationship: 

(22) 

in which Rt is the total plate load resistance as defined in equation 
(16), Ct is the total shunt capacitance, and f1 is the high frequency 
at which the amplifier gain is down 29.3% from its mid-frequency 
gain value. To measure Ct, a signal generator is used to apply a 
mid-frequency of 10,000 cycles to the input of the amplifier; the 
amplifier output voltage is measured by a vtvm or a cathode-ray 
oscilloscope (CRO). The frequency is then gradually raised while 
the input voltage is maintained at its initial value. When the out­
put voltage has dropped to .707 times its initial value, the frequency 
of the signal generator must be f1 and Ct can be found by solving 
equation (22) for Ct. Rt may be taken as the value of the plate load 
resistor (in our example, 5000 ohms) since the shunting effect of 
Rg - a very large resistor - is negligible. If the calculated value for 
Ct = 20µ.µ.f is correct, then the gain drops by 3 db when f1 = 1.57 
me as shown below: 

I 
fi = 6.28 X 5 X 103 X 20.3 X 10-12 = 1.57 me 

'Seeley and Kimball, "Analysis and Design of Video Amplifiers," RCA Review 
January 1939. 
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It is interesting to note at this point that this £1 is quite low and 
that such an uncompensated amplifier can not be used for video 
purposes, even in the poorest of television receivers. 

A second practical method often used for measuring Ct consists 
of replacing the plate load resistor with a known value of in­
ductance and then finding the frequency at which this inductance 
resonates with Ct. An r-f signal generator is normally used; its un­
modulated output is applied to the grid of the first video amplifier 
and the voltage developed across the plate circuit coil measured by 
a wide-range vtvm. The value of Ct is then determined from the 
equation: 

ct= ---
(21rf)2Lp 

in which Lv is the known value of plate circuit inductance. Suppose 
a peaking coil of 80 p.h was used to replace the 5000-ohm plate 
resistor in our example and that it was found to resonate with Ct 
at a frequency of 4 me. The measured value of Cc would then be: 

I 
Ct = -------------

(6.28 X 4 X IQ6)2 X 80 X }0-6 

630 X 1012 X 80 X 10-6 

l 9.9 p.p.f 

Since the value of Ct obtained is a function of the reciprocal of the 
square of the frequency, it is essential that the precision of the 
signal generator used for this measurement be good enough to 
provide a reliable answer to at least three significant figures. Note 
that the figure obtained by measurement differs from the computed 
value by approximately 4 parts out of 200 for an error of about 
2%, An error of this magnitude is normally insignificant in ordinary 
video amplifier design. 

32. Calculation of Shunt Peaking Network 

In Section 30, a plate load impedance Rv = 5000 ohms was 
tentatively selected for the construction of the amplifier prototype. 
Now that Ct and f1 are both known, the actual value of plate load 
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resistance required for compensation up to 4 me can be determined 
from equation (22). Thus (assuming R, large compared to RP): 

RP = Rt = l/271"f1Ct 

1 
Rp = 6.28 X 4 X 106 X 20.3 X 10-12 

106 

510 

= 1960 ohms or 2000 ohms approximately 

As previously pointed out, one unavoidable consequence of this 
reduction of RP is the accompanying decrease in gain. Where the 
uncompensated gain of this amplifier with RP = 5000 ohms was 45, 
the gain will now be down to 2/5 X 45 = 18. 

The theoretical considerations leading up to the selection of LP 
as the shunt peaking coil are presented in Section 20 and Fig. 19. 
The discussion shows that an excellent compromise between uni­
formity of gain and phase shift is obtained by setting LP = 0.5RiCt, 
This equation may be rephrased in somewhat more convenient form 
by using the fact that RP has been selected by making it equal to 
½1rf1Ct. Thus, we may write: 

0.5Rp 
LP=--

21rf1 
(59) 

Substituting the known values from the above example, we obtain: 

0.5 X 2000 
LP=-------

6.28 X 4 X 106 

39 microhenries 

Thus, when a shunt peaking coil of LP = 39 microhenries is used 
with a plate load resistor of 2000 ohms, the amplifier gain equals 
approximately 18 and remains reasonably uniform from the middle 
frequencies up to 4 me. 

33. Calculation of Series Peaking Network 

Section 21 shows that an advantage of series peaking (Fig. 20) 
consists in the isolation of C1 and C0 , which makes it possible to 
realize greater gain by basing the selection of Rp on the value of 
C0 rather than that of Ct. 
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Analysis shows that the ratio of C1 to C0 plays an important role 
in the operation of a series peaking circuit. C1 is almost always 
larger than C0 ; by judiciously placing components in the wired 
circuit, it is possible to make the ratio Ci/C0 = 2. This is usually 
the basis for design of practical series peaking circuits. Similarly, 
the resonant frequency of the series peaking coils L. and Ct is 
generally chosen to be about 1.41 times £1. That is: 

£LC = l.4lf1 (60) 

From the relation: £LC = ½71' ~ we can write: 

(61) 

since I .4 I --./2, squaring both sides of equation (61) yields: 

(62) 

and solving for L 8 : 

I 
L. = ----

871'2f12Co 
(63) 

Equation (63) can be used as a design equation for determining the 
size of the series peaking coil. Also, with C1 and C0 isolated from 
each other, the plate load resistor RP can be made appreciably 
larger than in the shunt-peaking case. An increase of 1.5 times is 
a good compromise, so that: 

l.5 
RP= ---

271'f1Ct 

which is the design equation for the plate load resistor. 

(64) 

Using series peaking for the amplifier having the specifications 
given at the beginning of this chapter, the following results are 
obtained: 

Assuming that the physical wiring of the circuit is adjusted to 
make C1 = 2C0, then 

I.5 
6.28 X 4.0 X 106 X 20.3 X 10-12 

= l.5 X I 960 = 2940 or approximately 3000 ohms 

Thus, the gain of the series peaked stage is roughly 1.5 times greater 
than the shunt peaked one. 
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The value of the peaking coil L8 is found from equation (63). 
(Total Ci of 6V6 including Miller Effect capacitance is 13.3 µ,µ.f; 

thus C0 = 6.6 µ,µ.f.) 

l 
Ls = 8 X (3.14)2 X 16 X 1012 X 6.6 X 10-12 

l 

8 X 9.86 X 16 X 6.6 

.000120 henry 

= 120 microhenries 

Equation (63) sometimes proves difficult to use because C0 is not 
always known or cannot be measured accurately. A second ex­
pression that is often more useful is given in equation (65): 

(65) 

If the substitutions from the example are made in this equation, 
taking RP = 3000 ohms, we obtain: 

L. = 0.67 x 20.3 x 10-12 x 9 x 106 = I 22 microhenries 

It is important to note that these design equations are valid only 
for the condition in which Ci/C0 = 2. The reason for selecting this 
ratio is that it provides for the best compromise between uniform 
gain and constant phase characteristics. We must never lose sight 
of the fact that the phase characteristic is of primary importance in 
determining the performance of the video amplifier, particularly 
at low frequencies. 

34. Calculation of Combination-Peaking Network 

Reference is made to the combination peaking network shown 
in Fig. 21 throughout this discussion. 

Much attention has been given combination peaking design be­
cause of its importance in television receivers. It is generally con­
ceded that the greatest advantage to be expected from a well 
designed combination peaked circuit is increased gain, but that 
series-peaking is capable of more uniform amplification and more 
constant time-delay. Thus, the type of compensation used must be 
determined by the specific needs of the design. In television video 
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amplifiers-particularly in modern receivers in which a single video 
amplifier is used-gain is a very important factor. For this reason, 
combination peaking is quite common in this application. 

The conditions that are met in the formulation of the equations 
are:• 

C1 
(66) 2 

Co 
1.8 

RP= ---
27Tf1Ct 

(67) 

LP = 0.12 CtR/ (68) 

L. = 0.52 CtR/ (69) 

The design procedure follows the same series of steps as previously 
outlined: assuming that f1 is selected at 4.0 me, C0 and C1 are 
determined by measurement or calculation, C1 is made twice as 
great as C0 , and RP is determined from equation (67). With this 
value of Rp, the gain equals 1.8 times that of a simple shunt-peaking 
system. LP and L. are then calculated from equations (68) and (69) 
respectively. 

Applying these equations to our example, the value of RP is 
obtained merely by multiplying the value of RP as obtained for 
the shunt-peaking case (i.e. 1960 ohms) by 1.8 or: 

RP = 1.8 x 1960 = 3528 ohms or 

= 3500 ohms approximately 

The value of the shunt-peaking coil LP is obtained by substituting 
in equation (68) as follows: 

LP 0.12 X 20.3 X I0-12 X 12.25 X 106 

30 microhenries 

Similarly, L. is calculated using equation (69) 

L1 0.52 X 20.3 X 10-12 X 12.25 X 106 

= 130 microhenries 

Or, more simply, the value of L. can be obtained directly from the 
value of LP by means of the simple relationship: 

13LP 
L. =--

3 

•Design factors originally given by E. W. Herold, August 19!18. 

(70) 
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since L. is larger than L 1, by a factor of 52/12 or 13/3. 
The variation in time delay for combination peaking 1s very 

slightly larger than the variation for series peaking. 
Table 3 which follows summarizes the design data developed 

in this chapter.4 

TABLE 3 

Performance and Design Data for High-Frequency Compensation 
Systems 

Uncompensated Shunt Series Combination 
Peaking Peaking Peaking 

R1, 
I I l.5 l.8 

21rf1Ct 21rf1Ct 21rf1Ct 21rf1Ct 

LP 0.5CtRl O.I2CtRl 

Ls 0.67CtRl 0.52CtRv2 

Relative 
gain at 
f1 0.707 l.O l.5 l.8 

Time delay 
variations 
up to 
f1 (sec) 0.035/£1 0.023/£1 0.01 I/£1 0.015/£1 

35. Selection of Screen Circuit Impedance for Optimum Low• 
Frequency Performance 

The effect of bypass capacitors on wideband performance is 
explained in Section 15. This discussion shows that failure to bypass 
the screen dropping resistor, or inadequate bypassing, results in 
increasing degeneration as the frequency is reduced. Such degenera­
tion causes a serious degradation of the low-frequency response of 
the amplifier. 

The screen dropping resistor Rg2 in Fig. 26 is calculated from 
specified values of screen voltage and screen current as given in the 
receiving tube manual (see Section 30); its value is 60,000 ohms. It 
can be shown experimentally that a video amplifier screen resistor, 
when bypassed by a capacitor having a reactance I/IO that of the 

'Time delay variations abstracted from RCA Review, January 1939. 
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Fig. 26. Protoype wiring for a typical amplifier. 

resistor (or less), performs well enough for the required bandwidth 
in television. On the other hand, rigorous transient analysis methods 
applied to very wideband amplification indicate that the screen 
bypass capacitor must have a reactance in the order of 1/200 of 
the screen resistance. Using the first ratio (Xe = 60,000/10 = 6000 
ohms), the figure obtained for the bypass capacitor is: 

C= 

6.28 X 30 X 6000 

= .89 µ.f 

and working with the second ratio, the bypass capacitor would 
have to he: 

I 
C = ------ = 17.5 µ.f 

6.28 X 30 X 300 

From the practical constructional point of view, with the easy 
availability and low cost of electrolytic capacitors made possible 
by modern manufacturing methods, a 20-µ.f bypass capacitor can 
be used just as well as one of lower value. This then meets the 
specifications imposed by the transient analysis; it must be noted, 
however, that electrolytic capacitors are generally not as reliable 
over long periods of time as are paper or oil-impregnated capacitors. 
It is for this reason that one often finds circuit designers making 
use of methods of obtaining screen bias other than that of screen 
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dropping resistors. Many radar video amplifiers, where the fre­
quency-response and phase-shift characteristics are necessarily more 
rigorously controlled, utilize fixed voltage sources for screen po­
tential or voltage-divider arrangements where the resistance of the 
source is very small compared to the dynamic screen resistance of 
the tube, making a bypass capacitor totally unnecessary. 

For practical television purposes, however, screen voltage is 
generally obtained by an R-C combination as in Fig. 26, the bypass 
capacitor being selected in the vicinity of IO to 20 µ.f. 

36. Design of the low-Frequency Compensation Network 

Section 26 showed that low-frequency distortion caused by the 
capacitor Cc (Fig·. 23) can be minimized by making the time con­
stant R 1C1 of the combination as large as possible. An important 
part of the design procedure states that the product R 1C1 be equal 
to the product RgCc. This fact limits the value of the time constant 
R 1C1• Too large a time constant R 1C1 can lead to instability and 
relaxation oscillations. Various experiments have given design 
figures for maximum RgCc products. Their results suggest that a 
time constant RgCc greater than 0.01 can lead to instability in a 
multistage system. However, values as high as 0.5 have been used 
successfully in two-stage circuits. To allow a margin of safety in 
our example, it seems justifiable to select a product such as 
RgCc = R 1C1 = 0.1. 

The tube manual provides the information that the maximum 
recommended resistance in the grid circuit of a 6V6 is 0.5 megohm. 
For an RgCc time constant = O.l, the coupling capacitor would be: 

when Rg = 0.5 megohm. 

0.1 
Cc = - = 0.2µ.f 

0.5 

In conformity with the design equations, the product R1C1 equals 
O.l. Since R1 is connected in series with the plate circuit of the 
6AH6, its value cannot be made too large, otherwise the voltage 
drop across R 1 becomes excessive. The value R 1 = 25,000 ohms is 
considered a representative value. Assuming this value for R 1, C1 

is determined: 
0.1 

0.025 
= 4 µ.f 
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37. Design of the Cathode Impedance for Optimum low-Frequency 
Performance 

With the screen impedance selected for optimum low-frequency 
performance, and the design values for R 1C1 calculated, all that 
remains is to compute the cathode impedance components that will 
support the compensation design thus far completed. The cathode 
resistance required by the tube is 160 ohms (see Section 30). This 
resistor is normally bypassed by a relatively large capacitor to mini­
mize degenerative effects. It is this capacitor, however, that causes 
the cathode impedance to affect frequency response and time delay, 
particularly if the capacitor is not sufficiently large. 

There are two ways out of this dilemma, short of using some form 
of fixed bias-a rather undesirable procedure in television receivers. 
One of these is to use a capacitor of extremely large size-in the 
order of 3000 to 5000 µ.f; this figure is necessary for good low­
frequency performance in sensitive radar circuits by straightforward 
transient analysis. The other alternative is not to bypass the cathode 
resistor. The loss of gain so incurred may be tolerable or not, de­
pending upon the particular design. If the loss in gain can be toler­
ated then Rk is left unbypassed; if gain is very important (as in 
simple television video systems) then Rk must be bypassed by as 
large a capacitor as conditions permit. Satisfactory operation can 
usually be obtained with Ck = 20 µ.f or more. For wideband ampli­
fiers having rigorous performance requirements, the capacitor has 
to be very much larger than this (3000 to 5000 µ.f) or some other 
method of biasing must be used. 

The completely designed video amplifier including high- and low­
frequency compensation circuits appears in Fig. 27. Since this solu­
tion of the design problem can be applied to a television receiver, 
compromise values obtained in the design procedure are included. 

38. Functional Test of Complete Video Amplifier 

No design procedure is complete without operating tests. One of 
the most appealing tests of a complete video amplifier consists of 
the application of square-wave input and oscillographic study of 
the output; as previously explained, this type of transient analysis 
affords adequate information concerning both frequency response 
and time delay. 
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Fig. 27. The complete two-stage video amplifier with values suitable for television 
application. 

If an electronic switch is available, both the square-wave input 
waveform and the resulting output waveform can be superimposed 
so that they may be viewed simultaneously; small irregularities and 
distortions in the reproduced wave are then easily detected. 

Regardless of the precision with which the design is carried on, 
small unanticipated distortion factors often make their appearance 
and become visible in the analysis. The worker then has the oppor­
tunity to make corrections, slight as they may be, in the constants 
that make up the compensation circuits. If an electronic switch is 
not available, the input square wave is first displayed on the oscil­
loscope screen and note made of its coordinates on the quadrille 
plastic template on the CRT face. 

Care must be exercised in keeping the input voltage low enough 
to avoid overloading the voltage amplifier stage. Both the high­
and low-frequency performance is checked with square waves of 
appropriate fundamental frequencies. For the low frequencies in a 
television audio amplifier, testing is carried out using a square wave 
of 30 cycles; for the highs, the square-wave frequency should be be­
tween 200 and 400 kc to make certain that the harmonic content of 
the input rises to at least 4 me. A series of oscillograms illustrating 
some typical video amplifier response defects are shown in Fig. 28. 
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Fig. 28. Oscillograms showing response defects in improperly compensated video 

amplifiers. 

These responses are necessarily idealized in structure but are easily 
recognizable in operating amplifiers. The dashed lines in each case 
represent the input square wave while the solid lines picture the 
waveform of the video amplifier output. 

(a) Defect. Rise time too slow; corners rounded. 
Cause. Poor high-frequency response, no evidence of time­

delay trouble. 
(b) Defect. Excessive overshoot. 

Cause. Time delay and poor high-frequency response. An 
amplifier with this characteristic shows acceptable 
gain for most of the mid-frequency range, but a rela­
tively sharp drop-off at the high end. 

(c) Defect. Excessive sag. 
Cause. Time-delay distortion, excessive leading angle at the 

low frequency end of the amplifier's response range. 
This usually indicates an incorrect time constant in 
the low-frequency compensating network. 

(d) Defect. Convex peak. 
Cause. Excessive compensation for the fundamental square­

wave frequency resulting in overemphasis of the lows. 



(e) Defect. 
Cause. 

(f) Defect. 
Cause. 

VIDEO AMPLIFIER DESIGN PROCEDURE 69 

Concave peak. 
Insufficient low-frequency compensation, but no 
phase-distortion. 
Sag coupled with peak concavity. 
Both low-frequency attenuation and phase-delay dis­
tortion. Correction required in low-frequency com­
pensating network. 

39. Review Questions 

l. Outline the steps included in the design procedure for a compensated video 
amplifier. 

2. Why is it advisable to build a wired prototype of a proposed video amplifier 
early in the design process? 

3. Describe one method in common use for measuring the value of C, in a 
video amplifier. 

4. Find the mid-frequency gain of an amplifier stage in which the tube has a 
transconductance of 6500 and a plate circuit impedance 8500 ohms. 

5. Describe the steps involved in the calculation of the inductance of a shunt­
peaking coil. 

6. Why may the plate impedance of a series-peaked amplifier stage be made 
larger than the plate impedance of a shunt-peaked stage? 

7. Explain how you can tell by examining equation (67) that the gain of a 
combination-peaked stage is substantially greater than either series or shunt 
peaking alone. 

8. Suppose that you wanted to design a compensated video amplifier having the 
best possible time-delay constancy for low frequencies. Which compensation 
method would you select? Why? 

9. Explain in detail the procedure used to design the low-frequency compen­
sating network R,C, in Fig. 23. 

10. Why does insufficient bypassing of screen dropping resistor and cathode re­
sistor lead to poor low-frequency response? Why is it often suggested that 
cathode bias is not advisable in high-gain, wideband amplifiers? 



Chapter 6 

SPECIAL AMPLIFIERS AND MEASUREMENTS 

40. Reduction of Amplifier Noise 

Weak-signal amplifiers are limited as to the weakest signal 
amplified by the noise voltage amplitude present in the system. Ex­
tended discussions of the causes of circuit noise are presented else­
where in this series; a summary of noise sources is given below, 
however, for review purposes. 

Tube noise may be classified in six groups: 
I. Shot effect due to random or spotty emission from the tube 

cathode. 
2. Secondary emission noise resulting from variations in the 

number and velocity of electrons emitted from tube elements due to 
electron bombardment. 

3. Gas noise arising from the variation in the number of kinds 
of ions produced in residual gas in the tube by electron and ion 
collisions. 

4. Grid noise due to induced voltages that appear in the grid 
circuit as a result of the fact that the grid is immersed in an electron 
stream. 

5. Current division or partition-noise that appears when cur­
rents going to different positive elements in the tube divide in ran­
dom fashion, causing absolute electrode currents to vary slightly 
from moment to moment. 

70 
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6. Cathode noise due to a relatively slow but repetitive varia­
tion of cathode emission. This is characteristic of oxide-coated 
cathodes. 

Thermal noise originates in wires and other conductors as a result 
of thermal agitation of free electrons serving as current carriers. 
Thermal action causes the potential drop across the terminals to 
vary unpredictably and irregularly with time, producing very often 
a large noise voltage. 

In designing amplifiers for service where low noise is an impor­
tant consideration, it can be shown analytically and experimentally 
that a low value of coupling resistance and a small plate current 
magnitude can result in significant reductions in tube and thermal­
noise voltage. Since the plate-coupling resistance is already small in 
the interests of wideband performance in video amplifiers, not much 
can be done in this direction without seriously reducing the gain. 
By starting the design with tubes having inherently low plate cur­
rents, the detrimental action of shot effect can be minimized. 

High-gain, low-level input stages are most subject to noise induc­
tion. In such stages, thermal noise can be shown to be proportional 
to the square-root of the amplifier bandwidth. From the point of 
view of noise reduction, therefore, it is important that the amplifier 
bandwidth be no greater than necessary to provide the performance 
required. 

As a final step, the grid-return resistor following the high-gain 
stage should be made as large as other considerations permit. Noise 
voltage developed in a grid impedance is proportional to the square­
root of the impedance while the signal voltage varies directly as the 
value of this impedance. Increasing its size brings about an improve­
ment in the signal-to-noise ratio. 

41. High Voltage and Power Output from Video Amplifiers 

In many applications involving video amplifiers, including the 
video system in television receivers, a relative~y large output voltage 
across a small load resistor is required. Since power= E2/R, more 
power may be required than can be handled by an ordinary voltage 
amplifier. In such cases it is customary to employ a power amplifier 
pentode or beam power tube to follow the voltage amplifier stages 
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Fig. 29. A triode cathode-follower circuit. Note the use of a bypassed plate circuit 

resistor. 

as in the example of Chapter 5. For this kind of a power amplifier 
the gain can be found with the equation: 

Gain = gmRp ( rP ) 
rP + RP 

(71) 

The portion of equation (71) in parenthesis is a factor made neces­
sary by the normally low dynamic plate resistance of power tubes 
(as compared to voltage amplifier tubes). Thus, rP becomes an 
important factor in determining gain. In addition, its presence in 
the equation implies that compensation is also affected. Relatively­
simple changes in the compensation network can easily correct for it. 

42. Amplifiers Having Low-Impedance Output 

Most transmission line systems, such as grounded-sheath coaxial 
cable used for carrying video signals over long distances, require a 
low-impedance source. Impedance transformation from the high 
output impedance of a normal video amplifier to the low input 
impedance of the cable cannot be handled by an impedance match­
ing transformer since such units simply do not have a wide enough 
passband. 

Reducing the plate circuit impedance of a video amplifier for 
impedance-matching purposes is not a desirable solution to the 
problem because of the drastic reduction in gain that accompanies 
such a step. Another unsatisfactory expedient that has been at­
tempted has been the utilization of several tubes in parallel to 
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reduce the output impedance. The lack of success of the method is 
largely due to the great increase of shunt capacitance that occurs, 
with severe degradation of high-frequency response. 

The best answer by far to the problem of matching the tube's 
high-output impedance to low-input impedance is the cathode fol­
lower. A representative triode cathode-follower circuit appears in 
Fig. 29. In addition to the low-output impedance feature, the 
cathode follower has an inherently good high-frequency response 
characteristic due to the extremely low equivalent plate resistance 
typical of this circuit; its low-frequency response is likewise excel­
lent because the output can be coupled directly to the load without 
the use of a coupling capacitor. The gain and output impedance 
equations associated with cathode followers are: 

Gain = gmRk 
(72) 

I + gmRk 

Output Z 
Rk 

(73) = I + gmRk 

From the gain equation (72), it is evident that the gain of a 
cathode follower can never exceed unity, although it can approach 
it closely if both gm and Rk are relatively large. Hence, a cathode 
follower is not an amplifier in the strict sense of the word but serves 
as a virtually distortionless impedance-transformation device. The 
impedance-equation (73) is obviously of the general form indicat­
ing that two quantities (I/gm and Rk) are connected in parallel to 
produce an impedance lower than either. As gm is made larger, its 

Fig. 30. Method of obtain­
ing proper bias without rais­
ing output impedance above 
the calculated or desired 
value. Rk is the output re• 
sistor and Rb is the addition-

al bias resistor. 

OUTPUT 
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reciprocal decreases, placing a lower impedance in parallel with Rk. 
Hence, the net resistance is considerably lower than Rk, often going 
down to 50 ohms or less. Equation (73) also shows that the output 
impedance is completely controllable by the designer, since Rk may 
be selected in conjunction with the tube gm to give any output 
impedance less than itself. If, in this selection process, Rk becomes 
too low to provide adequate bias, then a second resistor may be 
added in series with Rk to establish proper bias conditions. In that 
case, the output signal is taken across the junction of the two resist­
ors and ground, while the upper resistor is bypassed to prevent 
degenerative feedback from this source (Fig. 30). 

43. The Measurement of Gain-Frequency Characteristic 

The gain-frequency characteristic of a video amplifier can be 
most simply determined by connecting a reliable signal generator 
having a range from about 20 cycles to 5 me to the input of the 
amplifier, and either a vtvm or a cro to the output as shown in 
Fig. 31. Capacitors C1 and C2 form a voltage divider in which C2 

is made variable; the respective capacitances should be selected so 
that it is possible to meet the conditions of equation (74) with rea­
sonable capacitive values. Under these circumstances, both the ratio 
of input to output voltage for various frequencies can be read 

C1 + C2 
Gain of amplifier = ----

C2 
(74) 

directly from the vacuum-tube voltmeter or oscilloscope, and the 
gain of the stage can be obtained for any frequency with equation 
(74). A capacitive voltage divider (rather than resistive) is desirable 
in this arrangement because the large capacitances involved neutral­
ize stray capacitances that may happen to be present. This is not 
true of resistive dividers since the stray capacitance between wires 
and within the potentiometer itself become important factors at 
high frequencies. 

A complete series of input and output signal voltages is obtained 
by reading the vtvm first in one position of the switch and then in 
the other as the frequency is changed in convenient steps. It is 
essential, of course, that the frequency calibration of the signal 
generator be within the tolerances demanded by the nature of the 
measurement and the accuracy of the desired results. 
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Fig. 31. Block diagram showing connections for measuring the gain-frequency char­
acteristic of a video amplifier. 

Gain is easily measured by first connecting the vtvm across the 
output terminals of the generator, by moving the switch to the left 
and reading some convenient value of signal voltage directly. The 
full output of the generator may be utilized, if required, to provide 
a quarter to three-quarter scale reading. The switch is then moved 
to the right-position and C1 adjusted until the initial reading is 
again obtained. The gain is then computed with equation (74). This 
should be repeated over the entire video range, so that a plot of 
gain versus frequency may be obtained. 

44. Determination of Phase Characteristic by Measurement 

A quantitative estimate of time-delay amplifier characteristics 
may be obtained by using the arrangement shown in Fig. 32. 
Starting with the lowest frequency for which the amplifier is de­
signed (say, 20 cps), C1 and C2 are adjusted so that the voltage 
applied to the horizontal deflecting plates is approximately the same 
as the voltage applied to the vertical deflection plates from the out­
put of the amplifier with C3 and R 1 set in their respective mid­
positions. If the input and output voltages are in phase (phase dif­
ference= 0°), the Lissajous figure displayed on the screen is a straight 
line. This is also true for cf, = 180n where n is any integer, but this 
offers no difficulty in measuring single stage amplifiers where the 
phase shift is always less than 90°. If a phase shift exists, the Lissajous 
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Fig. 32. Block diogram showing connections to determine amplifier phase-frequency 
response. 

figure is an ellipse whose eccentricity depends upon the magnitude 
of the phase angle. By adjusting Ca and R1 (or either one alone, if 
possible), the display changes to a straight line. When this condi­
tion is obtained, the phase shift produced by the CaR1 network is 
given by: 

I 
8 = arctan----

21rfR1Ca 
(75) 

in which 8 is the phase shift produced by the network comprising 
C3 and R 1, f is the frequency of the signal from the generator, and 
R 1 and Ca are the values of the resistance in ohms and capacitance 
in farads, respectively. 

The phase shift produced by the network R1C3 differs from the 
amplifier phase shift by ISO• in the circuit as given. Thus, not 
counting the normal vacuum-tube phase shift of ISO•, the added 
phase shift produced by the amplifier is: 

cf> = o - go• (76) 

It must be observed that connection is made directly to the deflect­
ing plates in the CRT in Fig. 32. This assumes that the output of 
the signal generator is sufficiently high to produce a practical deflec­
tion without requiring further amplification. The amplifiers built 
into the oscilloscope may be used if this condition cannot be 
obtained, provided, however, that both the V and H systems are 
identical in every respect. The solutions to equations (75) and (76) 
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are not affected if both oscilloscope amplifiers have equal phase 
shifts even if the individual displacements are not equal to zero. 

The final measurements are made by increasing the frequency in 
convenient steps; for each step, C3 and R 1 are adjusted for a straight 
Lissajous line and the values for these settings substituted in equa­
tion (75). The signal generator (or generators, if more than one is 
used to cover the entire range from 20 cps to 5 me) must be pre­
cisely calibrated for reliable results. 

45. Response Measurements at Very low Frequencies 

The circuit shown in Fig. 33 together with the square-wave pat­
tern as it appears on an oscilloscope screen (see insert in Fig. 33) 
enables the operator to obtain a quantitative value for the low-

Fig. 33. Method of determ• 
ining low-frequency response 
in terms of fractional change 

of signal level. 
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frequency response in terms of a percentage change in signal level. 
Starting with a generator that produces a perfect square wave, the 
distances a1 and a2 are accurately measured and substituted in equa­
tion (78). This relationship is obtained from: 

(77) 
a1 - a2 

in which Rg is the coupling resistor in the video amplifier grid cir­
cuit, C0 is the coupling capacitor, t is the length of the square wave 
half-period, a1 is the amplitude of the leading edge, and a2 is the 
amplitude of the lagging edge. 
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The ratio given in equation (78) is often termed the signal-level 
percentage because it represents the percentage change of television 
screen brightness between the top of a scanned frame and the bot­
tom of the same frame. Thus: 

% change = (78) 
a1 

Obviously, if there is no sag in the flat-top of the square wave, 
a1 = a2 and there is no change of signal level. In television recep­
tion, a change of more than 5% as given by equation (78) would 
become perceptible as a change in average background illumination 
going from the top to the bottom of the frame. Generally, the re­
sponse is specified in manufacturing engineering to be no greater 
than 3% to provide uniform screen illumination over the entire 
screen when a plain background is being scanned. 

46. Review Questions 

1. Briefly describe the source of each of the following tube noises: 
(a) Secondary emission noise 
(b) Grid noise 
(c) Shot effect 
(d) Gas noise 
(e) Partition noise 
(f) Cathode noise 

2. Which of the above is the most serious insofar as video amplifiers are con­
cerned? 

3. What are the customary steps in the design of a video amplifier necessary to 
reduce thermal and tube noise to a minimum? 

4. Draw the diagram of a basic triode cathode follower circuit. 
5. If the source voltage must be reduced by a series plate resistor, why must 

this resistor be byp~ssed in a cathode follower? 
6. Prove that the gain of a cathode follower can approach unity, but never 

exceed it. 
7. Describe a direct method for determining the amplitude-frequency charac­

teristic of a video amplifier. 
8. Describe a method for obtaining a quantitative figure for the phase shift 

produced by a video amplifier at different frequencies. 
9. Under what circumstances may phase-shift measurements be made through 

oscilloscope amplifiers rather than directly to the deflecting plates? Why? 
IO. How may a square wave reproduced on an oscilloscope screen be analyzed to 

determine the percentage of signal drop-off from input to output at low 
frequencies? 
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uncompensated, high frequency be­

haviour, 18, 19, 20, 21, 22 
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Blanking signal source, 3 
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Capacitative voltage divider, 74 
Cascaded stages, 44 
Cathode noise, il 
Combination peaking, 42, 43 
Compensating circuit, 49 
Compensating filter, 55 
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Compensation problems, 43, 44, 45 
Compensation types, table of, 43 
Constant-current generator, 48 
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circuit of, 16 
Current-division noise, 70 
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Deflecting plates, 76 
Degeneration, 63 
Degenerative feedback, 29 
Distortion factors, 67 
Dynamic plate resistance, 16 
Electronic switch, 67 
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Equivalent frequency, 7 
Equivalent plate impedance, 19 
Equalizing pulses, 3 
Fall time, 33 
Figure of merit, 34 
Filler coupling, 42 
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Gas noise, 70 
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Grid-noise, 70 
Grounded-sheath coaxial cable, 72 
Herold, EW, 62 
High-gain pentodes, 17 
High-order harmonics, 8 
Ideal phase-frequency characteristics, 
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Identical peaking, 45 
Kimball, 57 
Lift, 51 
Limiting factors, 28 
Linear video amplification, 15 
Linearity of time-delay, 32 
Lissajous figures, 75 
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of, 47, 48, 49, 50 
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Low-impedance output amplifiers, 72, 

73, 74 
Masking voltages, 8, II, 12 
Miller effect, 19, 25, 35, 38 
Negative sag, 51 
Negative transmission, 2 
Net gain, 49 
Noise effects, 8, 10, ll, 12, 13 
Noise induction, 71 
Noise voltages, II, 12 
Normal uncompensated R-C coupled 

amplifier, 19 
Odd harmonics, 6, 31 
Oscillograms, 68 
Oscillation, 33 
Output voltage, 71 
Overshoot, 33, 34 
Overshoot oscilla lions, I 0 
Partition-noise, 70 
Phase characteristic measurements, 75, 

76, 77 
Phase distortion, 8, 9, 10, 14, 15 
Phase shift, uncompensated amplifier, 

22, 23, 24, 25 
Polarity, 15 
Positive transmission, 2 
Power amplifier gain, 71, 72 
Power output, 71, 72 
Pulse defects, 33 
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Pulse response, uncompensated ampli-
fier, 31, 32, 33, 34, 35 

Pulse width, 3, 4 
Radar systems, IO 
Radar video amplifiers, 64 
R-C coupled amplifier, 48 
Reactive load components, 17 
Rectangular pulse, 9 
Relative gain, 21 
Relative-gain curve, 26 
Relaxation oscillation, 47 
Response defects, 68 
Response measurements, low-frequen-

cy, 77, 78 
Review questions, 13, 36, 46, 53, 69, 78 
Rise time, 33, 34, 35 
Robinson, GD, 37 
Sag, 33, 35, 50, 51 
Sawtooth wave, 7, 8 
Scanned image, 2, 3 
Secondary-emission noise, 70 
Seely, 57 
Series inductances, 42 
Series peaking, 41, 42, 43 

coil, 42 
Serrated pulse, 3 
Shot effect, II, 12, 13, 15, 70 
Shunt capacitance, 73 
Shunt inductances, 42, 53 
Shunt-peaked amplifier, relative gain, 

10 
Shunt peaking 

analysis, 38, 39, 40, 41 
Shunt peaking, analysis, 38, 39, 40, 41 
Shunt peaking analysis, 38, 39, 40, 41 
Sidebank restriction, 4 
Signal-level percentage, 78 
Signal-to-noise ratio, 14, 15 
Signal voltage divider, 48 
Single-tuned circuits, IO 
Signal-tuned circuits, IO 
Square wave structure, 5, 6, 7, 8 
Standard television signal, 2, 4 
Standard video signal, 3 
Step-voltage, 51 
Susceptance, 39 
Synchronization, 3 
Television: 

audio amplifier, 67 
video signal, description of, I, 2, 3, 

4 
Thermal agitation, 15 
Thermal noise, 71 

Thermally-developed voltage, magni-
tmle of, II, 12 

Time delay, 43 
Time-delay discrimination, 14 
Tone, 5 
Transconductance, 16, 48 
Transient behavior, 50, 51, 52, 53 
Transient behavior analysis, 4 
Transient pulse, 9 
Transient response analysis, 32, 34, 35 
Transient analysis methods, 64 
Tube noise, 70 
Tubes, \ideo amplifiers, 35, 36 
Uncompensated amplifier, analytical 

approach, 15, 16, I 7, 18 
gain, 27 
high-frequency behavior of, 18, 19, 

20, 21, 22 
limitations of, 54 
low-frequency response of, 25, 26, 

27, 28 
phase shift in, 22, 23, 24, 25, 28 
pulse response of, 31, 32, 33, 34, 35 
untuned, 16 

Undershoot, 33, 35 
Video Amplifier: 

calculation of series peaking net­
work, 59, 60, 61 

calculation of shunt peaking net-
work, 59, 60, 61 

cathode impedance selection, 66 
design procedure outline, 54, 55 
establishing value of shunt capa-

citance, 56, 57, 58 
functional test, 66, 67, 68, 69 
gain at middle frequencies, 55, 56 
outline of, 54, 55 
requirements of, 14, 15 
screen circuit impedance selection, 

63, 64, 65 
Video range, maximum frequencies, 

4r, 
Video signal, distortion in, 8, 9, IO 

general definitions, I, 2 
noise effects on, IO, II, 12, 13 
television, I 

Voltage divider, 74, 75 
Voltage output, 71 
Wave analysis, 6, 7, 8 
Weak-signal amplifiers, 70 
Wideband amplifiers, 2 
Wideband performance, 28, 29, 30, 31 


