














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PROBLEMS 645 

11-9. Consider a reversible binary counter which is set at the decimal number ten. 
Show that if pulses are fed to this counter, the system will read nine after the first 
pulse, eight after the second pulse, etc., down to zero after the tenth pulse. What will 
the counter read after the eleventh pulse? 

11-10. A dekatron tube is used to count the positive pulses from a 2-kc generator. 
This generator triggers a monostable multi which delivers 100-JLsec wide pulses. The 
output from one plate of the multi is connected through an RC differentiating circuit 
(R = 330 K and C = 300 JLJL£) to the guide No.2 electrodes. The output from the 
other multi plate is similarly connected to the guide No.1 electrodes (with C = 0.1 JLf). 
The remainder of the circuit is as indicated in Fig. 11-12, except that no positive bias is 
used. Assume that the maintaining voltage is 190 volts. It is found experimentally 
that the quiescent guide voltage is +10 volts (due to the ionization in the �n�e�i�g�h�b�o�r�~� 

hood of the conducting cathode) and that the glow will transfer from a guide to the 
nearest cathode when the guide voltage reaches +25 volts. 

a. Sketch, to the same time scale, the waveforms at the input at 1G and at 2G. 
Assume a swing of 100 volts at each multi plate. 

b. Explain carefully the operation of the circuit. 
c. Sketch the output waveform. Calculate the peak value of this voltage. 
d. Find the minimum allowable value of the coupling capacitor to guide No. 1. 

Sketch the voltage waveform at 1G when this minimum value of C is used. 
11-11. a. Sketch, to the same time scale, the output voltages from the right-hand 

plate of each tube in a scale-of-3 ring counter. 
b. Consider one application of such a sequence of waveforms. Draw a block 

diagram of your system and explain its operation. 
11-12. A present feature is to be added to a binary counter. By means of push 

buttons the counter is to be preset so that it delivers an output pulse when the input 
count reaches 100. Draw a schematic diagram of the circuit, showing where the 
push buttons are located and explain the operation of the circuit. 

11-13. a. Both diodes in the storage counter circuit of Fig. 11-23 are reversed. 
Explain the operation of the circuit if the input polarity remains negative. Sketch 
the output waveform. 

b. Prove that Eq. (11-3) is valid for the circuit of (a). 
11-14. Consider the bootstrap storage counter of Fig. 11-28, but with both diodes 

reversed. The input pulses are negative and have a width equal to approximately 
25 per cent of the interval between pulses. Plot, to the same time scale, the wave­
forms at the input, the grid and the output if (a) Ca = 0, (b) Ca is small, and (c) Ca is 
large. Assume that a steady-state condition is reached between pulses even for 
case (c). Show the overshoot at the end of the pulse due to the discharge of C1• If 
this circuit is to be used as a staircase generator, then the output should be taken from 
the grid via another cathode follower. Why? 

11-16. Consider the bootstrap storage counter of Fig. 11-28, but with both diodes 
reversed. Neglect grid current and assume that the initial grid voltage is zero and the 
corresponding output voltage is Eo. The gain of the cathode follower may be taken 
as unity. The input is a square wave whose value is E volts for one half cycle and 
zero volts for the other half cycle. 

a. Prove that the output is constant at Eo, if E < Eo. 
b. Prove that, if E > Eo, the nth step is given by Aen = - [(E - Eo)Cd(C1 + C2)]. 

c. If E = 3.0 volts, Eo = 1.0 volts, and C1 = C2, draw the waveforms at the input, 
at the junction of the two diodes, at the grid, and at the output. 

11-16. Consider the bootstrap storage counter of Fig. 11-28. The cathode follower 
has a gain A < 1. Assume that the grid voltage starts at a value Epi and that the 
grid base of the triode is zero. 
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a. Prove that the voltage after the nth pulse is 

en = 1 ~ A - (1 ~ A - E oi ) xn 

"lVhere X = 1 - (1 - A)[Cd(C1 + C2 )]. 

b. Prove that if the gain A approaches unity, then the above expression for en 
reduces to en = Eoi + nECd(C1 + C2). Interpret this equation physically. 

c. If E = 100 volts, Eoi = 0, and C2 = 9C1, find the size of the first and eleventh 
steps in voltage. Compare these values with those obtained if no feedback is used. 

11-17. The capacitor C2 is shunted by a resistor R in a storage counter in order 
to convert the circuit into a frequency or capacitance meter. The pulse amplitude 
is E. The pulse width is small compared with the interval T = l/f between pulses. 
Prove that the average output voltage under steady-state conditions is given by 

Edc 
ERCd 

If C2 » C1 and RCd « 1, show that the above relationship reduces to Eq. (11-15). 
11-18. The circuit shown is used as a simple capacitance meter. The voltmeter 

resistance is R. 
a. Prove that the average output voltage is Edc = RCfE(1 - f-T2iRC ), where f is 

the frequency of the input waveform. 

CD n 

ei D~~ 
voltmeter 

PROB.11-18 

b. If RC« T 2, prove that the voltmeter may be calibrated to read directly in 
capacitance values. 

c. The voltmeter has a 50-tta movement and its resistance is 10 K. The pulse­
generator duty cycle is TdT = YIo. Choose T = lORC. To what value must the 
pu~se amplitude E be adjusted? " 

d. Range switching is accomplished by cha"nging the frequency of the pulse gen­
erator without changing its duty cycle or amplitude. Find the generator frequency 
for a full-scale meter reading of (a) 1,000 ttttf, (b) 0.01 ttf, and (c) 0.1 ttf. 

11-19. It is desired to store a voltage on a capacitor C and to "read out" through a 
cathode follower. 

a. If C = 0.01 ttf and the voltage across the capacitor is 50 volts, how much grid 
current can be tolerated if the voltage is to change by no more than 0.1 per cent in 
1 sec? 

b. What is the effective leakage resistance across C in (a)? 

CHAPTER 12 

12-1. a. By proceeding as in Fig. 12-2, verify the synchronization results depicted 
in Fig. 12-3. 
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b. Show that the dividing curve between 'l'./'Pp = nand 'l'./1'p = n + 1, where n 
is an integer, is given by n1'p/'1'o = 1 - Ep/ E.. Obtain this result by considering the 
geometry of Fig. 12-2. 

12-2. A free-running thyratron sweep has an amplitude of 100 volts and a period 
of 1,200 ,usec. If G-volt pulses at a frequency of 4,000 cps arc applied to the grid 
of the thyratron, what arc the amplitude and frequency of the synchronized wave­
form? Assume a thyratron grid-control ratio of 8. 

12-3. a. A free-running thyratron sweep has an amplitude of 100 volts and a 
frequency of 1 kc. If 2-volt pulses arc applied to the grid, over what range may the 
pulse frequency be varied to obtain 1: 1 synchronization? Assume that the thyratron 
grid-control ratio is lO. 

b. If 5: 1 synchronization is to be obtained (fp/f. = 5), over what range of frequency 
may the pulse source be varied? 

12-4. Show that if pulses from a high-impedance source are applied to one grid 
of a symmetrical multi, such that 1.5'1'0 < '1'p < 2'1'0' then the output will consist of 
adjacent cycles which are not alike. 

12-6. A symmetrical astable multi has a free period of 1,000 ,usec. The grid wave­
form drops from ground potential to -110 volts abruptly and then increases linearly 
to the cutoff voltage of -lO volts in one-half cycle. Positive pulses whose spacing is 
150 ,usec are applied from a high-impedance source to one grid. Calculate the mini­
mum amplitude of the pulses such that the multi period after synchronization is (a) 
900 ,usec and (b) 600 ,usec. 

12-6. A symmetrical astable multi whose free-running frequency is 500 cps has a 
plate swing of 110 volts and a cutoff voltage of -lOvolts. Positive pulses of amplitude 
4 volts are applied from a high-impedance source to one grid. Assume that the 
exponential portion of the grid waveform is linear. 

a. If 1: 1 synchronization is to be obtained, over what range may the pulse fre­
quency be varied? 

b. If 3: 1 synchronization is to be obtained (fp/f. = 3), over what range may the 
pulse frequency be varied? 

12-7. A symmetrical astable multi is synchronized with positive pulses from a 
high-impedance source. Draw a diagram, analogous to Fig. 12-3, showing the range 
of synchronization as a function of pulse amplitude and frequency. 

12-8. Positive pulses from a high-impedance source arc applied simultaneously 
to both grids of a symmetrical astable multi, with fp/fo large, say 8.3. Show that 
as the amplitude of the pulses is increased the synchronized output remains sym­
metrical and that fp/f. is always an even integer. 

12-9. Frequency division of G: 1 is obtained with an astable multi. Negative pulses 
are applied simultaneously to both grids. The off time of T1 is twice that of T 2 • 

Sketch the waveshapes at G1 and G2 showing the superimposed pulses. 
12-10. Positive pulses are applied through a small capacitor to grid 1 of a sym­

metrical astable multi from a low-impedance pulse generator. It is found that the 
time interval required for the complete multivibrator waveform is five times the 
interval between pulses. An examination of the grid waveforms shows that the 
termination of the off period of tube 1 docs not take place at the occurrence of a pulse. 
Sketch the waveforms at both grids and show the pulses superimposed on these 
waveforms. Explain the action of the circuit. 

12-11. A symmetrical multi is synchronized with positive pulses applied to one 
grid through a high-impedance source. The free-running period 'Po = 6.8T p, where 
T p is the period of the pulse source. Make a rough plot of the ratio T./ 1'p as a func­
tion of the pulse amplitude, where T. is the period of the synchronized multi. 
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12-12. a. A monostable multi has a width of 1,200 psec. Negative pulses from a 
4-kc source are applied to one grid. Sketch the resulting grid and plate waveforms. 

b. Positive pulses from a low-impedance 4-kc source are applied to one grid. The 
synchronized multi is now found to have a period of 750 psec. Sketch the resulting 
grid and plate waveforms. 

12-13. a. With respect to Fig. 12-10, assume that Ec and E/ remain constant but 
that Ei is variable. Prove that the per cent change in period To is y times the per 
cent change in Ec - E i , where 

b. The initial level Ei may be taken as zero, with no loss in generality. Why? 
If Ei = 0 and if Ec/E/ « 1, prove that y ~ 2EtI(2E/ + Ec). Note that y - 1 as 
E/ - 00 and that y decreases as E/ decreases. What is the physical interpretation of 
this result? 

c. If Ec = 100 volts, calculate y first for E/ = 300 volts and then for E/ = 150 volts. 
12-14. The sweep circuit of Fig. 12-1 is used as a 3: 1 divider for pulses which occur 

at a 2,iOO-cps rate. The thyratron maintaining voltage is 15 volts, Ebb = 250 volts, 
Ecc = 9 volts, and the grid-control ratio is 8. Find reasonable values for the time 
constant RC and the pulse amplitude Ep. 

12-16. In the resonant stabilization circuit of Fig. 12-11, the waveforms are drawn 
for Ts = 1.5Tk • Plot the corresponding waveforms for Ts = 1.25Tk , T. = 1.501\, 
T8 = 1.75Tk , and T" = 1.0Tk • Keep Ts constant and vary Tko Discuss these plots. 
Which condition would you use to stabilize a free-running blocking oscillator (no 
sync pulses)? 

12-16. a. Will the circuit of Fig. 12-11 be satisfactory if the counting ratio is 
changed from 6? For example, consider counting ratios of 3, 4, 12, and 24. 

b. In (a) T. = 1.5Tk • Consider now Ts = 2.5Tk , and discuss the circuit as a 
divider. Choose counting ratios of 3, 4, 6, 12, and 24. Compare with (a). 

c. Extend the discussion in (b) to the case T. = (n + H)Tk , where n is any integer. 
12-17. Consider the resonant stabilization circuit of Fig. 12-11. The blocking­

oscillator pulse width is 1 psec and the peak tube current is 0.5 amp. The grid wave­
form drops to -100 volts and decreases toward zero with a time constant of 100 psec. 
The cutoff voltage is -10 volts. The pulse frequency is 100 kc and the counting 
\'atio is 10: 1. 

Find (a) Ck if Eo = 20 volts, (b) Lk if T. = 1.5Tk , (c) the minimum pulse amplitude, 
and (d) the maximum pulse amplitude. 

12-18. Repeat Prob. 12-3 for synchronization with a sine wave of 2-volt peak-to­
peak amplitude. 

12-19. Repeat Prob. 12-6 for synchronization with a sine wave of 8-volt peak-to­
peak amplitude. 

12-20. Verify Eq. (12-5). 

CHAPTER 13 

13-1. The OR circuit of Fig. 13-6a uses 5965 tubes with Ebb = 250 volts, Ecc = 10 
volts, and R = 50 K. The pulse amplitude is 10 volts. Find the output amplitude 
if (a) one input is excited and (b) two inputs are excited. (c) Repeat (a) and (b) for 
the circuit of Fig. 13-6b and a pulse amplitude of 100 volts. 

13-2. a. In the diode AND circuit with Ebb> E, prove that the time T for the 
output pulse to rise to its full value E is 
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Ebb 
T = RColn-E E 

bb -

where Co is the output capacitance. See Fig. 13-9b. 
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b. If the capacitance Cd of each diode is taken into consideration, prove that the 
output waveform has an abrupt jump E' in voltage given by 

E' = nCdE 
Co + (n + l)Cd 

13-3. The two-input AND circuit shown uses diodes whose forward resistance is 
500 ohms. The quiescent current in 1'0 is 6 ma, while the currents in 1'1 and 1'2 are 
each 4 rna. 

a. Calculate the quiescent output voltage eo and the values of Ro and R. 
b. Calculate the quiescent output voltage when one input diode is cut off. Calcu­

late this result approximately by assuming that the currents through Ro and the 
remaining input diode do not change. Also calculate the result exactly. 

c. Assume that diode To is omitted, that the currents in 1'1 and 1'2 remain 4 ma 
each, and that the output eo is the same as that found in (a). Find Ro and R. 

d. If the conditions are as indicated in (c) but one of the diodes is cut off, find the 
output voltage eo. Compare with the result (b) when To acts as a clamp. 

o +20v 

O~------~r----~~~~--~---o 

-150v 
PROB.13-3 

-.J 
I 
I 
I 

PROB.13-4 

13-4. a. The input signals shown are applied to the circuit of Prob. 13-3. Each 
signal has a peak-to-peak value of 30 volts. Neglect capacitances and assume zero 
diode forward resistance. Draw the output waveform and label each voltage level. 

b. Repeat (a) for the case where e1 is 10 volts peak to peak and e2 remains at 30 volts 
peak to peak. 

13-6. Consider two signals: a 1-kc sine wave and a 10-kc square wave. The peak 
sine wave voltage exceeds the peak-to-peak square-wave voltage. Sketch the output 
if the inputs are applied to an (a) OR circuit and (b) AND circuit. 

13-6. Solve Prob. 13-5, if the peak sine-wave voltage is less than the peak pulse 
voltage. 

13-7. Consider the diode AND circuit of Fig. 13-10, and assume ideal diodes. 
During the pulse duration the input capacitor will charge and this will result in a tilt 
in the pulse waveform at the input to the diode. 

a. Prove that the effective resistance through which C is charged is ERk/(E + E cc ), 
where E is the pulse amplitude. Note that if Rk = 16 K, E = 10 volts, and Ecc = 150 
volts, this effective resistance is only 1 K. 

b. If no more than a 10 per cent tilt is to result, what is the minimum allowable 
value of C for a 20-,usec wide pulse? 
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13-8. Find Eo and EI if (a) there are no pulses at either A or B, (b) there is a 30-volt 
positive pulse at A or B, and (c) there are positive pulses at both A and B. (d) What 
is the minimum pulse amplitude which must be applied in order that the circuit oper­
ate properly? Assume zero diode forward resistance. 

20v 

(a) 

A 71 2K 
O~-----;Ir-----~~ __ ~ 

(b) 
1 K E} Eo 

-15 v To (d 

I~c 
1 K n n r 

T2 Cd) 

B 
o 

1 K - l n n 
-15v ( e ) 

PRoB.13-8 PROB. 13-10 

13-9. A, B, and C represent the presence of pulses. The logical statement­
A or Band C-can have two interpretations. What are these? 

In block diagram form draw the circuit to perform each of the two logical operations. 
13-10. A regular sequence of triggering pulses is available as in (a). It is required 

that these pulses be used to generate the gating waveforms of (b), (c), (d), and (e). 
Each of these four gating waveforms is to be separate, that is, available from a separate 
set of terminals. The time duration of the gate waveform is to be the same as the 
interval between pulses. The gates are to occur in sequence as shown. 

One possible circuit for generating these waveforms may be arrived at as follows: 
Let the pulses drive a scale-of-4 circuit consisting of two binaries. Draw the wave­
forms at the four plates of the multis, and show that these waveforms may be com­
bined in four coincidence circuits to give the required result. 

13-11. Given three inputs to a circuit. A pulse is to be obtained from the output 
if any two of the three inputs are excited with a pulse. No output is to be obtained 
for any other combination of inputs. Draw a block diagram of the circuit to perform 
this logical operation. 

13-12. In block diagram form draw a circuit to perform the following logical oper­
ation: If pulses AI, A 2, and Aa occur simultaneously or if pulses BI and B2 occur 
simultaneously, an output pulse should be delivered, provided that pulse C does not 
occur at the same time. No output is to be obtained if AI, A 2, Aa, B I, and B2 occur 
simultaneously. 

13-13. A single-pole double-throw switch is to be simulated with AND, OR, and 
INH I BITOR circuits. Call the two sig-

ao-o-----_~ nal inputs a and b. A third input c re-
c=1 ceives the switching instructions in the 

_ form of a code: 1 (a pulse is present) or 0 
//:>------00 Output (no pulse exists). It is desired that c = 1 

/~=O sets the switch to a and c = 0 sets the 
bo---_~ switch to b, as indicated schematically. 

PROB. 13-13 In block diagram form show the circuit 
for this switch. 

13-14. In block diagram form draw a circuit which satisfies simultaneously the 
conditions (a), (b), and (c) as follows: 
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a. An output pulse' is delivered if any pair of input pulses AI, A 2, and A3 is present, 
provided that pulse B is also present. 

b. An output pulse is delivered if B is absent, provided that anyone of the pulses 
AI, A 2, or A3 are present. 

c. No output pulse is delivered if AI, A 2, and A3 are all present. 
13-16. In block diagram form sketch a 2:1 divider circuit for a train of regularly 

spaced pulses. As basic building blocks use AND, OR, INIIIBI'l'OR circuits 
and/or delay lines. 

13-16. In the SEAC package of Fig. 13-17, there is a complete coincidence at one 
of the AND circuits. Calculate the voltage to which the grid of the 6AN5 tube 
would be driven if the grid were not clamped to +2 volts. 

13-17. A continuous train of regularly spaced pulses is applied to the input of the 
dynamic binary counter of Fig. 13-29. Draw the pulse trains at the output (B) of each 
stage of the counter. Compare these waveforms with the corresponding waveforms 
of the static binary counter of Fig. 11-2. Consider 16 input pulses. 

13-18. Construct a dynamic binary counter, using the circulating storage circuit 
of Fig. 13-28b as a basic building block. 

13-19. For the one-bit storage circuit of Fig. 13-32 draw the waveforms at (a) 
the input, (b) the erase terminal, (c) the junction of the OR and p. unit, and (d) the 
junction of the OR and INHIBITOR block. 

13-20. Two stages of a NORC binary counter are indicated. Explain the opera­
tion of the circuit. Assume a continuous train of 1 Mc pulses, and sketch the output 
waveforms of each stage. 

L--___ --I..,....~--o Input 

PROB.13-20 

13-21. a. The NORC AND circuit is indicated. Assuming zero diode forward 
resistance R" explain the operation of the circuit. 

b. Assume R, = 1 K for the remainder of this problem. Find the grid voltage 
and the output voltage if all inputs are low (-25 volts). 

c. Repeat (b) if all inputs are high (+10 volts). 
d. Find the grid voltage if el is high, but e2 and e3 are low. 
e. Find the grid voltage if el and e2 are high but ea is low. 

+ 150v 

+lOn 
-?5 v el 

~(5965)' 

-82v 
PROB.13-21 
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13-22. a. The NORC OR circuit is indicated. Assuming zero diode forward 
resistance R" explain the operation of the circuit. 

b. Assume Rf = 1 K for the remainder of this problem. Find the grid and output 
voltages if all inputs are low (-25 volts). 

c. Repeat (b) if one input el is high (+10 volts) and the others are low. 
d. Find the grid voltage if el and e2 are high but ea is low. 
e. Find the grid voltage if all three inputs are high. 

- 82v 
PROB.13-22 

13-23. Construct in block diagram form a half adder-subtractor based upon the 
EXCLUSIVELY-OR circuit of Fig. 13-25a. 

13-24. In the adder circuit of Fig. 13-36 consider A and B as pulse trains represent­
ing (in binary notation) the decimal numbers 7 and 3, respectively. Trace the pulses 
through the circuit, and observe where each carry pulse originates. Demonstrate 
that the output is the sum A + B. 

13-25. Construct a full subtractor from two half subtractors. Consider two input 
pulse trains A and B representing (in binary notation) the decimal numbers 8 and 3, 
respectively. Trace the pulses through the circuit, and observe where each borrow 
pulse originates. Demonstrate that the output is A-B. 

13-26. The circuit shown is a complete adder which is not composed of half adders. 
The delay line D has a delay equal to the time between pulses. Prove that C is the 
carry line and that S = A + B. 

A 
B 

A 
B 

A 
B 

B 

A 

t-~--oS 

~------------------~--~-oc 
PROB.13-26 
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13-27. The circuit shown is the SEAC adder and is not composed of half adders. 
The delay D is equal to the time between pulses. Prove that C is the carry line and 
that S = A + B. 

c 

PROB. 13-27 

13-28. The equality comparator of the SEAC computer is indicated. The pulse 
trains A and B represent the numbers to be compared. The delay D is equal to the 
time between pulses. A priming pulse T occurs before the first pulses of A and B. 
Verify that after the last pulses of A and B have appeared, a pulse is emitted at C if 
and only if A and B are identical. 

c 

PROB. 13-28 

13-29. a. The two-stage cyclic counter of the SEAC computer is indicated. The 
input pulse train is applied at the points marked A. The delay D is equal to the 
time between pulses. Verify that the circuit functions as follows: With dynamic 
binaries Bl and B2 in state 0, the next pulse at A puts Bl into state 1. With Bl 
in state 1 and B2 in state 0, the next pulse at A puts B2 into state 1. With both 
Bl and B2 in state 1, the next pulse at A puts Bl in state O. With Bl in state 0 and 
B2 in state 1, the next pulse at A puts B2 in state 0, etc. 

b. If the pulse train at A is 110101001, what are the pulse trains at P 1 and at the 
output of B2? (See Fig. 13-2.) 
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PROB.13-29 

13-30. Prove that an N -position code-operated switch requires N logz N diodes. 

E-=-

PROB. 13-32 

+ 
E~ 

13-31. Draw a schematic diagram of an eight­
position code-operated switch. Use single-pole 
double-throw switches as in Fig. 13-38. 

13-32. A digital-to-analogue converter is indi­
cated. The resistance values Rn are proportional 
to the binary numbers 2n. Switches S~ and Sn are 
controlled from the relay representing the number 2n 

and are in position 1 if this relay is excited. The 
input E is a d-c voltage. 

a. Prove that Eo is a voltage proportional 
to the binary number to which the relays are 
excited. 

b. What does E~ represent? 

CHAPTER 14 

14-1. Explain how to modify the gate of Fig. 14-2 if the input pulses are negative. 
14-2. The gates in Fig. 14-5 are of the type indicated in Fig. 14-2. The input 

pulses are extremely narrow, are 20 volts in amplitude, and occur at a 2-Mc rate. 
The control voltage makes a transition from -35 volts to zero volts in negligible time, 
and the output impedance of this control input is 500 ohms. The total capacitance 
shunting the output of the gate is 10 /-L/-Lf and RL = 10 K. 

a. If no more than 2 volts of the signal input is to be fed back into the control 
circuit, what is Rl? 

b. What is a reasonable value for C1? 
c. What is the amplitude of the output pulse? 
d. Should the time constant R1Cl be the same for each of the gates Go, Gl , Gz of 

Fig. 14-5? 
14-3. Consider a gate having the same specifications as in Prob. 14-2, and calculate 

the amplitude of the output pulses, if Rl and C l have the following values, respectively: 
(a) 2.5 K, 50 /-L/-Lf; (b) 2.5 K, 100 /-L/-Lf; (c) 10 K, 10 /-L/-Lf; (d) 10 K, 100/-L/-Lf. 

14-4. a. A threshhold gate which is 
enabled by anyone of a number of control 
inputs is indicated. The control signal 
levels are zero and -50 volts. Explain es 
the operation of this gate. 

b. Each control-source impedance is 1 K 
and the load impedance is 10 K. The 
maximum allowable current which may be PROB.14-4 
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drawn from a control source is 1 rna. The gate is to be closed within 1 JLsec after a. 
control voltage changes from zero to -50 volts. The signal input is a lO-volt pulse. 
The capaeitunce across the output is 15 JLJLf. Find R I • 

c. Find the maximum value of CI . 
d. How soon after a control voltage changes from - 50 volts to zero will the gate 

be open, if CI = 25 JLJLf? 

c. Only one control input is enabled. Find the peak output voltage, if G\ = 25 JLJLf. 

f. Repeat (c) if all four control inputs are at zcro volts. 
14-5. The circuit shown represents the essential elements of a reversible counter 

(sec Sec. 11-6). The binaries B o, B I , etc., constitute the counter and Be is a control 
binary which determines whether the counter adds or subtracts. The combination 

To section a 
of all counter ~-------if-'" 

binaries 

Subtract 
pulse 

(--;tinput 
of next 
binary Bl 

To section b 
t-t---~ of all counter 

PRon.14-5 

Add 
pulse 

binaries 

R I , CI , R2 and the diode constitute a threshold gate which is repeated in each binary 
circuit. The two output levels of each binary are zero and +70 volts, respectively. 
The combination CIRI differentiates the square-wave output from the counter 
binaries. 

a. Explain the operation of this reversible counter. 
b. If the pulses to be counted occur at a 2-Mc rate, what is the order of magnitude 

of the time constant RlCI ? 
c. The output impedance of the control binary is 500 ohms. If no more than 

10 per cent of the voltage step at a counter binary is to be fed back to the control 
binary, what is Ill? 

d. If C2 is the shunt capacitance across R 2, explain why R 2C2 should be of the order 
of magnitude of 0.5 JLsec. 

14-6. In Fig. 14-8, C = 200 JLJLf, RL = 100 K, Ebb = 30 volts, and the control 
voltages come from binaries whose two stable levels are +30 and -20 volts, respec­
tively. The signal input is a 20-volt pulse and the output is to be an 18-volt pulse. 
The gate is to be energized within 60 JLsec after all binaries reach the 30-volt state. 
Neglect all stray capacitances. The resistor ilL is connected to a bias voltage E' 
instead of to ground. Find (a) E ', (b) Il, and (c) the maximum allowable value of R'. 
(d) Calculate the voltage at A if 0, 1, 2, or 3 of the binaries are in the 30-volt state. 

14-7. In the transmission gate shown the signal c. is a I-Mc pulse train whose 
pulses are 0.1 JLsec wide. The control voltage Cc is a pulse train occurring at a slower 
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rate whose pulses are 0.2 ,""sec wide and are timed as indicated. The diode T2 is 
necessary to reduce the fall time at point A when a pulse is present in ee. Diode 

+50 v T3 and 50-volt supply are used for clamp­

+30v 

PROD. 14-7 

before the next pulse of e •. 
condition is satisfied. 

ing so as to provide the proper d-c levels. 
The capacitance of C2 is much larger than 
that of Ct. 

a. Sketch the waveform at A i: a pulse 
eo is present in e3 but not in ee. Indicate 

voltage levels and explain. 
b. Sketch the waveform at A if a pulse 

is present in ee but not in e3 • Explain. 
c. Sketch the waveform at A if there is a 

coincidence of pulses at e3 and ee. Sketch 
the output waveform. 

d. If there is to be no more than a 20 
per cent capacitive attenuation through the 
gate, what is the minimum value of C I ? 

e. After a control pulse occurs the voltage 
at A must return to its quiescent value 

Find the maximum value of R for which the above 

f. If the voltage across C2 is not to change by more than 1 volt, find C2• 

g. Find the tilt in the output pulse. 
h. If the amplitude of the pulses of ea varies between 40 and 60 volts, indicate how 

to modify the circuit so that it will continue to operate properly. 
14-8. In Fig. 14-10b, Eee = 0, Ebb = 300, RL = 5 K, Rk = 15 K, and the tube is a 

6SN7. The signal e3 is a sinusoid whose peak value is 10 volts. 
a. For proper operation of the circuit, what are the minimum values of E2 and EI? 
b. What is the pedestal voltage? 
c. What are the maximum and minimum output voltages? 
d. Plot the output waveform, assuming that the width of the control voltage pulse 

equals 2 cycles of the signal voltage. 
14-9. Consider the two-diode gate of Fig. 14-14. A diode back resistance Rb is 

very much larger than any other resistance in the circuit. The leakage L is defined 
as the change in output voltage per unit change in signal input during the interval 
when the bridge is nonconducting. If capacitances are neglected, prove that 

L~2RL~ 
- Rb Rc + R2 

14-10. Consider the two-diode bridge of Fig. 14-14 in which there is an unbalance 
in control voltages so that eel ~ ee2. 

a. If the average control voltage is ea == (eel + ee2) /2 and the unbalanced control 
voltage is eu == eel - ee2, prove that eel = ea + eu /2 and ee2 = ea - eu /2. 

b. The unbalance U is defined as the change in output voltage per unit change in 
unbalance voltage. If R. and R/ are neglected, prove that 

U = (2 + Re + 2Re)-1 
RL R2 

HINT: Note that in Fig. 14-17 points A and B are at the same potential as far as the 
unbalanced voltage is concerned. 

c. What percentage of the unbalanced voltage appears across the output of tho 
bridge whose parameters are given in Sec. 14-10. 
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14-11. Verify Eq. (14-10) as follows: Assume that Tl and T2 are back-biased 

and that 'P3 and 'P4 are conducting. Then calculate the currents in T3 and '1'4 due 
to E, E., and En separately. The minimum value of En is then found from the con­
dition that the resultant current must flow in the forward direction in '1'3 and '1'4. 

14-12. Prove Eq. (14-12). HINT: If Rand R, are much less than RL and Rc, 
then points PI, P2, P 3, and P 4 in Fig. 14-22a are all approximately at ground potential. 

14-13. a. Prove that the exact expression for the gain A of a six-diode gate is 

A = [1 + R, + R. + R/4 + 2R. + R, + R/2 (1 + ~)J-l 
RL Re 2RL 

HINT: To Fig. 14-22b add R" R, and R., and note that points l\ and P z are at the 
same potential. 

b. Find the numerical value of A if RL = Re = 100 K, R = R. = 1 K, and 
R, = 0.25 K. 

14-14. There will be some leakage through the diode gates of Figs. 14-14, 14-20, and 
14-21 because of the shunt capacitances. Assume Cd = C. = 5 ILJ.tf and Co = 10 ILJ.tf. 

The other circuit parameters are given in the text. Find, approximately, for f = 1 Me 
the percentage of the signal voltage which leaks through the capacitances to the output 
for (a) the six-diode gate, (b) the four-diode gate, and (c) the two-diode gate. 

14-16. a. Prove that the signal source input impedance to the four-diode gate of 
Fig. 14-20 is approximately Rd2 + ReRL/(Re + 2RL) if the bridge conducts and is 
R. + Rd2 + R,/2 if the bridge is nonconducting. The resistance R. is that of the 
signal source. 

b. Prove that the signal source input impedance to the six-diode gate of Fig. 14-21 
is approximately ReRL/ (Re + 2RL) if the bridge conducts and is Rb/2 if the bridge 
is nonconducting. 

Note that the nonconducting impedance may be quite small for the four-diode 
gate, but is very large for the six-diode gate. 

14-16. a. Prove that the control source input impedance to the four-diode gate 
of Fig. 14-20 is approximately Rb and R, + R 2, respectively, for the conducting and 
nonconducting states of the bridge. 

b. Prove that for the six-diode gate of Fig. 14-21 the impedances in (a) are Rb and 
Re, respectively. 

14-17. Verify Eq. (14-21). 
14-18. Verify Eq. (14-22). 
14-19. In Fig. 14-33, Ebb = 250 volts and the tube is a 12AU7. Find the voltage 

to which the output is clamped during the positive excursion of the control voltage. 

CHAPTER 16 

. 16-1. Verify Eqs. (15-2) and (15-3). 
16-2. The input to the comparator of Fig. 15-2 is a 400-cps sinusoid whose peak 

value is 40 volts. The reference level En = O. The amplifier gain is 10 and 

Tl = T2 = 100 ILsee 

What is (a) the initial slope of the output pulse and (b) the peak value of the output': 
(;) If Tl = 100 J.tsec and T2 = 10 J.tsec, what is the peak value of the output? 

16 -3. a. If, iii Fig. 15-2, the time constant T2 = R 2C2 is much smaller than 

prove that the maximum value of the output eIIlAX is approximately given by AaT? 
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b. If the second differentiation is obtained from a peaking coil L in the plate circuit 
(instead of using R 2C2), prove that emax ~ gmLa. 

c. The circuit uses a 12AU7 tube and has the following parameters: RI = 100 K, 
C1 = 500 JLJLf, a = 105 volts/sec, and L = 10 mho Verify that 72 «71. Evaluate 
emax • 

d. In order to increase the output pulse a second stage of amplification is added 
and L is replaced by a transformer. Sketch the circuit. Indicate the transformer 
winding polarities. 

15-4. Tha negative sweep voltage from a phantastron is used as the input to a 
comparator consisting of a. pick-off diode followed by an amplifier. It is desired that 
the output be a step (rather than a pulse). Sketch (a) the circuit and (b) the input 
and output waveforms. (c) What is the initial slope of the output step? (d) What 
determines the total time duration of the front edge of the step? 

15-5. A single triode used as a comparator is operated at cutoff. The heater 
voltage changes so that there is equiva.lently a voltage change !lEll in series with the 
cathode. Show that the output voltage will change by an amount which is equivalent 
to a change !lei in the signal input to the grid, where 

This result shows that filament voltage changes may be troublesome. 
15-6. In the difference amplifier of Fig. 15-9 the heater voltage changes so that 

there is equivalently a voltage change !lEu in series with each cathode. Show that 
the output voltage will change by an amount which is equivalent to a change !lei 
in the signal input to the grid, where 

provided that (JL + l)Rk » rp. 

!lei ~ !lEJl 
gmRk 

15-7. How are the waveforms of Fig. 15-11 modified if the critically damped trans­
former has a decay time which is large compared with CRRg/(R + Rg)? 

15-8. a. If instead of R e, a damper diode is used in the multiar circuit of Fig. 15-10 
across the transformer winding in the cathode of the amplifier, should the plate 
or cathode of the diode be placed at the cathode of the amplifier? 

b. Explain the operation of the circuit with the damper diode. 
C. What is the advantage of using a damper diode over a damping resistor? 
15-9. In the multiar circuit of Fig. 15-10, Ebb = 400 volts, Rg = 2 Meg, and 

Cg = 50 JLJLf. The amplifier grid base is 10 volts. The transformer turns ratio is 
2: 1. The output pulse at the cathode has a peak value of 40 volts. The input is a 
negative-going sweep whose amplitude is 100 volts and whose slope is 1 volt/JLsec. 
What is (a) the minimum value of C, (b) the minimum value of R, and (c) the highest 
repetition rate at which the circuit will operate properly? 

15-10. In the multiar circuit of Fig. 15-10 the input is zero and ER = O. 
a. Show that continuous oscillations result. Sketch the waveforms at the grid, 

plate, and cathode of the amplifier. Assume that the diode is ideal with its break 
at a voltage of -0.5 volts. 

b. Repeat (a) with a sinusoidal input voltage which has an amplitude which is 
much greater than the grid base of the amplifier. 

C. Repeat (b) with an input sinusoidal voltage whose amplitude is less than the 
grid base. 

15-11. If the transformer in the multiar circuit of Fig. 15-10 is allowed to ring, show 
that multiple pulses of the type indicated in Fig. 15-13 may be obtained. Explain. 
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16-12. An attempt is made to use the multiar circuit for positive-going input wave­
forms. The polarity of the diode T1 and of En is reversed. The resistor Rg is con­
nected to a negative voltage within the grid base of the amplifier instead of to the 
voltage Ebb. Explain the operation of the circuit and show that multiple pulses of 
the type indicated in Fig. 15-13 will take place. Assume C so large that the voltage 
across it may be considered constant. 

16-13. Show that a multiar circuit may be compensated for changes in filament 
temperature by shunting R in Fig. 15-10 by a diode. 

16-14. a. For the a-c coupled multivibrator comparator of Fig. 15-15, show that a 
change in heater voltage is equivalent to a change in input signal D.c. given by 

where !:J.EII is the effective change in voltage in series with the cathode due to the 
change in filament temperature. 

b. Assume a 10 per cent change in filament voltage, RL = Rk = 100 K, and that 
the tube is a 12AX7. Find D.c,:. 

16-16. a. For the a-c coupled multivibrator comparator of Fig. 15-15, show that a 
slowly varying change D.Ecc in the negative supply is equivalent to a change in input 
signal D.c,: given by 

b. For a slowly varying change D.Ebb in the positive supply, show that 

c. Evaluate D.c,: in (a) and (b) if the tube is a 12AX7 with RL = Rk = 100 K for a 
O.l-volt ehange in either supply voltage. 

16-16: Find the expressions for D.c,: in (a) and (b) of Prob. 15-15 if the frequency of 
the power supply variations is high enough so that these changes pass through the 
capacitor C. 

16-17. a. In the storage counter circuit of Fig. 15-17 the grid-control ratio = 8, 
Ebb = 250 volts, tube drop = 15 volts, input pulse height = 50 volts, C2 = lOC1, 

R = 1 Meg, and C = 1,000 p,p,f. If the circuit is to function as a 5: 1 counter, what 
is the value of E? 

b. ·What is the peak value of the output pulse? 
16-18. Explain how d-c restoration is suppressed by the circuits shown. In (a) 

the resistance R is much larger than the diode forward resistance or the grid-to­
cathode conducting resistance. In (b), R« Rg. 

(a) (b) 
PROB.15-18 
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16-19. The cathode-coupled clipper of Fig. 15-20 uses a 12AX7 with Ebb = 300 volts, 
RL = 50 K, Rkl = 100 K, and Ecc2 = 56 volts. 

a. Find the value of Eccl which will cause the circuit to clip symmetrically. 
b. At what input signal amplitude will the output start being clipped? 
c. What is the peak-to-peak value of the output? 
d. What is the gain in the region of linear operation? 
e. For what input signal amplitude will Tl start drawing grid current? 
16-20. Verify Eq. (15-10). 
16-21. In the circuit of Fig. 15-22 the 12AX7 and the associated elements in the 

cathode of 1\ are replaced by a 2-Meg resistor. 
a. By what factor is the common-mode rejection ratio divided over that of the origi­

nal circuit? 
b. The dynamic cathode impedance of Tl in Fig. 15-22 is 47 Meg. Is it possible 

to use a 47-Meg resistor in place of the 12AX7 tube in the cathode of Tl? 
16-22. In Fig. 15-22 the filament voltage of the 12AX7 changes by 10 per cent. 

This is equivalent to a O.l-volt battery in series with the cathode of the 12AX7. 
a. Calculate the change in output voltage due to this change in filament voltage. 
b. This filament voltage change is equivalent to an input signal change of Aei. 

Calculate Aei. 
c. If the 5651 maintaining voltage drifts by 0.1 volt, calculate the equivalent 

change Aei in input signal. 
d. The filament voltage of the 5755 changes by 10 per cent. Calculate the equiv­

alent change Aei in input signal. 

CHAPTER 16 

16-1. Verify Eq. (16-2). 
16-2. Verify (a) Eq. (16-3) and (b) Eq. (16-4). 
16-3. Verify Eq. (16-8) for (a) p = 3 and (b) p = 4. 

/ 

L 
c 

16-4. In the induction resolver circuit in-
dicated, the rotor current is i = 10 sin wt, 
wRC = 1, and the impedance of Rand C in 
series is large enough not to load down the 
stator windings appreciably. If the mutual 
inductances between rotors and stator wind­
ings are M cos () and M sin (J, respectively, 
prove that the output is given by 

E wMlo • ( ?r) 
0= V2 sm wt+O+'4 

PRoB.16-4 

16-6. a. The load on a sine potentiometer 
is RL. If R is half the total potentiometer 
resistance (the resistance to ground), prove 

that output voltage will differ from E sin (J by P per cent where 

p = 100x 
l+x 

and x = ~ (sin 0)(1 - sin 0) 

b. Prove that the maximum error Pmax occurs at (J = 30° and is given by 

25R/RL 
Pmax = 1 + R/4RL 
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c. If an error of no more than 1 per cent is to be obtained, prove that RL must be 
at least 12.4 times the total potentiometer resistance. 

16-6. Prove that the phase-shifting circuit of Fig. 
16-14 will give four-phase voltages, provided that 
wCIR I = wC2 R 2 = 1. 

16-7. Prove that E l , E 2, and E4 of Fig. 16-14 arc 
three-phase voltages, provided that wCIR l = 1/0 
and wC2 R 2 = 0. 

16-8. Prove that EI and E2 arc two-phase voltages, 
provided that wL = Ilk and wRC = 1. 

CHAPTER 17 

17 -1. A sine-cosine potentiometer is excited un­
symmetrically by grounding one input and applying 
a d-c voltage E to the other input terminal. 

a. Show that two of the outputs are HE(l + sin 0) 
and ~~E(1 - sin 0). Note that these voltages are 
always positive. 

R 

c 

PROD. 16-8 

b. Show how a push-pull sweep, kt sin 0, can be obtained from the above outputs 
by using a difference amplifier. 

R1 R2 

- Y 
M 

c 
R + Oi L1 L2 

L-______ ~--~~ 

PROB. 17-2 

where 

17 -2. The equivalent circuit of an induc­
tion resolver is indicated. The symbols 
have the usual meaning in connection 
with a transformer. If the output of 
the resolver is to be a linear sweep voltage, 
eo = Mkt, show that the input voltage ei 
must have the form 

where L = L2 - (M2/L l ) and oCt) is the unit impulse defined in Sec. 8-1. 
17 -3. In the preresolution sweep circuit of Fig. 17-27 the resistor RD may be 

replaced by a diode if two bootstrap generators are used. One of these generators 
gives ,\ positive X sweep and the other a negative X sweep. Draw the complete 
circuit for the X channel, indicating how the positive and negative sweeps are added 
together, and show any synchronized clamps or d-c restorers needed. 

17 -4. Given a PPI indicator with a resolved voltage sweep. It is desired to simu­
late a radar echo at a fixed position XA and VA. This means that as the sweep passes 
through the point XA, lJA, a pulse is generated and it is used to brighten the trace. 
The coordinates XA and YA arc available as d-c voltages. Design a system (in block­
diagram form only) for this radar simulator. 
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CHAPTER 18 

18-1. a. Prove that the dynamic forward resistance of a semiconductor junction 
diode varies inversely with the current. 

b. Evaluate the dynamic resistance at a current of 1 ma and at room temperature 
(25°C). 

18-2. Verify the transformation equations in Table 18-1. 
18-3. a. Show that Eq. (18-12) correctly represent a transistor in the grounded­

base configuration, provided that the resistance parameters ru, etc., are given by 
Eq. (18-13). (Since these resistance parameters refer to the grounded-base configura­
tion they are often written rUb, etc.) 

b. Compute the resistance parameters, rUe, etc., for the common-emitter configura­
tion and the parameters rUe, etc., for the common-collector configuration. 

18-4. When a transistor is used in the 
grounded-emitter configuration, the equiv­
alent circuit of Fig. 18-17 is sometimes 
inconvenient, since the current generator 

o--'\i'V\~_~I---'\ir...Af\r-_I--_C:....0-o"ector in the equivalent circuit is not propor­
tional to the input current which, in this 
case, is the base current. Show then that 
an alternative equivalent circuit may be 
drawn in the form shown. 

rc (I-a) 

Emitter 
PRoB.18-4 

18-6. A set of parameters which is fre­
quently used to characterize a transistor 
in its linear range of operation are the so­
called hybrid parameters hu, etc., which 

are defined in connection with the circuit of Fig. 18-18 by the formulas 

ee = huie + h12ec 

ie = h21ie + h22ee 

a. Compute the values of the hybrid parameters hu, etc., in terms of re, rt), re, and 
a for the grounded-base configuration. (Since the parameters so computed refer to 
the common-base configuration they are often written hUb, h12b, etc.) 

b. In terms of re, rb, re, and a compute the hybrid parameters hue, etc., for the 
common-emitter configuration and hue, etc., for the common-collector configuration. 

18-6. Verify Eqs. (18-14) and (18-15) for Av and Ro. Verify Eq. (18-24) for R i • 

18-7. For the grounded-emitter configuration, compute A v , Ro, and Ri. Compare 
your results with the entries in the second column of Table 18-2. 

18-8. For the grounded-collector configuration, compute A v , Ro, and Ri. Compare 
your results with the entries in the third column of Table 18-2. 

18-9. For each of the three transistor configurations compute the voltage gain 
Av in terms of the transistor parameters and the generator impedance Ro. Compare 
your results with the entries in the first 
row of Table 18-2. 

18-10. Consider a transistor in the com-
. mon-base configuration. Show that, if 
the load resistor RL «re (collector resist­
ance), an approximate equivalent circuit 
may be drawn in the form shown. Re­
member that rb « re. 

18-11. A transistor has parameters 
r. = 25 ohms, rb = 800 ohms, rc = 2 Meg, 

Emitter 

Base 

PRoB.18-1O 

Col/ector 
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and a = 0.g8. It is driven from a generator whose output resistance is Ro = 1,000 
ohms and has n. load RL = 2 K. Compute for the common-emitter and for the com­
mon-base configurations (a) the voltage gain, (b) the current gain, (c) the power 
gain, i.e., the ratio of the power delivered to the load to the power delivered to the 
input terminals of the transistor. 

18-12. Referring to Fig. 18-23, show that the frequency dependence of a can be 
taken into account by considering that ill and i. are related by the equation 

. . + 1 diR 
t. = tIl Wa dt 

(The use of this equation avoids the necessity for making explicit reference to the 
auxiliary RC circuit.) 

18-13. A current step of amplitude II is applied to the base terminal of a transistor 
in the common-emitter connection. Assume that the load resistor is small enough 
to have no effect on the transistor transient response. Compute (a) the output 
current as a function of the time, (b) the rise time of the output current, and (c) the 
time required for the transistor to reach saturation if II is large enough to drive the 
transistor beyond the active region. Compare the results with the entries in Table 
18-4. 

18-14. For the grounded-collector configuration, verify the entries in the third 
column of Table 18-4. 

18-15. Find the response to an input current step 11 under the condition that 
RLCe» l/wa for (a) the common-emitter configuration, (b) the common-collector 
configuration, and (c) the common-base configuration. 

18-16. The a-c resistance between collector and emitter for a grounded-emitter 
transistor switch in the on condition may be computed as 

R = I dEc. I = I d(E; - E;) I 
ae dIe dIe 

where E; and E; are, respectively, the voltage drops across the collector and emitter 
junctions. Using Eqs. (18-41) and (18-42), show that 

Rae = E T [ 1 - aN + 1 - ar ] 
aN Ib - Ie (1 - aN) - leo h + Ie(l - ar) + leo 

Compute Rae for aN = 0.g8, ar = 0.78, Io = 200 pa, leo = 2.0 p,a, and Ie = 4 mao 

18-17. Show that Ie is given approximately by 

HINT: Assume that the collector junction is reverse-biased and that 
the emitter junction is slightly forward-biased. Take advantage 
of the approximations which are allowed because the forward bias 
is small. 

18-18. Find the voltages and currents in the direct-connected 
binary of Fig. 18-34 if Eee = 20 volts and RL = 50 K. 

18-19. Show that the time duration of the quasi-stable state of 
a transistor monostable multi is T ~ RC In 2. 

R 

PUOB.18-17 

18-20. Show that the frequency of a transistor astable multivibrator is 

f rv 1 
=2RCln2 
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FIG. A-2. 6SN7 (6J5) negative-grid characteristics (each section). (Courtesy of the 
General Electric Company.) 
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Acceptor, 550--551 
Acoustical delay line, 414-415, 501-502 
Active clement, 410 
Adder-subtractor, 419-422 
Alpha of transistor, 561, 579, 591-592 
Amplifiers, bandwidth of, 66, 73, 316 

biasing arrangements, 84-126 
cascaded, 74-77, 96-99 
cathode follower (see Cathode follower) 
compensation of, high-frequency, 

67-74, 81-85 
low-frequency, 89-96 

Dietzold compensated, 72-74 
difference, 20-21, 467, 481-483 
distributed, 315-321, 502-503 
equivalent circuit of, 1, 60-61 
feedback, 4-26 

characteristics of, 8-11 
current, 5-8, 21-22, 245-246 
voltage, 4-8 

figure of merit of, 12, 65-66 
flat-top response of, 62-63, 89-90 
input capacitance of, 86 
linearity of, 9-10, 245-246 
multistage, 74-77, 96-99 
operational (see Operational amplifier) 
overdriven, 116, 129-139 
overshoot in response of, 67-74, 76-77, 

98 
paraphase, 18-20 
pulse (see RC coupled, below) 
push-pull, 99-101 
rate-of-rise, 39-40 
RC coupled, 58-77, 81-85, 89-90 

delay in, 59-62 
response of, amplitude, 59-63 

frequency, 59-63, 65 
rise-time, 63-77, 81-85 
step voltage, 63-77, 81-85, 89-93, 

96-99 
transient, 65-77, 81-85, 8U-U3, 96-

99 
tilt in, 63 

resistance-coupled (see RC coupled, 
above) 
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Amplifiers, ringing in, 73 
screen bypass for, 95-96 
series-peaked, 72-74 
series-shunt-peaked, 72-74 
shunt-peaked, 67-74 
smear in, 73 
square-wave testing of, 64-65 
transistor, 573-578 
video (see RC coupled, above) 
wideband (see RC coupled, above) 

Amplitude comparators (see Com-
parators) 

Amplitude-distribution analyzer, 459 
Amplitude response in amplifiers, 59-63 
Analogue-to-digital converter, 491-494 
AND circuit, 397-400, 404-409 
AND-NOT circuit, 411 
Angle marks, 543 
Aspect ratio, 515, 534 
Astable multivibrator (see Multivibrator) 
Attenuators, 77-81 
Avalanche breakdown, 555 

Backlash, 166-172 
Bandwidth, 66, 73, 316, 533-534 
Beam switching tube, 339-343 
Berkeley counter, 153-154, 334 
Biasing arrangements, amplifier, 84-126 

cathode follower, 16 
oscillator, 126 

Binary, 140-173, 425-427, 595-500 
capacitor for (see Capacitor) 
cathode-coupled, 164-172 
cathode interface resistance in, 172-173 
commutating capacitors for, 146-147, 

151-156, 163-164 
dynamic, 415-416 
fixed-bias, 140-144 
magnetic, 425-427 
recovery time of, 152 
regeneration in, 147-149 
resolving time of, 150-156 
self-bias, 144-146 
settling time of, 152 
stable states of, 140-146 
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Binary, transistor, 595-599 
transition time of, 152 
triggering of, 156-164 

symmetrical, 156, 161-164 
unsymmetrical, 156-161 

Binary adder-subtractor, 419-422 
Binary bit, 394 
Binary chain, 323-327, 432-433, 530 
Binary character, 394 
Binary counter, 323-327, 432-433 
Binary numbers, 325-326 
Binary subtractor, 419-422 
Bistable multivibrator (see Binary) 
Bit, 394 
Blanking, 519, 526-527, 532-533 

(See also Intensifier) 
Blocking oscillator, 272-284, 305-307 

amplitude of pulse, 276-278 
applications of, 284 
backswing of, 274, 280-281 
circuits, 272, 281-284 
comparator, 473-474 
damping of, 274 
delay-line control of, 305-307 
equivalent circuits, 275, 278, 280 
monostable, 283-284 
output impedance of, 278, 282 
output terminals of, 282-283 
period of, 281-282, 306-307 
pulse, width of, 278-280, 305-306 
response of, 275-281 
rise time of, 275-276 
switch, 348 
synchronization of, 360, 369-372, 380 
triggered, 283-284 
waveforms, 272-275 

Bootstrap circuit, 215-216, 228-232, 246, 
248, 351, 487-491 

Bottoming, 115, 220-221, 561, 564 
Breakdown in semiconductor, 554-555, 

567-568 
Breakdown diode, 555, 597 
Buffer circuit, 394-397, 404-407 

Cable, circuits to drive, 88-89, 99-101 
Capacitance, barrier, 580-581 

collector, 584-585 
diffusion, 579-580 
input, 65 
meter, 352 
output, 66 

Capacitor for binary, commutating, 146-
147, 151-156, 163-164 

speed-up, 146-147, 151-156, 163-164 
transpose, 146-147, 151-156, 163-164 

Carry time, 416, 432-433 
Cathode-coupled amplifiers, 18-22, 111 
Cathode-coupled binary, 164-172 
Cathode-coupled clipper, 117, 479-480 
Cathode follower, biasing arrangements, 

16 
with cable load, 88-89 
with capacitive load, 138-139 
characteristics of, 17 
circuits, 15-22 

equivalent, 11, 85, 87 
figure of merit of, 12 
frequency response of, high-, 85-89 

low-, 11-17 
gain of, 11, 87 
graphical analysis of, 13-15 
input admittance of, 85 
input capacitance of, 86 
output impedance of, 11, 86 
overdriven, 138-139 

Cathode interface resistance, 101-102, 
172-173 

Character, binary, 394 
Characteristics of tubes (see Tube charac­

teristics) 
Clamp, 110, 114, 119, 153-154, 186-187, 

416-419 
(See also Clamping circuits) 

Clamping circuits, 119-129 
diode, 119-125, 127-128, 453-456 
equivalent circuits of, 121, 124-125, 127 
keyed, 126-129, 447-457 
one-way, 120 
pentode, 125-126 
source impedance in, effect of, 124-125 
synchronized, 126-129, 447-457 
triode, 125-126, 128 
two-way, 128 

Clipping circuits, 111-119,479-480 
base, 111 
bottoming, 115 
capacitance, effect of, 112-113 
cathode-coupled, 117,479-480 
cathode-follower, 115 
cutoff, 113-115 
diode, 111-113, 116-119 
double-ended, 116-117 
grid-current, 113-115 
peak, 111 
pentode, 115-116 
saturation, 115 
temperature compensation of, 117-119 
triode, 113-115 

Clock, 345, 408-409, 416, 510-512 
Coders, 307-308 

multiposition switch, 422-424 
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Coincidence circuit, 397-400, 404-409, 
512 

Common-mode effect, 21, 4GG, 467, 483-
484 

Common-mode rejection ratio, 21, 482 
Commutating capacitor for binary, 14G-

147, 151-156, lG3-lG'1 
Comparators, 458-484 

amplifiers for, 4G4, 4G7, 476, 481-484 
applications of, 458-459 
blocking oscillator, 473-474 
classification of, 459 
cutoff, 465-4G8, 477-479 
diode, 460-465 
gas-tube, 476-477 
multiar, 468-473, 480 
multivibrator, 474-476 
regenerative, 468-476 
for sinusoidal voltages, 477-480 

Compensation, of amplifiers, 67-74, 81-
85,89-96 

of attenuators, 77-81 
temperature, in diodes, 117-119 

Converter, analogue-to-digital, 491-494 
Counters, 323-354 

applications of, 344-346, 352-353 
beam switching tube, 339-343 
binary, 323-330, 335 
decade, 330-334 
Dekatron, 335-339 
duodecade, 338-339 
gas-tube, 335-339 
multicathode, 335-339 
preset, 345 
reversible, 335 
ring, 343-344, 544-545 
storage, 346-353 
trochotron, 339-343 
vacuum-tube, 339-343 
vernier, 509-513 
(See also Synchronization) 

Counting-rate meter, 352-353 
CRO (cathode-ray oscilloscope), 202, 207, 

209, 213 
CRT (cathode-ray tube), 207, 209, 213 
Crystal diodes, 104-106, 552-556 

figure of merit of, 112 
(See also Diodes) 

D-c restorer (see Clamping circuits) 
Damper diode, 134-135 
Decade counter, 330-334 
Decoders, 309-315 
Delay, definition of, 44 

phase, 364-365 
in RC circuits, 44-45 
in RC coupled amplifier, 59-62 

Delay circuit, Haven's, 416-419 
(See also Delay lines; Multivibrator; 

Phantastron; Time modulation) 
Delay lines, acoustical, 414-415, 501-502 

electromagnetic, 286-322 
applications of, 286, 305-322 
characteristic impedance of, 287-292 
characteristics of, 286 
charged, 303-304 
coders, 307-308 
decoders, 310-315 
delay time of, 287-297 
distributed-parameter, 28G-291 
helical, 288-290 
lumped-parameter, 291-298 
reflection factor of, 300-301 
reflections on, 299-305 
rise time of, 293-294, 29G--297 
step response of, 290, 293, 297-298 

Delay multivibrator (see Multivibrator, 
monostable) 

Dietzold network, 72, 73 
Difference amplifier, 20-21, 467, 481-483 

figure of merit of, 21 
Differentiator, comparison with 

integrator, 47 
double, 39-40 
operational amplifier, 26, 38-39 
RC circuit, 36-39 
RL circuit, 47-48 

Diffusion current in semiconductors, 551-
552 

Digital computer, 392-394, 491-494 
circuits, 394-427 
NORC, 401-402, 416-419 
SEAC, 404-410, 414 
(See also Gates, switching) 

Digital converter, 491-494 
Diode circuits (see Clamping circuits; 

Clipping circuits; Comparators; 
Gates; Limiting circuits) 

Diode gate (see Gates) 
Diodes, break region of, 105-106, 113 

breakaway, 463 
breakdown, 555, 597 
capacitance of, 106, 113 
crystal, 104-106, 552-556 
damper, 133-134 
junction, 106, 552-556 
pick-off, 460 
plate-catching, 134-135, 186-187, 225 
point contact, 106, 556 
recovery time of, 106 
temperature dependence of, 105-106, 

117-119 
Displacement error, sweep, 203 
Distributed amplifier, 315-321, 502-503 
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Distributor, 338, 344 
Divider, binary, 323-329, 530 

frequency (see Counters; Synchroniza-
tion) 

locked oscillator, 384-386 
relaxation (see Synchronization) 
sinusoidal, 382-386 
storage counter, 347-350 

Donor, 550-551 
Doping of semiconductors, 551 
Drift current in semiconductors, 551 

Eccles-Jordan circuit (see Binary) 
Electromagnetic delay lines (see Delay 

lines) 
ENIAC, 344 
Equalizing pulses in television, 524-525, 

527-532 
Error, 203 

(See also Sweep linearity) 
EXCLUSIVELY-OR circuit, 411 

Feedback amplifiers (see Amplifiers) 
Ferrite, 262-263, 425 
Figure of merit, of amplifier, 12, 65-66 

of cathode follower, 12 
of crystal diode, 112 
of difference amplifier, 21 
of tubes, 65-66, 316, 318 

Filter section, 291-298 
Flip-flip, 140ff. 

(See also Binary) 
Flip-flop, 140ff. 

(See also Binary) 
Flyback power supply, 251-252 
Flyback time, 202, 249-252 
Flying spot scanner, 544 
Frequency, lower 3-db, 29, 61-63 

upper 3-db, 40-41, 61 
Frequency divider (see Synchronization) 
Frequency meter, 345, 352-353 
Frequency response, of feedback 

amplifier, 9 
of RC circuit, 28-30, 41-42 
of RC coupled amplifier, 59-63, 65 

Gas tube (see Thyratron comparator; 
Thyratron sweep circuit) 

Gates, linear (see transmission, below) 
logical (see switching, below) 
switching, 394-427 

AN D, 397-400, 404-407 
AN D-NOT, 411 
buffer, 394-397, 404-409 

Gates, switching, code-operated, 422-424 
coincidence, 397-400, 404-409, 512 
EXCLUSIVELY-OR, 411 
INHIBITOR, 401-404, 407 
inverter, 400-401, 407 
magnetic, 425-427 
mixing, 394-397, 404-407 
multiposition, 422-424 
NOT, 400-401, 407 
OR, 394-397, 404-407 

transmission, 429-457 
bidirectional, 435-436, 438-447, 

453-457 
four-diode, 443-445, 454-455 
six-diode, 445-447 
threshold, 431 
triode, 435-438, 456 
two-diode, 438-443, 453-456 
unidirectional, 430-435 

Generators, pulse, 302-304 
(See also Blocking oscillator) 

square-wave, 117, 168, 174, 197-201 
staircase, 352 
television, 527-532 
trapezoidal, 240-241, 246-247 
triangular (see Sweep circuits) 
waveform, 346 

Grid base, 116 
Guides in Dekatron, 336-337 

Hartley oscillator, 505 
Havens delay circuit, 416-419 
Hewlett-Packard counter, 153-155, 329-

330 
Holes in semiconductor, 550 
Hysteresis in cathode-coupled binary, 

164-172 
Hysteresis loop, magnetic, 425 

Impedance (see Input impedance; Output 
impedance) 

Inhibitor circuit, 401-404, 407, 433-434 
Input impedance, of amplifier, 86 

of cathode follower, 85-86 
of transistor, 575-576 

Integrator, comparison with differentia­
tor, 47 

operational amplifier, 25 
RC circuit, 46-47 

Intensifier, 209, 213 
(See also Blanking) 

Inverter circuit, 400-401, 407 

Junction diode, 552-556 
Junction transistor, 556-559 
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Keyed clamps, 126-129, 447-457 

Limiting circuits (see Clipping circuits) 
Line (see Delay lines) 
Linear gates (see Gates, transmission) 
Linearity, of amplifier, 9-10, 245-246 

of delay multivibrator, 193-194 
of phantastron, 225 
of sweep (see Sweep linearity) 

Locked oscillator, 384-386 
Logical gates (see Gates, switching) 

Magnetic binary clements, 425-427 
Magnetic counter, 426-427 
Magnetic register, 425-426 
Majority carriers, 553 
Marks, electronic, 543-547 
Memory, 392-393, 414-415 

(See also Register) 
Miller integrator, 214, 216-228, 487-494 
Miller sweep, 214, 216-228, 487-494 
Minority carriers, 553 
Mixing circuit, 394-397, 404-407 
Monostable multivibrator (see Multi-

vibrator) 
Multiar, 468-473, 480 
Multiplier, 382 
Multivibrator, astable, 174, 197-201 

synchronization of, 360-362, 378-
380 

transistor, 602-603 
bistable (see Binary) 
comparator, 474-476 
gating, 17 4ff. 
monostable, 174, 187-199, 363-364 

cathode-coupled, 187-199 
delay time of, 193-194 
duration of, 193-194 
free-running adjustment of, 197-

199 
gate width of, 197-199 
overshoots in waveforms of, 190-

193, 195 
triggering of, 195-196 
waveforms of, 187-193, 195 

plate-coupled, 174-187,363-364 
delay time of, 175-178 
duration of, 175-178 
free-running adjustment of, 197-

199 
gate width of, 175-178 
overshoots in waveforms of, 178-

183 
quasi-stable state of, 174-175 
recovery time of, 184-187 

Multivibrator, monostable, plate-cou-
pled, stable state of, 174-175 

synchronization of, 363-364 
triggering of, 175-176, 185-186 
waveforms of, 178-187 

transistor, 599-602 
one-shot, 174ff. 
single-cycle, 174ff. 
single-step, 174ff. 

n-p junction, 552-556 
n-p-n transistor, 556-559 
National Bureau of Standards Com­

puter (SEAC), 404-410, 414 
Naval Ordnance Research Calculation 

(NORC), 401, 402, 416-419 
NORC, 401, 402, 416-419 
Norton's theorem, 2-6, 573-574 
NOT circuit, 400-401, 407 

Operational amplifier, 22-26, 497 
Operational integrator, 26 

(See also Sweep circuit, Miller) 
Operational phase inverter, 218 
Operational trapezoidal generator, 246-

247 
OR circuit, 394-397, 404-407, 433-434 
Oscillator, biasing arrangements, 126 

blocking (see Blocking oscillator) 
locked, 384-386 
pulsed, 504-508 
(See also Generators) 

Oscilloscope, 202 
attenuator, 80-81 
blanking of, 206, 209, 213 
cathode-ray (CRO), 202, 207, 209, 213 
probe, 80-81 
radar, 536-538, 541-543 

Output impedance, of amplifier, 2-3 
with feedback, 5-6, 22 

of blocking oscillator, 278, 282 
of cathode follower, 11, 86 
of transistor, 573-576 

Overdriven amplifier, 116, 129-139 
Overshoot, in amplifier waveforms, 69, 

73, 76-77, 98, 135-137 
in grid waveforms, 130-131, 137 

p-n junction, 552-556 
p-n-p transistor, 556-559 
Paraphase amplifier, 18-20 
Peaking, 31-32, 47-48, 131-134, 501 
Pedestal, 431, 434-438 
Permalloy, 257, 261 
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Phantastron, 221-228 
cathode-coupled, 227 
delay, 225-226 
divider, 364-365 
linearity of, 225 
screen-coupled, 222-227 

Phase-comparison circuit, 386-390 
Phase delay, 364-365 
Phase inverter, 18-20, 218 
Phase jitter, 365-366 
Phase-modulation systems, 494-501 
Phase-shifting circuits, 498-499 
Phase-shifting devices, 495-498 
Phasemeter, 459, 479-480 
Plate-catching diode, 134-135, 186-187 
Potentiometer, sine-cosine, 498, 539-540 
PPI, 537-538, 541-542 
Probe for oscilloscope, 80-81 
Pulse amplifiers, 58-77, 81-85, 89-99 
Pulse coders, 307-308 
Pulse decoders, 309-315 
Pulse generator, 302-304 

(See also Blocking oscillator) 
Pulse shaping, 29-30, 41-42, 305, 403-

404, 407-410, 413-414, 416-419 
Pulse stretcher, 305, 403-404, 409-410 
Pulse transformers, 253-272 

application of, 253 
capacitances in, 259-262, 271 
coefficient of coupling of, 254-256, 262 
cup core of, 262-263 
design of, 271-272 
equivalent circuits of, 253-256, 263-

271 
ferrite core of, 262-263 
inverting, 260-261 
leakage inductance of, 256-259, 271 
pot core of, 262-263 
primary inductance of, 253-258, 262, 

267, 271 
response of, 263-271 

decay-time, 267-271 
fiat-top, 265-267, 269-270 
ringing in, 263-265, 269-270 
rise-time, 263-265, 269-270 
tilt in, 265-267, 269-270 

saturation of, 266 
turns ratio of, 254, 256, 271-272 
uses of, 253 

Pulsed oscillators, 504-508 

Q, measurement of, 53 
related to damping factor, 49, 67 

Radar, 535-547 
indicators, 536-538, 541-547 

Radar, principles, 535-536 
Radial sweeps, 537-542 
Ramp voltage, 35-36, 45-46 

(See also Sweep circuit) 
Range marks, 543 
Raytheon magnetic cores, 426 
RC circuits, 28-47 

high-pass, 28-40 
differentia tor, 36-40 
exponential input, 33-35 
pulse input, 29-30 
ramp input, 35-36 
sinusoidal input, 28-29, 37-38 
square-wave input, 31-33 
step-voltage input, 29 

low-pass, 40-47 
exponential input, 44-45 
integrator, 46-47 
pulse input, 41-42 
ramp input, 45-46 
sinusoidal input, 40 
square-wave input, 42-44 
step input, 40-41 

Reactance tube, 386-390 
Regenerative broadening, 409-410 
Regenerative circuits, 382-384 

(See also Blocking oscillator; Com­
parators; Multiar; Multivibrator) 

Register, binary, 346, 411-413, 425-427 
dynamic, 413-416 
magnetic, 425-427 
shift, 412-413, 425-426 

Relaxation dividers (see Synchroniza-
tion) 

Resolved sweeps, 538-542 
Resolver, 496, 538-539, 541 
Resonant stabilization, 368-372 
Restorer, d-c (see Clamping circuits) 
Retrace time, 202, 249-250 
Reverse current in semiconductor, 553-

555 
Ringing in amplifier response, 73 
Ringing circuit, 52-57, 505-506 
Rise time, definition of, 41 

measurement of, 43 
RL circuits, 47-48 
RLC circuits, 48-57 
RTB, 537-538 

Sanaphant, 228 
Sanatron, 228 
Saw-tooth generator (see Sweep circuit) 
Scaling circuit (see Counters) 
Schmitt circuit (see Binary, cathode- . 

coupled) 
Scope (see Oscilloscope) 
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Screen bypass, 95-96 
SEAC, 40·1-410, 414 
Selector circuits (see Clipping circuits; 

Gates, transmission) 
Self-bias (see Biasing arrangements) 
Semiconductor, 548-556 

breakdown in, 554-555, 567-568 
current in, 551-552 
diode, 552-556 
doping of, 551 
holes in, 550 
intrinsic, 548, 551 
junction, 552-556 
n-type,550 
p-type, 551-552 

Sequencer, 344, 544-545 
Series peaking in amplifiers, 72-74 
Series-shunt peaking in amplifiers, 72-74 
Serrations in television signal, 523-524 
Shunt peaking in amplifiers, 72-74 
Sine-cosine potentiometer, 498, 539-540 
Sleeping sickness, 102 
Slope error, 203, 487-491 
Slump, 102 
Smear in amplifier, 73 
Spades in trochotron, 341 
Speed-up capacitor for binary, 146-147, 

151-156, 163-164 
Square-wave response, of amplifiers, 63-

77, 81-85, 89-93, 96-99 
of delay lines, 290, 293, 297, 298 
of RC circuits, 31-33, 42-44 

Square-wave testing, 64-65 
Squaring circuits, 117, 168, 174, 197-

201, 477-480 
Staircase generator, 352 
Step-voltage response, of amplifier, 63-

77, 81-85, 89-93, 96-99 
of delay lines, 290, 293, 297, 298 
of RC circuits, 29, 40-41 

Stepping switch, 338, 344 
Storage counters, 346-353 
Storage devices, 346-353, 392-393, 415 

(See also Register) 
Sweep circuit, current, 236-252 

bootstrap, 246, 248 
deflection-coil parameters of, 237 
delay in response of, 238-239 
driver for, 240-244 
generator waveform for, 236-240, 

244-248 
impulse term in generator for, 236-

240, 244-245 
linearity of response of, 244-246, 

487-494 
radial, 537-538 
recovery time of, 243-244 

Sweep circuit, current, television, 248-
252 

voltage, 202-235 
bootstrap, 215-216, 228-232, 487-

491 
driven, 207 
Du Mont, 209 
inducto~ 232-233 
Miller, 214, 216-228, 487-494 
pentode, 234-235 
phantastron, 221-228 
radar, 538-542 
radial, 537-542 
recurrent, 206 
resolved, 538-542 
synchronization of, 206, 355-360, 

372-377 
Tektronix, 210-213 
thyratron, 204-208, 234-235, 355-

360 
triggered, 207 
vacuum tube, 208-232 
zero error in waveform of, 487-494 

Sweep linearity, 203, 206, 212-217, 225, 
230-235 

of bootstrap circuit, 215-217, 487-491 
of current sweep, 244-246 
error in, displacement, 203, 210, 225, 

233 
slope, 203, 487-491 
transmission, 36, 45, 203 
of Miller circuit, 214, 216-218, 487-

494 
Sweep-voltage waveform, 202-204 
Switch tube, 129-139 

with capacitive load, 134 
cathode-follower, 138-139 
with inductive load, 131-134 
with resistive load, 129-131 
two-stage, 135-137 
(See also Gates, switching)' 

Switching gates (see Gates) 
Sylvania 2N35 transistor character­

istics, 560, 563, 590, 592, 594 
Synchro, 496, 538-539, 541 
Synchronization, 355-390 

pulse, 355-372, 386-390 
of astable multi, 360-362 
of blocking oscillator, 360, 368-372 
of monostable multi, 363-364 
of phantastron, 364-365 
with resonant circuit, 368-372 
of sinusoidal oscillator, 386-390 
stability considerations in, 364-372 

sinusoidal, 372-390 
of astable multi, 378-380 
of blocking oscillator, 380 
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Synchronization, sinusoidal, of thyratron 
sweep, 372-378 

television, 389-390, 519-532 
Synchronous clamping, 126-129, 447-

453, 456-457 

Tags, electronic, 544-547 
Television, amplifiers (see Amplifiers) 

bandwidth requirements for, 533-534 
d-c restorers for (see Clamping circuits) 
equalizing pulses for, 524-525, 527-532 
generator, 527-533 
high-voltage power supply, 251-252 . 
principles, 515-516 
scanning, 516-519 
signal, 519-534 
sweep circuits, 248-252, 284 

Th6venin's theorem, 2-6, 573 
Threshold gate, 431 
Thyratron comparator, 476-477 
Thyratron sweep circuit, 204-208, 355-

360 
synchronization of, 355-360, 372-378 

Time base, current, 236-252 
voltage, 202-235 
(See also Sweep circuits) 

Time-base systems, 485-494 
Time measurements, 345-346, 458, 508-

513 
(See also Time modulation) 

Time modulation, 485-513 
delay-line, 501-504, 507-508 
phase-modulation systems, 494-501, 

506-507 
time-base systems, 485-494 

Time-selection circuits (see Gates, trans-
mission) 

Timing markers, 307, 458 
Totem-pole amplifier, 99-101 
Transformer (see Pulse transformer) 
Transistor, 548-606 

active region of, 560 
alloy-type, 558 
alpha, 561, 579, 591-592 
amplifier, 573-578 
analogies with vacuum-tube circuits, 

564-567 
base resistance, 571 
base spreading resistance, 571-572 
binary, 595-599 
breakdown in, 567-568 
capacitances of, 579-581, 584-585 
characteristics, 559-568, 589-593 
configuration, common-base, 559-562 

common-collector, 564-567 
common-emitter, 562-567 

Transistor, configuration, grounded-base, 
559-562, 564-567, 575-578 

grounded-collector, 564-567, 575-
578 

grounded-emitter, 562-567, 575-578 
cutoff frequency, 579 
cutoff region of, 561, 593-594 
diffused-junction, 558 
doping of, 551 
equivalent circuits of, 568-573, 578-

586 
grown-junction, 558 
junction, 556-559 
multivibrators, 599-602 
n-p-n, 556 
p-n-p, 556 
parameters, 570, 576 
point-contact, 559, 567 
:potential energy barriers in, 557-558 
power gain of, 573-578 
response of, 581-589 

delay time in, 585-586 
transient, 581-589 

saturation region of, 561, 587, 594-595 
storage time in, 586-587 
voltage gain of, 573-578 

Transmission error, 36, 45, 203 
Transmission gates (see Gates) 
Transmission line (see Delay line) 
Trapezoidal generator, 240-241, 246-247 
Triangular generator (see Sweep circuit) 
Triode, amplification factor of, 109 

break region of, 113 
characteristics of, 106-111 

transfer, 113-114 
(See also Tube characteristics) 

grid current of, 108-110 
grid resistance of, 109 
input capacitance of, 86 
parameters of, 109 
plate resistance of, 109 
transconductance of, 109 
(See also Amplifiers ; Transistor) 

Trochotron, 339-343 
Tube characteristics, 2N35 transistor, 

560, 563, 590, 592 
6AU6, 665 
6J5, 106, 666-667 
6SN7, 106, 666-667 
12AT7, 106, 668 
12AU7, 106, 109, 669-670 
12AX7, 106, 671 
5814, 106 
5963, 106 
5965, 106-110, 672-673 

Tubes (see Diodes; Switch tube; Tran­
sistor) 
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Univibmtor, 174f. 

Vernier counter, 500-513. 
Video amplifier, 58-77, 81-85, 80-00 
Video mapping, 543-544 
Voltage compamtors (see Comparators) 

Wave shaping, linear, RC circuits (see 
RC circuits) 

RL circuits, 47-48 

Wave shaping, linear, RLC circuits, 48-
57 

nonlincar (see Amplifiers, ovcrdrivml; 
Clamping circuits; Clippin~ CIr­

cuits; Switch tubc) 
'Waveform gcnerator, 34G 
Word, 349 

Z-axis modulation, 208 
Zener voltage, 555, 5G7 




