
I
N
D
E
X 

A
m
plifi

e
rs 

Bas
e 
cu
rr
e
nt 

dri
v
e 

Bo
otstr

a
p 

Cl
ass 

B 
pus
h-
p
ull 

C
o
m
pl
e
m
e
nt
ar
y 
sy
m
m
etr
y 

Darli
n
gt
o
n
 
pai
r 

Dir
ect 

co
u
pl
e
d
 
(s
m
all 

sig
n
al) 

Di
r
ect 

co
u
pl
e
d
 
dri
v
er 

Dri
v
er 

(si
n
gl
e 
sta
g
e) 

Gr
o
u
n
d
e
d
 
bas
e 

Gr
o
u
n
d
e
d 
coll
ect
or 

(e
mitt

er 
foll
o
w
er) 

Gr
o
u
n
d
e
d
 
e
mitt

er 
I.F.
 
am
pli
fi
er 

(4
6
5
k
H
z) 

Pus
h-
p
ull,
 
class 

B 
Pus
h-
p
ull, 

sin
gl
e 
en
d
e
d 

S
m
all 

sig
n
al 

Su
p
er-
al
p
h
a 
pai
r 

To
n
e 
co
ntr
ol 

Cl
a
m
ps 

D.
C.
 
cla
m
p 
to
 
positi

v
e 
volt
a
g
e 

D.
C. 

cla
m
p 
to 
zer
o 
volt
a
g
e 

Cli
p
p
e
rs 

Seri
es 

di
o
d
e
 
li
mit
er 

D
o
u
bl
e
 
par
all
el 
cli
p
p
er 

(sli
c
er) 

Par
all
el
 
or 
sh
u
nt 

di
o
d
e 
li
mit
er 

C
o
n
n
ecti

o
ns, 

tra
nsist

or 
Darli

n
gt
o
n
 
pai
r 

D
u
al 
to
n
e 
co
ntr
ol 

E
mitt

er 
foll
o
w
er 

Po
w
er 

su
p
pl
y, 
sta
bilis

e
d 

Puls
e 
sh
a
p
er, 

tri
g
g
e
r 

Sa
wt
o
ot
h
 
ge
n
er
at
or 

(Mill
er) 

PA
G
E 3 19 7 9 19 5 6 3 2 2 2 4 7 8 

2. 
3. 
5 18 10 

20 

Si
g
n
al
 
G
e
n
e
r
at
o
rs 

Ast
a
bl
e
 
m
ulti

vi
br
at
or 

Bi
as 

oscill
at
or 

(ta
p
e 
rec
or
d
er) 

&st
a
bl
e
 
m
ulti

vi
brat

or 
M
o
n
ost
a
bl
e
 
m
ulti

vi
br
at
or 

Ph
as
e 
shift

 
oscill

at
or 

Sa
wt
o
ot
h 
ge
n
er
at
or 

(Mill
er) 

Ta
p
e 
rec
or
d
er 

bias 
oscill

at
or 

Tu
n
e
d 
coll
ect
or 

oscill
at
or 

W
i
e
n
 
bri
d
g
e 
oscill

at
or 

Sc
h
mitt 

tri
g
g
er 

Su
p
er-
al
p
h
a 
pair 

To
n
e 
co
ntr
ol 

4 6 5 2 8 1 3 17 18 10 

T
R
A
N
SI
S
T
O
R
 
C
O
N
N
E
C
TI

O
N
S 

C
o
d
e
 
lett

e
r
 
aft
e
r
 
ea
c
h
 
ty
p
e
 
nu
m
b
e
r
 
gi
v
e
n 

in
 
te
x
t
 
ref
e
r
s
 
to
 
ap
p
r
o
p
ri
at
e
 
ke
y
 
di
a
g
r
a
m 

bel
o
w.
 
Fo
r
 
ex
a
m
p(
e:
 
2
N
2
9
2
6
 
(I)
 
is
 
ty
p
e 

nu
m
b
e
r 
2
N
2
9
2
6, 
co
n
n
e
cti
o
n
s 
in
 
ke
y 
di
a
g
r
a
m 

I 
bel
o
w 
(l
o
o
ki
n
g
 
at 
th
e 
un
d
e
rsi
d
e 
wi
r
e 
en
d). 

20
 
e

 
e
mi
tt
e
r,

 
c

 
coll

e
ct
o
r,

 
b

 
ba
s
e, 

s
 
shi
el
d,
 
ev

 
en
v
el
o
p
e 

21 22 21 24 19 10 2 
23 22 18 

A
 
bSP
OT 

t
ac 

I
 
e 
... 

.
 
, 

, 
_ 
_,, 

.0,
.

e.c
,,_.
E
D 

b
 
C 

D
 
b 

E
 
LIME 
c 
.., 

sear
 
SO
ME
 
TYPE
S 

HAVE 
S
W
 
0 
sp
oT
 

b 
t 
c 
b 

c 
b 
e

 
c 
s 
e 

\
c
i1/4t

,4 
.4

0.‘
 
a
 

F 
6 

II 
I 

'V 

-s 

TR5ci TL 
471). 

' 
TR8 
a 

NK
T4
03 

1
134 

TRANSISTOR 
CIRCUITS 

Pre
sent

ed 
fre
e 
with 

the 
April 

1968 
issu
e 
.of 
pkt
A
C
TI 

0'
3
4 

IQ
,34 

24 



CI 
50
pF 

0
-
1 

INP
U
T VRI 

50
LO 

TRE
B
L
E 

I2
—
D
U
A
L
 
T
O
N
E
 
C
O
N
T
R
O
L 

RI 
4.71‘11 

C3 
0. 
047pF 

W
it
h
 
an
y
 
for
m
 
of
 
to
n
e
 
co
ntr
ol
 
th
e
 
sig
n
al 

lev
el
 
will

 
be
 
re
d
u
c
e
d
 
at
 
pr
e-
d
et
er
mi
n
e
d 

fre
q
u
e
n
ci
es.

 
If 
bass
 
bo
ost
 
is 
re
q
ui
r
e
d,
 
th
e 

hig
h
 
fre
q
u
e
n
ci
es
 
ar
e
 
cut.

 
Th
e
n
 
th
e
 
au
di
o 

sp
e
ctr
u
m
 
is 
am
pli
fi
e
d
 
to
 
bri
n
g
 
th
e
m
 
up
 
to 

nor
m
al,
 
whil

e
 
th
e
 
bass
 
fre
q
u
e
n
ci
es
 
will
 
be 

hig
h
er 

th
a
n 
th
e 
tre
bl
e.
 
Si
mil
arl
y 
for 

tre
bl
e 

bo
ost
 
th
e
 
bass

 
fre
q
u
e
n
ci
es
 
ar
e
 
cut.

 
Th
e 

re
act
a
n
c
e
 
of
 
a 
ca
pacit

or
 
(X

() 
is 
inv
e
rs
el
y 

pr
o
p
orti

o
n
al
 
to
 
fre
q
u
e
n
cy.

 
W
h
e
n
 
th
e 

10 

R4 
56k 
fl fre
q
u
e
n
cy
 
is 
su
c
h
 
th
at
 
X,.
 
is 
eq
u
al
 
to
 
th
e 

ass
oci
at
e
d
 
resist

or,
 
he
 
fre
q
u
e
n
cy
 
res
p
o
ns
e 

will
 
be
 
3d
B
 
do
w
n.
 
It 
will
 
co
nti
n
u
e
 
to
 
go 

do
w
n
 
at
 
6d
B
 
pe
r
 
octa

v
e
 
as
 
fre
q
u
e
n
cy 

incr
e
as
es
 
for
 
a 
parall

el
 
ca
pacit

o
r,
 
an
d
 
as 

fre
q
u
e
n
c
y
 
decr

e
as
es
 
for
 
a 
seri
e
s
 
ca
pacit

or. 
Th
e
 
C
 
an
d
 
R 
for
m
 
a 
fre
q
u
e
n
c
y
 
se
nsiti

v
e 

pot
e
nti
o
m
et
er. 

Tr
a
n
si
st
o
rs:

 
al
m
os
t
 
an
y
 
s
m
all
 
si
g
n
al 

ty
p
e 
su
c
h
 
as
 
0
0
71
(
G),
 
N
K
T
2I
4(
A) 

I3
—
T
U
N
E
D
 
C
O
L
L
E
C
T
O
R
 
O
S
CI
L
L
A
T
O
R 

Cu
rr
e
nt 

ch
a
n
g
es 

th
r
o
u
g
h 
th
e 
tra
nsist

or 
ar
e 

refl
e
ct
e
d
 
bac
k
 
thr
o
u
g
h
 
th
e
 
tra
nsf
or
m
e
r
 
to 

th
e
 
bas
e.
 
A
 
co
nti
n
u
o
us

 
oscill

ati
o
n
 
is 

pr
o
d
u
c
e
d
 
an
d
 
is
 
tu
n
e
d
 
to
 
th
e
 
re
q
ui
r
e
d 

fre
q
u
e
n
c
y
 
by
 
th
e
 
ind
u
cta
n
c
e 
of 
T1
 
pri
m
ar
y 

an
d
 
th
e
 
val
u
e
 
of
 
C3.

 
R4
 
acts

 
as
 
th
e 

loa
d
 
acr
oss

 
th
e
 
out
p
ut.

 
Fr
e
q
u
e
n
c
y
 
of 

os
cill
ati
o
n
 
is
 
1/(
2
n 
x 
LC)
 
wh
er
e
 
L 
is
 
th
e 

ind
u
ct
a
n
c
e
 
of
 
coll
e
ct
or
 
wi
n
di
n
g,
 
an
d
 
C 
is 

th
e
 
par
all
el
 
tu
ni
n
g
 
ca
p
acit

a
n
c
e. 

Tr
a
nsi
st
o
r:

 
0
0
8
4(
F),

 
N
K
T2I
I
(
A) 

I4
—
T
A
P
E
 
R
E
C
O
R
D
E
R
 
BI
A
S 

O
S
CI
L
L
A
T
O
R 

This 
circ
uit 

is 
bas
e
d 
on 
si
mil
ar 

pri
n
ci
pl
es 

to 
th
os
e
 
in
 
Fig.

 
13.
 
Pr
ovi
d
es

 
I m
A
 
bias 

cu
rr
e
nt 

at 
42
k
H
z 
for 

a 
ta
p
e 
rec
or
d 
he
a
d 
but 

is
 
uns
uita

bl
e
 
for

 
eras
e.
 
Fr
e
q
u
e
n
cy

 
of 

oscill
ati
o
n
 
is 
m
u
c
h
 
hig
h
e
r
 
th
a
n
 
th
e
 
hig
h
est 

au
di
bl
e
 
rec
or
d
e
d
 
fre
q
u
e
n
cy.

 
Oscill

at
or 

fre
q
u
e
n
c
y
 
sh
o
ul
d
 
be
 
ab
o
ut
 
fiv
e
 
ti
m
es
 
this 

rec
or
d
e
d
 
fre
q
u
e
n
c
y.

 
O
ut
p
ut
 
volt
ag
e
 
is 

ab
o
ut 

32
V 
pe
a
k 
int
o 
a 
25
0
m
H
 
rec
or
d
 
he
a
d. 

Tr
a
nsf
or
m
e
r
 
details:

 
Ferr

o
x
c
u
b
e
 
pot
 
cor
e 

ass
e
m
bl
y
 
LAI. 

O
ut
p
ut 

wi
n
di
n
g
 
I 
2,
 
15
0 
tu
r
ns
 
34 
s.
w.
g. 

Sec
o
n
d
ar
y
 
wi
n
di
n
g 
3-
4, 
8 
tu
r
ns
 
30 
s.
w.
g. 

Pri
m
ar
y 
wi
n
di
n
g:
 
(a) 
5-
6,
25 

tu
r
ns 

34 
s.
w.
g.: 

(b)
 
6-
7,
 
125
 
tur
ns 

34 
s.
w.
g. 

Tr
a
nsi
st
o
r:
 
0
0
7
2(
G),

 
2
G
3
81
(
H
) 

R1 
181111 

FR
O
M
 
f. 

AM
P
LI
FI
E
R 

BIA
S 

REJ
E
CT
OR 

Cl 
68
0
0pF 

TO
 
RE
C
 
HE
A
D 

25
0
m
H 

-9
V 

C3 120
0 
PF 

TR1 

R2 4711 

II 
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P
H
A
S
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HI
F
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O
S
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L
L
A
T
O
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-1
6
V 

R5 10kfl 

OU
TP
UT 

D
—
° 

C5 
50p
F 

R6 20
011 

R7 20.0. 
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Co
n
v
e
ni
e
nt
 
way

 
of
 
pr
o
d
u
ci
n
g
 
a
 
sig
n
al 

wit
h
o
ut
 
usi
n
g
 
tra
nsf
or
m
ers.

 
At
 
lo
w
 
fre-

qu
e
n
ci
es,
 
wh
er
e
 
int
er
n
al
 
ph
as
e
 
shift 

of 
th
e 

tra
nsist

or 
is 
mi
ni
m
al, 

an 
arti
fici
al 
ph
as
e 
shift 

is 
obtai

n
e
d
 
by
 
ins
erti

n
g
 
a 
C
R
 
lad
d
er
 
net-

w
or
k
 
bet
w
e
e
n
 
th
e
 
coll
ect
or
 
an
d
 
bas
e.
 
At 

least
 
th
r
e
e
 
C
R
 
"r
u
n
gs
"
 
ar
e
 
ne
e
d
e
d
 
to
 
get 

18
0
 
.
 
Im
p
e
d
a
n
c
e
 
of
 
th
e
 
lad
d
e
r
 
will

 
be 

m
u
c
h
 
hig
h
er
 
th
a
n
 
th
at
 
of
 
th
e
 
tra
nsist

or. 
Att
e
n
u
ati
o
n
 
ov
er
 
th
e
 
lad
d
er
 
is 
29
 
usi
n
g 

thr
e
e
 
eq
u
al
 
resista

n
c
es
 
an
d
 
th
r
e
e
 
eq
u
al 

ca
p
acit

a
n
c
es.

 
Fr
e
q
u
e
n
c
y
 
11(
2
”
C
R 

N. 
6)
H
z. 

W
h
er
e
 
C 
- 
0.01,,,

F
 
an
d
 
R

 
!O
ki)

 
this 

giv
es
 
a 
fre
q
u
e
n
c
y
 
of 
65
0
H
z
 
but
 
is 
m
o
di
fi
e
d 

by 
tra
nsist

o
r 
im
p
e
d
a
n
c
es 
to 
800
H
z.
 
O
ut
p
ut 

im
p
e
d
a
n
c
e
 
is 
hig
h. 

Hi
g
h 
gai
n 
tr
a
n
si
s
t
o
r 
is 
re
q
ui
r
e
d 
su
c
h 
as 

0
0
7
5(
G)
 
or 
A
CI
5
6(
E) 

16
—
WI
E
N
 
B
RI
D
G
E
 
O
S
CI
L
L
A
T
O
R 

Au
di
o
 
fre
q
u
e
n
c
y
 
sin
e
 
wa
v
e
 
ge
n
er
at
or. 

Fr
e
q
u
e
n
cy
 
det
er
mi
ni
n
g
 
co
m
p
o
n
e
nts

 
ar
e 

co
ntai

n
e
d
 
in
 
bri
d
g
e
 
net
w
or
k
 
R6,
 
C3,
 
R8, 

an
d
 
C4.

 
Re
g
e
n
erati

v
e
 
positi

v
e
 
fee
d
b
ac
k 

fro
m
 
poi
nt 

"
X
" 
to 
TR 
I 
bas
e 
occ
u
rs 

onl
y 
at 

this
 
fre
q
u
e
n
cy.

 
Fr
e
q
u
e
n
c
y

 
l/(
2 
RC). 

Her
e
 
R 
- 
- 
4.7
k 
U
 
an
d
 
C
 
0.0I

p
F.
 
Oscil-

lat
o
r 
is 
fre
q
u
e
n
cy 

sel
e
cti
v
e.
 
An
y 
ch
a
n
g
e 
or 

mis
m
atc
h
 
in 
co
m
p
o
n
e
nt 

val
u
es 

in 
th
e 
seri
es 

or
 
parall

el
 
pai
r
 
of
 
th
e
 
W
i
e
n
 
bri
d
g
e
 
will 

ca
us
e
 
th
e
 
fee
d
b
ac
k
 
sig
n
al
 
to
 
TR 
I 
bas
e
 
to 

be
c
o
m
e 
out 

of 
ph
as
e 
wit
h 
th
e 
bri
d
g
e 
in
p
ut, 

pr
e
v
e
nti
n
g
 
oscill

ati
o
n.

 
If 
resist

ors
 
R6 
an
d 

R8 
ar
e 
ma
d
e
 
int
o
 
a 
twi
n
 
ga
n
g
e
d
 
pot
e
nti
o-

met
er, 

th
e 
fre
q
u
e
n
c
y 
ca
n
 
be
 
vari
e
d. 

Tr
a
nsi
st
o
rs:

 
0
0
71
(
G),

 
A
C 
I 55(

E), 
N 
K
T
2 
14( 
A) 
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I7
—
A
S
T
A
B
L
E
 
M
U
L
TI
VI
B
R
A
T
O
R 

Fr
e
e
 
ru
n
ni
n
g
 
sq
u
ar
e
 
wav
e
 
ge
n
erat

or. 
Un
b
al
a
n
c
e
 
bet
w
e
e
n
 
tw
o
 
stag
es
 
ca
us
es
 
TR 
I 

(or 
T
R
2)
 
to
 
co
n
d
u
ct
 
whil

e 
T
R
2
 
(or 

T
RI
)
 
is 

cut
 
off.

 
Cr
oss-c

o
u
pl
e
d
 
ca
p
acit

ors
 
Cl
 
an
d 

C2
 
ar
e
 
alt
er
n
at
el
y
 
ch
ar
g
e
d
 
thr
o
u
g
h
 
bas
e 

e
mitt

er 
ju
n
cti
o
ns; 

disc
h
ar
g
e
d
 
th
r
o
u
g
h 
V
RI 

an
d
 
V
R
2.
 
W
h
e
n
 
C2 

is 
disc
h
ar
g
e
d
 
thr
o
u
g
h 

V
R
2.
 
TRI

 
bas
e
 
volt
ag
e
 
falls
 
ex
p
o
n
e
nti
all
y 

to 
zer
o, 
wh
e
n 
T
RI
 
starts 

to 
co
n
d
u
ct.

 
TR
2 

is 
cut
o
ff.
 
W
h
e
n
 
Cl
 
is 
disc
h
ar
g
e
d
 
th
r
o
u
g
h 

V
RI, 

T
R
2
 
bas
e 
falls 

to 
zer
o,
 
w
h
e
n 
T
R
2 
will 

co
n
d
u
ct.

 
Th
e
 
sm
all
 
ne
gati

v
e
 
pips

 
on
 
th
e 

bas
e
 
wav
ef
or
ms
 
ar
e
 
du
e
 
to
 
ra
pi
d
 
initi
al 

rec
h
ar
g
e 
of 
ca
p
acit

ors.
 
W
a
v
ef
or
m
 
at 
bot
h 

coll
e
ct
ors
 
ap
pr
o
xi
m
at
e
 
to
 
a 
sq
u
ar
e
 
wav
e. 

Fr
e
q
u
e
n
c
y
 
is
 
adj
ust
e
d
 
by
 
V
RI
 
an
d
 
V
R
2. 

f
 
1/(1.
4
C
R)
 
wh
er
e
 
C
 
is 
sin
gl
e
 
co
u
pli
n
g 

ca
p
acita

n
c
e
 
(far
a
ds)

 
an
d
 
R
 
is
 
bas
e
 
bias 

resista
nc
e 
(o
h
ms), 

an
d
 
wh
e
r
e 
Cl

 
C2 

an
d 

V
RI

 
V
R
2.
 
Mar
k/s
p
ac
e
 
rati
o
 
is
 
alt
er
e
d 

by 
varyi

n
g 
th
e 
val
u
e 
of 
on
e 
ca
p
acit

or. 

Tr
a
n
si
st
o
rs:

 
N 
K
T
2 
1 8(
A),

 
0
0
8
3(
G), 

A
C 
15
6(
E) 

18
—
M
O
N
O
S
T
A
B
L
E
 
M
U
L
TI
VI
B
R
A
T
O
R 

5? 
68
0.11 

C1 
470
0pF 

Us
e
d
 
for
 
puls
e
 
sh
a
pi
n
g
 
or
 
to
 
pr
o
vi
d
e
 
a 

cal
c
ul
a
bl
e
 
del
a
y
 
peri
o
d
 
in 
th
e
 
out
p
ut
 
puls
e 

whi
c
h
 
is 
ind
e
p
e
n
d
e
nt
 
of
 
th
e
 
in
p
ut
 
tri
g
g
er 

puls
e
 
peri
o
d.
 
May

 
be
 
em
pl
o
y
e
d
 
for 

fre
q
u
e
n
c
y
 
divisi

o
n.
 
W
it
h
 
no 
tri
g
g
er
 
puls
e 

ap
pli
e
d
 
in
 
th
e
 
circ
uit
 
sh
o
w
n.
 
TR
2
 
w
o
ul
d 

nor
m
all
y
 
be
 
switc

h
e
d
 
on.

 
Bas
e
 
bias

 
is 

pr
o
vi
d
e
d
 
by
 
R3.

 
TR 
I 
is 
off
 
as
 
a 
positi

v
e 

bias 
pot
e
nti
al 
is 
ap
pli
e
d
 
via 

R4 
an
d
 
RS.

 
C2 

is 
ch
ar
g
e
d
 
to
 
--3
V.
 
W
h
e
n
 
tri
g
g
e
r 
puls
e
 
is 

ap
pli
e
d
 
via 

th
e 
di
o
d
e 
sh
a
pi
n
g 
circ
uit 

to
 
th
e 

bas
e 
of 
T
RI, 

this 
tra
nsist

or 
starts 

to 
switc

h 
on.

 
Th
e
 
positi

v
e
 
goi
n
g
 
TRI

 
coll
ect
or 

0 

Yb 151 Vb TR2 

0 V 

t 

3 
VOLT
S 

volt
ag
e
 
switc

h
es
 
off 

TR
2
 
This
 
cu
m
ul
ati
v
e 

effe
ct 

on 
th
e 
bas
e 
volta

g
es 

is 
sh
o
w
n 
at 
ti
m
e 

t,.
 
W
it
h
 
TRI

 
bott

o
m
e
d,
 
C2
 
retai

ns
 
its 

ori
gi
n
al
 
ch
ar
g
e
 
wit
h
 
• 
3V
 
ap
pli
e
d
 
to
 
T
R
2 

bas
e.
 
C2 

disc
h
ar
g
es
 
th
r
o
u
g
h
 
R3
 
an
d
 
T
RI, 

bri
n
gi
n
g
 
TR
2
 
bas
e
 
to
w
ar
ds
 
OV,
 
an
d
 
th
e 

poi
nt
 
wh
e
r
e
 
TR
2
 
switc

h
es
 
on
 
ag
ai
n.
 
Th
e 

out
p
ut
 
puls
e
 
peri
o
d
 
is 
det
er
mi
n
e
d
 
by
 
C2 

an
d
 
R3.

 
An
 
ap
p
r
o
xi
m
ati
o
n
 
of
 
this
 
peri
o
d 

is 
0.7
C
2R
3 se
c
o
n
ds. 

Tr
a
nsi
st
o
rs:

 
0
0
71
(
G),

 
A
CI
S
S(
E), 

N 
K
T
2 
1 4 
( A 
) 

15 
14 



19
—
BI
S
T
A
B
L
E
 
M
U
L
TI
VI
B
R
A
T
O
R 

20
—
S
C
H
MI
T
T
 
T
RI
G
G
E
R 

ci
 
TR 
I 

33
0
0pF 

Co
m
m
o
nl
y 
us
e
d 
for 

co
u
nti
n
g 
an
d 
ge
n
erati

n
g 

sq
u
ar
e 
wav
es 

fro
m
 
puls
e
 
in
p
uts. 

W
h
e
n
 
th
e
 
su
p
pl
y
 
is
 
ap
pli
e
d
 
th
e
 
circ
uit 

ass
u
m
es
 
a 
sta
bl
e
 
stat
e
 
wit
h
 
on
e
 
tra
nsist

or 
bott

o
m
e
d
 
an
d
 
on
e
 
cut

 
off.

 
W
h
e
n
 
a 

positi
v
e

 
puls
e

 
is
 
ap
pli
e
d

 
via

 
th
e 

di
ffer
e
nti
at
or 

CI
-
DI, 

th
e 
tra
nsist

ors 
re
v
ers
e 

th
ei
r 
swit
c
h
e
d 
stat
e 
an
d
 
th
e 
circ
uit 

ass
u
m
es 

16 

its
 
sec
o
n
d
 
sta
bl
e
 
co
n
diti

o
n.
 
D2
 
an
d
 
D3 

ro
ut
e
 
th
e
 
puls
es
 
for
 
th
e
 
corr

ect
 
switc

hi
n
g 

se
q
u
e
n
c
e
 
eac
h
 
di
o
d
e
 
bei
n
g
 
re
v
ers
e
 
bias
e
d 

w
h
e
n
 
its
 
co
n
n
e
cti
n
g
 
tra
nsist

or
 
is 
cut
 
off. 

O
ut
p
uts 

may 
be 
tak
e
n 
fro
m 
eit
h
e
r 
coll
e
ct
or. 

Tr
a
nsi
st
o
rs:

 
N
K
T
2
2
4(
B), 

A
C1
1
3(
E) 

Th
e
 
Sc
h
mitt

 
or
 
emitt

er
 
co
u
pl
e
d
 
bista

bl
e, 

ca
n 
be 
co
nsi
d
er
e
d 
as 
a 
fast 

acti
n
g 
switc

h, 
th
e 

acti
o
n
 
of
 
w
hi
c
h
 
is 
pr
e
ci
pitat

e
d
 
by
 
a 
pr
e-

arra
n
g
e
d
 
d.c.
 
lev
el,
 
th
e
 
tri
p
 
volta

g
e
 
(se
e 

wav
ef
or
ms).

 
Oft
e
n
 
em
pl
o
y
e
d
 
as 
a 
volt
ag
e 

lev
el 
det
ect
or. 

W
h
e
n 
th
e 
inp
ut 

is 
bel
o
w 
th
e 
tri
g
g
eri
n
g 
lev
el 

TR
2
 
is 
switc

h
e
d
 
on
 
by
 
its
 
bas
e 
divi
d
er
 
net-

w
3r
k
 
R2 
an
d
 
R4, 

wit
h 
TR 
I 
switc

h
e
d 
off.

 
If 

th
e
 
in
p
ut
 
volt
a
g
e
 
is 
ma
d
e
 
to
 
ex
c
e
e
d
 
th
e 

e
mitt

er
 
volt
a
g
e
 
(n
e
gl
ecti

n
g
 
th
e
 
sm
all
 
bas
e-

INPU
T 

OU
T
P
U
T 

TRI
P 

LE
V
ELS 

e
mitt

e
r 
dr
o
p
 
at 
TR 
I) 
this
 
tra
nsist

or
 
be
gi
ns 

to
 
switc

h
 
on
 
an
d
 
TR
2
 
switc

h
es
 
off.

 
Sin
c
e 

th
er
e
 
ar
e
 
no
 
co
u
pli
n
g
 
ca
pacit

ors
 
in
 
this 

circ
uit, 

re
v
ersi

o
n 
to 
its 
ori
gi
n
al 
co
n
diti

o
n 
of 

TR
2 
on 
ca
n 
onl
y 
be 
ac
hi
e
v
e
d 
by 
re
d
u
ci
n
g 
th
e 

am
plit

u
d
e 
of 
th
e 
inp
ut 

sig
n
al 
bel
o
w 
th
e 
tri
p 

volta
g
e.
 
Th
e
 
switc

h
 
on
 
an
d
 
switc

h
 
off 

volt
ag
es
 
di
ffer
 
in 
lev
el
 
an
d
 
this
 
pr
o
p
e
rt
y
 
is 

oft
e
n
 
us
e
d
 
to 
sq
u
ar
e, 
or 
cli
p,
 
wa
v
es
h
a
p
es. 

Tr
a
nsi
st
o
rs:

 
N
K
T
2
7
4(
A), 

A
C 
I5
4(
E) 

17 



IS 

2I
—
MI
L
L
E
R
 
S
A
W
T
O
O
T
H
 
G
E
N
E
R
A
T
O
R 

Alt
er
n
ati
v
el
y 
kn
o
w
n 
as 
th
e 
Mill
er 

int
e
grat

or 
or
 
lin
e
ar
 
sw
e
e
p
 
ge
n
erat

or,
 
this
 
circ
uit
 
is 

oft
e
n
 
en
c
o
u
nt
er
e
d
 
wh
er
e
 
sa
wt
o
ot
h
 
wa
v
e-

for
ms 

ar
e
 
re
q
ui
r
e
d.
 
Cl,
 
DI, 

an
d
 
RI
 
cla
m
p 

th
e
 
inp
ut
 
positi

v
e
 
pe
a
ks 

to 
OV.

 
W
h
e
n
 
th
e 

inp
ut 

go
es
 
ne
g
ati
v
e 
TRI
 
is 
switc

h
e
d 
on 
an
d 

al
m
ost
 
all
 
th
e
 
su
p
pl
y
 
volt
a
g
e
 
is 
ap
pli
e
d
 
to 

TR
2
 
th
e
 
emitt

e
r
 
loa
d.
 
Sin
c
e
 
th
e
 
bas
e
 
is 

al
m
ost
 
at
 
zer
o
 
volts,

 
C2
 
ch
ar
g
es
 
to
 
this 

pot
e
nti
al.

 
As 
th
e 
puls
e 
in
p
ut 

go
es 

positi
v
e, 

TRI
 
is 
cut
 
off
 
an
d
 
C2
 
co
m
m
e
n
c
es
 
to
 
dis-

ch
ar
g
e
 
via
 
T
R
2
 
an
d
 
th
e
 
bas
e
 
bias
 
resist

ors 
R2
 
an
d
 
V
R 
I.
 
Th
e
 
dis
c
h
ar
g
e
 
of
 
th
e
 
Mill
er 

ca
pacit

o
r
 
C2
 
is 
ch
ar
act
eris

e
d
 
by
 
an
 
initi
al 

sm
all
 
ste
p
 
in
 
th
e
 
out
p
ut,
 
aft
er
 
whi
c
h
 
th
e 

bas
e
 
volt
ag
e
 
of
 
TR
2
 
re
m
ai
ns
 
co
nsta

nt
 
an
d 

C2 
co
nti
n
u
es
 
disc
h
ar
gi
n
g 
lin
e
arl
y 
on
 
a 
lon
g 

ti
m
e 
co
nsta

nt 
pr
o
d
u
ci
n
g 
a 
sa
wt
o
ot
h 
out
p
ut. 

33
011

 
Tr
a
n
si
s
t
o
rs:

 
2S
3
21
(
H
),
 
0
C
2
0
3(
F) 

22
—
S
U
P
E
R-
A
L
P
H
A
 
P
AI
R 

Al
p
h
a 
is 
th
e 
ter
m 
ori
gi
n
all
y 
us
e
d 
to 
indi
cat
e 

tra
nsist

or
 
cu
rr
e
nt
 
gai
n.
 
Su
p
er-al

p
h
a
 
pai
r 

deri
v
es 

its
 
na
m
e 
fro
m
 
th
e 
co
m
bi
n
e
d 
gai
n 
of 

tw
o
 
tra
nsist

ors,
 
th
es
e
 
bei
n
g
 
m
ulti

pli
e
d. 

Ot
h
er
wis
e
 
th
e
 
ch
ar
act
eristi

cs
 
ar
e
 
as
 
in
 
a 

gr
o
u
n
d
e
d
 
e
mitt

er 
sta
g
e. 

Tr
a
nsi
st
o
r: 

np
n
 
ty
p
e
-2
N
2
9
2
6(1
) 

23
—
D
A
R
LI
N
G
T
O
N
 
P
AI
R 

Has 
a 
ver
y
 
lo
w 
out
p
ut
 
im
p
e
d
a
n
ce
 
an
d
 
hig
h 

in
p
ut

 
im
p
e
d
a
n
c
e.
 
In
p
ut

 
im
p
e
d
a
n
c
e
 
is 

ap
pr
o
xi
m
at
el
y
 
eq
u
al
 
to
 
th
e
 
co
m
bi
n
e
d 

cu
rr
e
nt
 
gai
ns
 
of
 
th
e
 
tra
nsist

ors
 
multi

pli
e
d 

by
 
th
e
 
out
p
ut
 
im
p
e
d
a
n
c
e.
 
Ot
h
e
r
wis
e
 
th
e 

ch
aract

eristi
cs 
ar
e 
as 
in 
a 
gr
o
u
n
d
e
d 
coll
ect
or 

(e
mitt

er 
foll
o
w
er) 

sta
g
e. 

Tr
a
n
si
s
t
o
r:
 
np
n
 
ty
p
e
-2
N
2
9
2
6(1) 

24
—
B
O
O
T
S
T
R
A
P
 
A
M
P
LI
FI
E
R 

A
 
tec
h
ni
q
u
e
 
us
e
d
 
to
 
ac
hi
e
v
e
 
hig
h
 
in
p
ut 

im
p
e
d
a
n
c
e
 
wh
er
e
 
bas
e
 
bias

 
resist

ors
 
ar
e 

lik
el
y
 
to
 
sh
u
nt
 
th
e
 
in
p
ut,

 
is
 
kn
o
w
n
 
as 

bo
otstra

p
pi
n
g.
 
Her
e
 
al
m
ost
 
eq
u
al
 
an
d
 
in-

ph
as
e
 
volta

g
es
 
ar
e 
ap
pli
e
d
 
to 
eit
h
er 

en
d
 
of 

resist
or

 
R3.

 
Th
e
 
im
p
e
d
a
n
c
e
 
of
 
this 

isol
ati
o
n
 
resist

or 
ca
n
 
be 
co
nsi
d
er
e
d 
as 
ver
y 

lar
g
e, 
as 
onl
y 
a 
sm
all 

cu
rr
e
nt 

flo
ws.

 
T
R
2 
is 

th
e
 
emitt

er
 
loa
d
 
of
 
TRI

 
whi
c
h
 
acts
 
as
 
an 

e
mitt

er
 
foll
o
w
er.

 
As
 
is
 
us
u
al
 
wit
h
 
this 

ty
p
e 
of 
circ
uit, 

th
e 
in
p
ut 

im
p
e
d
a
n
c
e 
is 
hig
h, 

but
 
th
e
 
bias
 
divi
d
er
 
RI
-
R
2
 
w
o
ul
d
 
re
d
u
c
e 

th
e
 
im
p
e
d
a
n
c
e
 
"s
e
e
n
"
 
by
 
th
e
 
sig
n
al
 
if 
th
e 

bo
otstra

p
p
e
d
 
resist

or
 
R3
 
was
 
not 

incl
u
d
e
d. 

Cl
 
co
u
pl
es
 
ne
g
ati
v
e
 
fee
d
b
ac
k
 
fro
m
 
th
e

 
INP
U
T 

e
mitt

e
r
 
loa
d
 
to
 
im
pl
e
m
e
nt
 
this

 
bo
ot-

str
a
p
pi
n
g. 

Tr
a
n
si
st
o
rs:

 
T
RI

 
A
C1
0
7(
G), 

T
R
2
 
0
0
71
(
G) 
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1r 
I
—
G
R
O
U
N
D
E
D
 
BA
S
E 

R2
 
C2 

10 kft
 
100yf 

Lo
w
 
in
p
ut

 
im
p
e
d
a
n
c
e
 
to 

emitt
er;

 
hig
h

 
out
p
ut 

•m
p
e
d
a
n
c
e 
fro
m 
coll
e
ct
or. 

Cl 
acts
 
as
 
sh
o
rt
 
circ
uit
 
to
 
a.c. 

whil
e
 
bloc
ki
n
g
 
d.c.

 
Th
e
r
e-

;ar
e, 
th
e 
bas
e 
is 
gr
o
u
n
d
e
d 
to 

z.c.
 
an
d
 
co
m
m
o
n
 
to
 
bot
h 

In
p
ut

 
an
d
 
out
p
ut

 
sig
n
al 

circ
uits.

 
Us
e
d
 
for
 
matc

hi
n
g 

lo
w
 
im
p
e
d
a
n
c
e
 
so
u
rc
e
 
to 

am
plifi

e
r
 
sta
g
es.

 
Ph
as
e
 
shift 

ze
r
o;
 
a.c.
 
cu
rr
e
nt
 
gai
n
 
• 
I 
; 

a.c.
 
volt
a
g
e 
gai
n
 
hig
h. 

Tr
a
nsi
st
o
r:
 
0
0
71
(
G) 

2 

2
—
G
R
O
U
N
D
E
D
 
CO
L
L
E
C
T
O
R 

RI 

CI 
A

50yF 

.,
 
 

INP
U
T 

R2 
11111 

Hi
g
h
 
in
p
ut
 
im
p
e
d
a
n
ce;

 
lo
w 

out
p
ut
 
im
p
e
d
a
n
c
e.

 
Oft
e
n 

call
e
d
 
an
 
e
mitt

e
r
 
foll
o
w
er. 

De
c
o
u
pli
n
g 
ca
p
acit

or 
is 
so
m
e-

ti
m
es

 
co
n
n
ect
e
d

 
acr
oss 

su
p
pl
y

 
lin
es

 
to

 
re
d
u
c
e 

po
w
e
r

 
lin
e

 
im
p
e
d
a
n
c
e. 

Coll
ect
or

 
is
 
co
m
m
o
n
 
to 

in
p
ut
 
an
d
 
out
p
ut
 
circ
uits. 

Us
e
d
 
to
 
mat
c
h
 
am
pli
fi
e
r
 
to 

lo
w
 
im
p
e
d
a
n
c
e
 
loa
d.
 
Ph
as
e 

shift
 
ze
r
o;
 
a.c.
 
cu
rr
e
nt
 
gai
n 

hig
h;
 
a.c.
 
volt
ag
e 
gai
n
 
• 
I. 

Tr
a
nsi
st
o
r:
 
0
C
3
5(
C) 

3
—
G
R
O
U
N
D
E
D
 
EMI

TT
E
R 

RI 
18Y
R CI 

50yF 

INP
UT R2 

2.7k
fl 

-4.5
V 

C3 
50pF 

OU
T
P
U
T 

C2 

Me
di
u
m
 
in
p
ut

 
im
p
e
d
a
n
ce. 

Me
di
u
m
 
out
p
ut
 
im
p
e
d
a
n
c
e. 

Batt
e
r
y
 
positi

v
e
 
su
p
pl
y
 
lin
e 

is 
co
m
m
o
n 
to 
bot
h 
in
p
ut 

an
d 

out
p
ut
 
circ
uits.

 
Dec
o
u
pli
n
g 

ca
pacit

or
 
C2
 
sh
ort

 
cir
c
uits 

e
mitt

e
r
 
to
 
positi

v
e
 
su
p
pl
y 

lin
e 
as 
far 
as 
a.c. 

is 
co
n
c
er
n
e
d. 

Th
er
ef
or
e,

 
emitt

er
 
is 

co
m
m
o
n
 
to
 
bot
h
 
in
p
ut
 
an
d 

out
p
ut
 
cir
c
uits.

 
Ph
as
e
 
shift 

18
0
 
; 
at. 

cu
rr
e
nt
 
gai
n
 
hig
h; 

a.c.
 
volta

g
e
 
gai
n
 
hig
h. 

Tr
a
n
si
st
o
r:
 
0
0
71
(
G) 

4
—
B
A
S
E
 
C
U
R
R
E
N
T
 
D
RI
V
E 

Lo
w
 
inp
ut
 
im
p
e
d
a
n
c
e;

 
so
u
rc
e
 
ca
n
 
be 

co
u
pl
e
d 
in 
seri
es 

wit
h 
bas
e 
inst
e
a
d 
of 
in 
th
e 

emitt
e
r
 
cir
c
uit,

 
wh
er
e
 
hig
h
 
curr

e
nt
 
gai
n
 
is 

re
q
ui
r
e
d
 
an
d
 
w
h
er
e
 
th
e
 
nor

m
al
 
co
m
m
o
n 

bas
e
 
circ
uit

 
is
 
uns
uit
a
bl
e.
 
Tra
nsf
or
m
er 

ca
n
 
be 
us
e
d 
to 
mat
c
h 
al
m
ost 

an
y 
im
p
e
d
a
n
ce 

to 
th
e 
bas
e.
 
A.
C. 
sig
n
al 
is 
su
p
eri

m
p
os
e
d 
on 

ver
y 
sm
all 

bas
e 
bias 

cu
rr
e
nt, 

det
er
mi
n
e
d 
by 

val
u
es
 
of
 
RI
 
an
d
 
R2.

 
Val
u
es
 
of
 
co
m-

po
n
e
nts
 
not 

giv
e
n
 
beca

us
e
 
th
e
y
 
de
p
e
n
d
 
on 

th
e
 
ch
aract

eristi
cs
 
of
 
th
e
 
tra
nsf
or
m
er
 
an
d 

sig
n
al 
so
u
rc
e 
im
p
e
d
a
n
c
e. 

Tr
a
nsi
st
o
rs:

 
0
0
71
(
G),

 
N
K
T
21
4(
A), 

A
C 
15
5(
E) 

C1 
50y
F 

0-
-

INP
U
T 

5
—
D
RI
V
E
R
 
S
T
A
G
E 

E
p
 
-9
V 

OU
T
P
U
T 

to 
push 

pull 
'toot 

45:
1
+1 

TT
4
5 

C2 100oF 

Co
m
m
o
n
 
e
mitt

er
 
sta
g
e
 
wit
h
 
a 
coll
e
ct
o
r 

cu
rr
e
nt 

of 
ab
o
ut
 
3m
A.
 
Th
e
 
coll
e
ct
or
 
loa
d 

is 
th
e
 
tra
nsf
or
m
e
r
 
pri
m
ar
y
 
co
u
pl
e
d
 
to
 
a 

class
 
B
 
pus
h-
p
ull
 
pai
r.
 
Sp
eci
al
 
pac
k
a
g
es 

co
ntai

ni
n
g
 
all
 
thr
e
e
 
tra
nsist

ors
 
(m
at
c
h
e
d) 

ca
n
 
be
 
obtai

n
e
d.
 
If 
th
e
 
ch
aract

eristi
cs
 
ar
e 

dissi
mil
ar,

 
se
v
er
e
 
dist
orti

o
n
 
is
 
lik
el
y. 

Ide
all
y
 
th
e
 
tw
o
 
hal
v
es
 
of
 
T1
 
sec
o
n
d
ar
y 

sh
o
ul
d
 
be
 
bifil
ar
 
w
o
u
n
d,
 
i.e.
 
bot
h
 
hal
v
es 

w
o
u
n
d
 
at 
th
e
 
sa
m
e
 
ti
m
e
 
so
 
th
at
 
th
e
 
wi
r
es 

lay
 
sid
e-
b
y-si

d
e.
 
Co
m
m
erci

al
 
ty
p
es
 
ar
e 

av
ail
a
bl
e
 
(e.
g.
 
Re
p
a
n
c
o 
TT
4
5). 

Tr
a
n
si
st
o
rs:

 
2
G
3
81
(
H
),

 
O
C
R! 
(G), 

N
K
T
2
7I
(
A), 

A
CI 
54(
E) 
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25
 
&
 
26
—
D.
C.
 
C
L
A
M
P
S
 
T
O
 
A
 
R
E
F
E
R
E
N
C
E
 
V
O
L
T
A
G
E 

Cl
a
m
pi
n
g 
is 
th
e 
tec
h
ni
q
u
e 
of 
shifti

n
g 
a 
wav
e-

for
m
 
so
 
th
at 

eit
h
er
 
its
 
positi

v
e 
or
 
ne
gati

v
e 

pe
a
ks 
ar
e 
fix
e
d 
at 
so
m
e 
refer

e
n
c
e 
lev
el.

 
If 
a 

trai
n 
of 
puls
es 

is 
pass
e
d
 
th
r
o
u
g
h 
a 
ca
pacit

or 
th
e 
me
a
n 
d.c. 

lev
el 
is 
bl
oc
k
e
d.
 
In 
th
e 
cla
m
p 

25
—
D.
C.
 
C
L
A
M
P
 
T
O
 
P
O
SI
TI
V
E 

V
O
L
T
A
G
E 

OV 

OV 

20 

cir
c
uits 

th
e 
di
o
d
es 

DI
 
rest
or
es 

th
e 
d.c. 

lev
el 

so
 
th
at
 
th
e
 
pe
a
ks
 
ar
e
 
cla
m
p
e
d
 
to
 
th
e 

refer
e
n
c
e
 
volt
a
g
e.
 
In
 
th
e
 
exa
m
pl
es
 
giv
e
n 

bel
o
w 
th
es
e
 
pe
a
ks 

ar
e
 
ne
g
ati
v
e. 

26
—
D.
C.
 
C
L
A
M
P
 
T
O
 
Z
E
R
O 

V
O
L
T
A
G
E 

27
—
S
E
RI
E
S
 
DI
O
D
E
 
LI
MI
T
E
R 

N
o
r
m
al 
ou
t
p
ut 

DI 0A
81 

RI
 
—8

1/ 
6.81E11 

+4
V
 
BIA
S 

+4
V 

+4
V 

O
u
t
p
u
t 
wi
t
h 

di
o
d
e
 
re
v
e
rs
e
d 

Cli
p
p
e
r 
or 
limit

e
r 
circ
uits

 
ar
e
 
us
e
d
 
wh
e
n
 
a 

parti
c
ul
ar
 
wa
v
efor

m,
 
not
 
nec
essaril

y
 
sin
u-

soi
d
al, 

is 
re
q
ui
r
e
d 
whi
c
h 
lies 

ab
o
v
e 
or 
bel
o
w 

so
m
e
 
refer

e
n
c
e
 
lev
el.

 
Sin
c
e
 
th
e
 
for
w
ar
d 

resista
n
c
e 
of 
a 
di
o
d
e 
is 
lo
w, 
an
d
 
it
s
 
re
v
ers
e 

resista
n
c
e
 
hig
h,
 
wh
e
n
 
th
e
 
inp
ut
 
volt
a
g
e 

rais
es
 
th
e
 
6at
h
o
d
e
 
lev
el
 
ab
o
v
e
 
th
e
 
bias 

pot
e
nti
al,
 
DI
 
do
es
 
not
 
co
n
d
u
ct
 
an
d
 
th
e 

out
p
ut
 
re
m
ai
ns
 
at
 
th
e
 
bias

 
pot
e
nti
al. 

Du
ri
n
g
 
th
e
 
re
m
ai
n
d
e
r
 
of
 
th
e
 
cy
cl
e,
 
th
e 

di
o
d
e
 
co
n
d
u
cts

 
an
d
 
th
e
 
out
p
ut
 
volta

g
e 

al
m
ost
 
eq
u
als
 
th
e
 
inp
ut.

 
W
it
h
 
th
e
 
di
o
d
e 

re
v
ers
e
d, 

co
n
d
u
cti
o
n 
onl
y 
occ
u
rs 

wh
e
n
 
th
e 

positi
v
e
 
pe
a
ks
 
ex
c
e
e
d
 
th
e
 
bias
 
pot
e
nti
al. 

28
—
S
H
U
N
T
 
DI
O
D
E
 
LI
MI
T
E
R 

18V 0 

—8V
 
+ 
OA
B1 

+4
V 
BIA
S 

N
o
r
m
al 

out
p
u
t 

+4V 0 

—8
V 

R2 101111 
44
V 0 

O
u
t
p
ut 

wi
t
h 

di
o
d
e
 
re
v
e
rs
e
d 

Th
e
 
sh
u
nt
 
di
o
d
e
 
cli
p
p
er
 
uses
 
th
e
 
di
o
d
e
 
to 

sh
ort-ci

rc
uit 

th
e 
out
p
ut 

ab
o
v
e 
th
e 
4V
 
bias. 

W
h
e
n
 
th
e
 
inp
ut
 
volta

g
e
 
is 
less
 
th
a
n
 
th
e 

bias
 
pot
e
nti
al
 
th
e
 
out
p
ut
 
wav
ef
or
m
 
is 

al
m
ost

 
ide
nti
cal

 
sinc
e
 
th
e
 
di
o
d
e
 
is
 
not 

co
n
d
u
cti
n
g.
 
W
h
e
n
 
th
e
 
inp
ut

 
volta

g
e 

ex
c
e
e
ds

 
th
e
 
bias

 
pot
e
nti
al
 
th
e
 
di
o
d
e 

co
n
d
u
cts
 
an
d
 
sh
u
nts
 
th
e
 
loa
d
 
resista

n
c
e
 
so 

that
 
th
e
 
out
p
ut

 
volta

g
e
 
onl
y
 
sli
g
htl
y 

exc
e
e
ds
 
th
e
 
bias

 
pot
e
nti
al.

 
W
it
h
 
th
e 

di
o
d
e 
re
v
ers
e
d, 
th
e 
pe
a
ks 

ar
e 
cli
p
p
e
d 
at 
th
e 

bias 
volt
ag
e. 
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3I
—
S
T
A
BI
LI
S
E
D
 
T
R
A
N
SI
S
T
O
R
 
P
O
W
E
R
 
S
U
P
P
L
Y 

29
—
D
O
U
B
L
E
 
P
A
R
A
L
L
E
L
 
C
LI
P
P
E
R
 
O
R
 
S
LI
C
E
R 

In 
th
e 
sli
c
er 

th
e 
tw
o 
bias
e
d
 
di
o
d
es 

co
m
bi
n
e 

to
 
tri
m
 
th
e
 
in
p
ut
 
pe
a
ks
 
alt
er
n
at
el
y
 
w
h
e
n 

th
e 
positi

v
e
 
an
d
 
ne
gati

v
e 
half 

cycl
es 

ex
c
e
e
d 

th
e
 
res
p
e
cti
v
e
 
di
o
d
e
 
bias
 
pot
e
nti
als.

 
Th
e 

di
o
d
es
 
act
 
as
 
sh
u
nts
 
for
 
th
e
 
pea
ks
 
ab
o
v
e 

. 
4V 

(bi
as 

volt
ag
e). 

30
—
T
RI
G
G
E
R
 
P
U
L
S
E
 
S
H
A
P
E
R 

CI
 
D1 

33
0pF

 
0A131 

K 

22 

M
ost 

switc
hi
n
g 
so
u
r
c
es 

pr
o
d
u
c
e 
recta

n
g
ul
ar 

wa
v
ef
or
ms
 
whi
c
h
 
ge
n
erall

y
 
ha
v
e
 
to
 
be 

sh
a
p
e
d
 
to
 
pr
o
vi
d
e
 
an
 
effe
cti
v
e
 
tri
g
g
e
r
 
for 

ot
h
er
 
puls
e
 
cir
c
uits.

 
In 
th
e 
sh
a
p
er 

sh
o
w
n, 

Cl
 
an
d
 
RI
 
for
m
 
a 
di
ffe
r
e
nti
at
or
 
whi
c
h 

co
n
v
erts

 
th
e
 
re
cta
n
g
ul
ar
 
wa
v
e
 
in
p
ut
 
int
o 

positi
v
e
 
an
d
 
ne
g
ati
v
e
 
goi
n
g
 
spi
k
es,

 
th
e 

wi
dt
h 
of 
eac
h
 
bei
n
g 
de
p
e
n
d
e
nt 

on
 
th
e 
ti
m
e 

co
nsta

nt
 
C,
R,.

 
Th
e
 
di
o
d
e
 
effecti

v
el
y 

re
m
o
v
es
 
th
e
 
lo
w
e
r
 
spi
k
e
 
so
 
th
at
 
th
e 

out
p
ut
 
pr
ovi
d
es 

on
e
 
positi

v
e 
goi
n
g
 
narr

o
w 

puls
e
 
for
 
on
e
 
inp
ut
 
cy
cl
e.
 
Al
m
ost

 
an
y 

sm
all

 
sig
n
al
 
di
o
d
e
 
ca
n
 
be
 
us
e
d.
 
Th
e 

re
m
ai
ni
n
g
 
sm
all
 
ne
gati

v
e
 
pip
 
is 
du
e
 
to
 
th
e 

re
v
ers
e 
di
o
d
e
 
resist

a
n
ce. 

PSI 2A
 
240V 

•. 
.• 

ax. 
MAI
N
S 

INP
UT 

Na
_

c,0
4.• 

• 

22
0
V 

• 

r
j
 

13V 
15
0 
n.A 

02 

4 
• 
0A
2
02 

03 
04 

Of 
th
e 
thr
e
e 
mai
n 
ty
p
es 

o 
recti

fi
cati

o
n
 
th
e 

bri
d
g
e
 
recti

fi
e
r
 
sh
o
w
n
 
her
e
 
(DI,

 
2,
 
3, 
4) 

offers
 
th
e
 
lo
w
est 

im
p
e
d
a
n
c
e 
so
u
rc
e 
for 

d.c. 
su
p
pli
es,
 
an
 
im
p
orta

nt
 
fact
o
r
 
wh
e
n
 
usi
n
g 

a
m
pli
fi
er
 
circ
uits

 
to
 
ac
hi
e
v
e
 
ac.
 
sta
bilit

y. 
Ideal

 
so
u
rc
e
 
im
p
e
d
a
n
c
e
 
is 
ze
r
o
 
but
 
is 
not 

practi
ca
bl
e.
 
Ve
r
y 
hig
h 
val
u
es 

of 
sm
o
ot
hi
n
g 

ca
pacit

o
r 
ar
e
 
us
e
d
 
to
 
re
d
u
c
e
 
im
p
e
d
a
n
c
e
 
to 

lo
w
est

 
fig
u
r
e.
 
If
 
a 
volta

g
e
 
sta
bilis

e
r
 
is 

co
n
n
ect
e
d
 
to
 
th
e
 
out
p
ut
 
fro
m
 
th
e
 
bri
d
g
e 

circ
uit,

 
an
y
 
flu
ct
u
ati
o
n
 
of
 
loa
d
 
resista

n
c
e 

(R,.)
 
is 
us
e
d
 
to
 
co
ntr
ol
 
th
e
 
volta

g
e
 
out
p
ut 

fr
o
m
 
T
RI.

 
If 
R1.
 
falls,

 
th
e
 
out
p
ut
 
volta

g
e 

te
n
ds 

to 
dr
o
p.
 
A 
d.c.
 
volt
a
g
e 
is 
pic
k
e
d 
off 

C1 150
0 

25
V 

R2 
68
0 ft 

RI 1.1k
A HS
2
07
5 

OR
 
ZL
7.
5 

TR1 

TR
2 

e, 
05 7.5
V 

ZE
NE
R 

R3 VRI 

LIN R4 560L1 

—8
V 
TO 
—13V 1 

C2 1500yF 
25
V 

DV 

by
 
th
e
 
pot
e
nti
al
 
divi
d
er
 
R3,
 
VR 
I,
 
R4
 
to 

co
ntr
ol 
th
e 
cu
rr
e
nt 

th
r
o
u
g
h 
TR
2 
an
d
 
he
n
c
e 

TRI.
 
TR
2
 
bas
e
 
go
es
 
m
or
e
 
ne
g
ati
v
e,
 
TRI 

emitt
er
 
volta

g
e
 
ris
es
 
th
us
 
rest
ori
n
g
 
th
e 

out
p
ut 

volt
ag
e.
 
CI
 
re
d
u
c
es 

th
e 
im
p
e
d
a
n
c
e 

acr
oss 

th
e 
bri
d
g
e 
an
d 
sm
o
ot
hs 

th
e 
d.c.

 
C2 

re
d
u
c
es
 
th
e
 
im
p
e
d
a
n
c
e
 
at
 
th
e
 
out
p
ut 

ter
mi
nals 

an
d 
re
d
u
c
es 

th
e 
rip
pl
e 
to 
less 

th
a
n 

5m
V
 
at
 
10
V
 
out
p
ut.

 
Ma
xi
m
u
m
 
cu
rr
e
nt 

ca
pacity

 
15
0
m
A.
 
D5
 
is 
a 
Ze
n
e
r
 
di
o
d
e
 
to 

fix 
TR
2 
emitt

e
r 
volt
ag
e 
at 
7.5
V. 

Tr
a
nsi
s
t
o
rs:

 
T
RI

 
N 
K
T
3
0
4(
D),

 
T
R
2 

N
K
T21
7(
A) 

23 



CI 
SpF 

6
-4
6
5
k
H
z
 
I.F.
 
A
M
P
LI
FI
E
R 

RI
 

R7 
C4
 
56pF 

CS
 
18pF 

1 
2
0

 
3 
9k11 

•
 
 4.1 

c 
LINE 

Tu
n
e
d 
am
plifi

er 
wit
h 
tra
nsf
or
m
er 

pri
m
ari
es 

tu
n
e
d
 
to
 
th
e 
if.
 
Hi
g
h 
fre
q
u
e
n
cy
 
tra
nsist

ors 
ess
e
nti
al.
 
Bas
e
 
volt
a
g
e
 
is
 
det
er
mi
n
e
d
 
by 

pot
e
nti
al
 
divi
d
er
 
(R
2
 
an
d
 
R3)

 
in
 
co
n-

ju
n
cti
o
n 
wit
h 
a.g.
c. 
volta

g
e.
 
Bas
e 
of 
TR 
I 
is 

cur
r
e
nt 

dri
v
e
n 
by 
TI 
: 
pri
m
ar
y 
is 
co
n
n
ect
e
d 

to
 
th
e
 
r.f.
 
mi
x
er
 
(n
ot
 
sh
o
w
n).

 
Se
c
o
n
d 

C6 
0-2
5pF 

56 4 
71
0. 

-
7V 

TO 
DET
ECTOR 

stag
e
 
is 
si
mil
ar
 
but
 
wit
h
 
hig
h
er
 
cu
rr
e
nt 

drai
n.

 
Fe
e
d
b
ac
k
 
is
 
pr
o
vi
d
e
d
 
by
 
RI,
 
C4, 

R7,
 
an
d
 
CO.

 
Th
e
 
tra
nsf
or
m
ers
 
sh
o
w
n
 
ca
n 

be
 
Re
p
a
n
c
o
 
ty
p
e
 
X
T
2
6
 
for
 
TI
 
an
d
 
T2; 

X
T
2
7 
for 

T3. 

Tr
a
n
si
s
t
o
rs:

 
N
K
TI
4
2(
B),

 
2G
3
0I
(
H), 

0
C
45(

G) 

7
—
DI
R
E
C
T
 
C
O
U
P
L
E
D
 
S
M
A
L
L
 
SI
G
N
A
L
 
A
M
P
LI
FI
E
R 

52 
27
k
ft 

r
,

 TRI 
INP
UT 

-9
V 

R7
 
-1
2
Y 

4.7Y
O 

C4
 
5

12
L
o
iF 

OU
T
P
U
T 

C5
 
rk
, 

100pF 

Gr
o
u
n
d
e
d
 
e
mitt

er 
co
n
fi
g
u
rati

o
n:
 
bas
e
 
bias 

is 
ta
k
e
n
 
fro
m
 
T
R
2
 
e
mitt

er
 
to
 
TR 
I 
bas
e. 

Th
e
 
bias 

on 
TR 
I 
bas
e
 
is 
dir
ectl

y
 
co
ntr
oll
e
d 

by 
T
R
2 
coll
e
ct
or 

cu
rr
e
nt, 

w
hi
c
h 
aut
o
m
ati
c-

all
y 
sets 

th
e 
w
or
ki
n
g 
poi
nt 
of 
T
R 
I , an

d 
he
n
c
e 

T
R
2
 
th
r
o
u
g
h
 
th
e
 
pot
e
nti
al
 
divi
d
e
r
 
RI,
 
R6. 

Th
e
 
bias
 
poi
nt
 
of
 
TR
2
 
is 
set
 
by
 
th
e
 
co
n-

tr
oll
e
d 
cu
rr
e
nt 

thr
o
u
g
h 
TR 
I 
coll
e
ct
or 

loa
d. 

Di
r
ect 

co
u
pli
n
g
 
bet
w
e
e
n 
T
R 
I 
coll
e
ct
or 

an
d 

T
R
2
 
bas
e
 
is
 
ess
e
nti
al
 
for
 
this
 
op
e
rati

o
n. 

Th
e
 
inp
ut
 
im
p
e
d
a
n
c
e
 
is
 
1k 
t
 
for
 
a 
50
d
B 

gai
n.
 
De
c
o
u
pli
n
g
 
of 
th
e 
su
p
pl
y
 
lin
e
 
by
 
R7 

an
d
 
C5
 
en
a
bl
es
 
this
 
circ
uit
 
to
 
be
 
us
e
d
 
in 

fro
nt 

of 
th
at 

sh
o
w
n
 
in 
Fig. 

8.
 
R8 

indi
cat
es 

dec
o
u
pli
n
g 
resist

or 
val
u
e 
for
 
--9
V 
su
p
pl
y. 

Tr
a
n
si
s
t
o
rs:

 
0
0
71
(
G
),

 
N
K
T
2I
4(
A), 

A
C 
15
5(
E) 

5 



8
—
DI
R
E
C
T
 
C
O
U
P
L
E
D
 
D
RI
V
E
R 

Sa
m
e
 
pri
n
ci
pl
e
 
as
 
ap
pli
e
d
 
in
 
Fig.
 
7
 
but 

ha
n
dl
es
 
lar
g
er 

sig
n
al
 
pri
o
r 
to 
th
e
 
pus
h-
p
ull 

out
p
ut
 
sta
g
e.
 
Ca
n
 
be
 
co
u
pl
e
d
 
to
 
circ
uit 

sh
o
w
n
 
in 
Fig. 

7 
if 
us
e
d
 
wit
h
 
27
k
0
 
resist

or 
an
d 
0.0
0
5/4
F 
ca
pacit

or
 
in 
par
all
el
 
co
n
n
e
ct
e
d 

in 
seri
es 

wit
h
 
th
e
 
in
p
ut. 

Tr
a
nsf
or
m
er

 
det
ails:

 
Bo
b
bi
n
 
iin

 
fin 

bor
e;
 
Pri
m
ar
y
 
19
0
0, 
tu
r
ns
 
42 
s.
w.
g.
 
en
a
m. 

L
 
8.2
H, 
D.
C.
R.

 
21
7
0.
 
Sec
o
n
d
ar
y 
tw
o 

bifil
ar
 
wi
n
di
n
gs
 
95
0
 
tu
r
ns
 
eac
h
 
40
 
s.
w.
g. 

en
a
m.

 
1. 
— 
2.0
5
H,

 
D.
C.
R.
 
= 
10
5
0
 
for 

eac
h
 
half.

 
La
mi
n
ati
o
ns
 
15 
mil
 
mu
m
etal. 

Tr
a
nsi
s
t
o
rs:

 
0
0
71
(
G),

 
N
K
T
21
4(
A), 

A
C1
5
5(
E),
 
0
0
81 
0(
G),
 
N 
K
T
2
7
2(
A) 

6 

INP
U
T Cl 

50pF 

T1
 
b
 
—1
2
V 

'kr 
R2

 
OU
T
P
U
T 

to 
push 

pull 
stags 

9
—
C
L
A
S
S
 
B
 
P
U
S
H-
P
U
L
L
 
O
U
T
P
U
T 

Th
e 
bas
es 
ar
e
 
18
0
 
out 

of 
ph
as
e 
(d
et
er
mi
n
e
d 

by 
dri
v
e
r 
tra
nsf
or
m
er 

co
n
n
ecti

o
ns).

 
Bias 

is 
pr
o
vi
d
e
d
 
by
 
R7

 
an
d
 
R8.

 
Cr
oss
o
v
er 

dist
orti

o
n
 
ca
n
 
res
ult
 
fro
m
 
th
e
 
sli
g
ht
 
no
n-

lin
earit

y
 
at
 
ver
y
 
lo
w
 
bas
e
 
cu
rr
e
nts,

 
so 

tra
nsist

ors
 
ar
e
 
giv
e
n
 
a 
sm
all
 
bias
 
to
 
partl

y 
offs
et
 
this.

 
Eac
h
 
tra
nsist

or
 
co
n
d
u
cts

 
on 

alt
er
n
at
e
 
half 

cycl
es
 
w
hi
c
h
 
ar
e
 
rec
o
m
bi
n
e
d 

in
 
th
e
 
out
p
ut
 
tra
nsf
or
m
e
r.

 
Tra
nsf
or
m
er 

details:
 
Bo
b
bi
n
 
iin
 
= 
tin
 
bor
e;
 
Pri
m
ar
y 

tw
o 
bifil
ar 

wi
n
di
n
gs
 
17
8 
tu
r
ns 

eac
h 
31 
s.
w.
g. 

en
a
m.

 
L 
=
 
19
0
m
H,

 
D.
C.
R.

 
3.3
0
 
for 

eac
h
 
half.

 
Se
c
o
n
d
ary

 
29
 
tu
r
ns
 
20
 
s.
w.
g. 

en
a
m.

 
L 
= 
5.2
5
m
H,

 
D.
C.
R.
 
=
 
< 

La
mi
n
ati
o
ns
 
15 
mil 

m
u
m
etal.

 
Po
w
er 

out
p
ut 

500
m
W 
int
o 
3
0 
lou
ds
p
e
a
k
er 

w
h
e
n 
co
u
pl
e
d 

to
 
circ
uit
 
in
 
Fig.
 
8.
 
Heat

 
sin
ks
 
m
ust

 
be 

us
e
d, 

35s
q 
cm
 
18 
s.
w.
g. 
alu
mi
ni
u
m. 

Tr
a
nsi
st
o
r:
 
O

M 
(G) 

INP
UT 

tro
m 

driver 
tronsf 

m'r 

Fetdbict
 
to

 
R5

 
100k11 

best
 
of 
driver

 
.
."
—

A
A
A
-

-
-

7 



II
—
C
O
M
P
L
E
M
E
N
T
A
R
Y
 
S
Y
M
M
E
T
R
Y 

10
—
SI
N
G
L
E
 
E
N
D
E
D
 
P
U
S
H-
P
U
L
L
 
O
U
T
P
U
T 

TRI
 
an
d
 
TR
2
 
ca
n
 
be
 
co
nsi
d
er
e
d
 
as
 
tw
o 

se
parat

e
 
class

 
B 
op
erat

e
d
 
sta
g
es.

 
Bias

 
is 

pr
o
vi
d
e
d
 
by
 
RI
 
an
d
 
R2 
for 

TR 
I, 
an
d
 
R3 
an
d 

R4
 
for
 
TR
2.
 
Sin
c
e
 
th
e
 
ne
g
ati
v
e
 
an
d 

positi
v
e
 
su
p
pl
y
 
lin
es
 
ar
e
 
co
m
m
o
n
 
to
 
ac., 

TRI
 
co
n
d
u
cts
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e
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e
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2 

co
n
d
u
cts
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alt
er
n
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e
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es.

 
Th
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out
p
ut 

is 
tak
e
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e 
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es 
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m
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y
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I.5
m
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D.
C.
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0
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n
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N
o
 
out
p
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e
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e
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o
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ar
e
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e
r
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