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Tecot doéa 2.42 b

Tha redaFion bcPw.een ,‘u'o“gﬂr: corfrol

potcrnbiometer + and noload awtpuf' voltage . of fhe plate voltoge

Stpply  UmF
;
relnfive megsuremenf no. ‘Errar From .Measure. Mo | grpecting
e ek | 4 2 |, 3 4 2 3 value
{ e o a e o o o
2 25 23 _ 25’ - 1.0 - 1.0 -1.0 24
3 4 5.8 +E|_ { 4 7 - 1.2 2 - b A8
4 72.3 72 73 +o0.% 0 t g | 7E
5 q8.1 T5 g8 + 2.0 t+ 20 +2.40 36
b 2T 122 122 4.7 + 2.0 1 2.0 f2¢
> laa.0 - 45 ! +1o 1.0 144
& 169.3 | 68 168 +1.3 T1.0 + 1.0 108
G rag.8 | 191 188 - 1.2 -1e | -0 192
10 25 zl3 213 -2 - A0 -3.0 216
.{4 2z4 b d 237 -4 - 3.0 -35.0 248
12 234 za'o 260 ~4.0 - 4.0 -44 254
414 28% ead 284 - 5.0 -d-0 -4.8 ZB8
14 11 05 oL - 5.0 - 5.0 -5.0 300
) ::9 . B5 a. . ';- ,_«'.. !
Noke Finel r:rIuF'Pm‘- wﬁ‘aﬁe range as sak E«J-I.—;.recn a8 ane 276 velts




¥

S e .._E..m.Em.E.qL_
L 5
,
]
- .
™%
' :

A wc wEw.._,.q.ﬂ.: m,.mum Etcﬁ

?n._amn payed 2 mn_w.?_.._.._ 2404

Fuj

LT

. ¥
: .
Y
. 1
'
- .

FIPTIIT A L

40 wﬂu:ﬁwwimm_.n.m..._m,ﬁ.u.wmm._.m&ﬁ._ﬁ.m;ww




Ageauy Addns ,u_uc:c? e pod Bud

F e S wa oty

WXMMWN.@.. Dﬂ_\q Q Q Q ﬁa( D Q h.ww Qﬂm@.

+ 0gj-—= Loz

e e e -.-I. ..-.-
= O ]
IR %, —_— = I
% ¢ : _
..... Y S
- = ./..r
%

= 3 =
i
f
F

H C - e e . hrh.____..__ﬂ.___hﬂu_..“_.___.ﬁ_.ﬁ..__wm..|... - - i ... /_-J__
Tty avauri L aspfioTTT ) = ENC - . =

gord 2bugor Aftds aw” T T —

. ——— i .
] Lo -
B T TN T 7> r 5 B Y N S -— KR W — —
LLEhE . ; - .
o N S A IS S ..!rt.-:.:..ﬁ.....l .
. . ...- N e - . R

5 3o oo 60 6 5 G n e Q_

uh_uu-ﬂ.mmﬂ AHYHD ¥STH EEVIN DDG}JEUZ 0D ZDHI.._.P_Q_E S w £33

R T




_h._tcuc.__ Addre zbojoa 3401d 92w

Big

———

i . : .
- |_.n o - r T : . :
— 2, 1 m - - 0 T n
.S, P ! - H ! i - = |
0 o I ; *l : ] i L) ek e
' T --..:na.. B i ! [ 1 R T ' ! i
- OV MR SN SRS B A N S S N i
r—— e _ . . : IR i i L :
- - -_——— i . - ——r e — - _—— -—— 5
ﬂ T " I i : i i ! I E— . i 3 :
T T, i i L ' ; : H : i P
w 024 : ; o : : T Q8 ] 3
N Y i N P i : H i : I
| I . ey - [ - H ; T - T i ]
B S—— ; Y S S O SR -
— 1 1 -y H H : - Lt ; :
- H H M _ .4 . i : ! R
i " PR I : T FE N R BT
: h ERN H 1 P L [ I - |
o - - _, o T e e i ; ; ! EE RN
LM wla, i BTN S : N | . ¥ 4
e e e L s S .| o s i R £
1 T n S| ; . .. : i.. i i ;
t ] i ok ! [ : “ . . ; »
L 3 r ¢ L R i i i ! : t Xl i :
; f | rf-._mf H : : g ] - e
. ! b I | S i I | ] 1 : |
] s 11 I VT, R T W/ § S ol S
= : Pt I AL i 1 [ i I i N
vy . ! : i N i ; I et 4
™ [ Ju...“q T : | T h Fl g 4 G. H 1 " = 7
1 i | ﬂf ; : i : ; L T b
L Rl I ; i L F— 5
- : 3 . : !
[ ; ' ! ; i T
: i i
1 . _
- - [

1
[
[
¥
f
I

T
. 1
Li-¥ M;:.I.. ._rx ._._1._ -2
SRS e
—| —+ T ]
o {1 T
I L
e |I... |
i : .
. - . A
L i B .
; H B ! B
; -
N P : ; i o
* 1 h T =

ozl

ooomoooo

IU SIS ._mm.q_E DGGP_._.EDZ :_D.U ZGMI.—.?.QE

...._.umm zm :.Em_m

T ABIE T A2k



- A5 =~

4

a|v3s sbojon ayoid jo jolm 2w cBu

ke e LA+ B L = —r— - - - m - ..|. .. " T =
P R PSRN .._ __ e “
00 0 DE;ND 0 _D D%_b O L 0 D O O 0
£ T . RS
A LRI u.wﬂ._“. ﬂ_w ||.um_.nuull. nﬁi - .
- O — S S —— S—— S— =
—-— o S — ;- .
1 s i _ B
L 1 - FIA - ."m ¥ :
: I _ N S _
E! i = i M E I .
. i otz Ch. 0Lt : ol
- o | S TR N T
g : : — - =
o “ET i i - A
- L ¥ % — :
-1 == i Y G -
= ozz w_ odi 00s S
e — ; & - —1.0
o e ¢ _“ N —
—= . |
— | ; - =RE
g ‘ I i ; s
uln H O ."-...n.___ i Qmmh G2
-

L FINISH

RN m \ : 11
Lyt v ia e &= H
e — H—" i B e ] — - b
= U L 4}= PR
_ vl - [M [E] g -
) X - 1 T le o 4 . .1P
H [ - N |.; _ 1 N L
.“_. = - il 1 - 4
m i : ! ]
w. p N n I k
: : : ! . : : . | :
- orrE q&.._.hl.q..r:u RN 3 : N - ) h L Hi }

T SR S

e
FITT

_“

- .Uw._ — —-0°
o 010 o__o ©i O
4

5] mm,qz 'AOOMBON 0D, zomit_&m o F

o

o oi0 oo o

_”
L. . y
- 133 Wi ¢ E.Emn __mtum-wmﬁ LUYHD,




S aros abogon spe1d 4o 4ol B G

i S

T m— —r e . ]~

ﬁcmD m} Qoqm@ D O Qam_,m@ _)ﬂ B O ﬁq@ D

_"1.

- 37 =

[

ALIT: OFEl a1 P .,...E.H- 43N 4171
e e e g B O . . - : -
S N —— | N — E— T
— |- et . A —— -
o — OEE. : Ol I— gt
- — . - : T "
I ! ! : JIl-I“
—_— ] ————— - I|.-.. 1
. — - Sl _ - - -
e : — s
B . e - : i I” _ —I.L.L._
s I : -1 7
_. 1 ”.. 4 ..“__ . _ - -
R : Ee R e
: G : ) 1 g7 i 3 _ I
| 1 | e B
1 e ol= o5 Caig— _m
_H p X! - T .. Hi- P ..l. B
B ne et AN T ST s R Rl _ﬂm . 3
iz B - -1 OF S A = : . — W :
N

.,
i’
I

e i

2 047t ov: w 5
.  ———— i e u ,_, e
] . r : e :
- s B SR . - : ;
5 i : 3
h - ; d
RN AP L 0] R B —T — —deee—
; - : —_ - 1 ] 3
ol G elof! i o74
. e e e e |... h e i ..n
w. ] . . - : _ e

Inrooo_ooo.o ooooﬁ

§
Lo LASS NI HALAD IDLICS-PEIZ ANVHD v'sN mqu 'QOOMHON "0 zomr;dm g

bl P oo i




o 38 =
Test ntna 2,43

lipel and oul‘pd’ v.g”‘agf. :‘rac.ﬁcfﬁg Fest of  buffer am‘,m"inerg_

BUFFER AMPLIFIER Fom PsITIVE RETURN oF &FID VOLTASE sUFPLY UHIT

i 1
InPuF voﬁaﬂg il .25 | .50 75 ;,a' [25 L5 175 2.8 {225 | 2.5
Out put volfage = )
. -57 [=.%2 |-a7 [(+07F |+.42 |+ .87 J+.F) |+L1E | 4ldE [HLEE |2y
‘u"u“'age eli Herence '
57 |57 | -58 | -538 -T- ‘58 |-5%% 59 Y- T N T -3

BUFFER MRMFLIFIER Tei VOLTAGE  LOMPARATOR

Volloge drop o & 0.42 | .87 | .29 i-70 242 2.56
1

oubput Veftage 2.5 2.09 | t.e7 1.26 | ©BS5 048 0.0

Plate current ma. & f 2. 3 & 5 &

Fig. ®9 a. Test data of buffer amplifiars,
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Plafte curvrent ma,
Plotbe vd#ag,; &0 oo 150 (75 L Ez O 250
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- 1! o -2 iz i 2.8 xz
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in thls chart

Flgh-mu twin triode, Telsfunken

Manunl plot of the ¥YT2 is also chown in -
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Flate ¢haracteristice of VT2
6Chk , power tricde , Hitachi

Pino no. , 9:6,7, _
Remark ~Manual plot of the YT2 is slso shown in this chart.
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Plafe characteristics of VT3

ECE 82 , Medium~mu twin triode, Telefunken

?in no-., 1,2,3,

Remark Manual plet ot the VI3 ie also shown in this chart
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Plate characteristics of VI1
ECC 83, High ~ mu twin tricde, Telefunken
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The AMAY 13 a mopolithic epitaxial aolld circult high-gain d.c. amplifier
intended primarily for use as an operational emplifier or in instrumentation
applicationa, The circult is not a complete functilonal block Tut is intended
for uae with thin=film or mnveutinnal cnmpunenta deTining the galn aml any
. opeetal functione.

The clrouit incorporates a balanced romparator input stage with an
guriliary balancing circuit to keep collector currente and voltages in the
‘gomparator closely matched. The circuit is thereby made tolerant of supply line
veriationag,

" The input d.c. offset voltage ia typically 10m¥ and the offast current Onix,u.k.,:
Open~loop CGain is appruximately TOdB,

BlLeanr Tao-5

{(Viewsed oo m&vrs:de)
Coun wat mn'ud',J

Tf‘."gi'_ ‘9b _'_ﬂ_'ampai‘al-ar %:rmloh'ﬂ'er_, .
|
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ELECTRICAL CHARAGTERISTICS

Positive supply voltage = _12’-’(3}
Negative eupply voltage = ~1 zv(“}
Ambient tempersture = 28¢C
Load {Pin 2 to —~12¥) = 2.2K

Characteristic Tenst Conditions
Yoltage gni.n{h] ' _' 68|~ | 78| dB 600 ohm source I = 1Kc/o
Uppor cut—off frequency(b) - 1300 - - ;cha 600 chm source
Cutput awing bafore l:lippi.ng{b} af-l | - Vpk—pk| 600 ohm source f = 1Ke/a
Positive supply current ._ 3= {13 mr
Negative supply current 4 "6 = 2] mi
Input offset voltage Bo - ¥
Input offeet current .- 0.1 | = /-LA
Input base currents | - 193] - /-‘-ﬂ
Drift of offset voltage - |15 | = [/ | 5% w0 75%

Change of offset with euppliee | -|1o] - /ﬁ/’i’

OPERATING NOTES

'{a} Correct operation of the amplifier requires that the positive supply voltage be
equal to or greater than the m.agniturle of the negative =1pPlv. .

{b} A.C. parameters are measurcd with a feedback reaiﬂtor of 100 K between cutput’
aad n 5. Pin 5 is decoupled with a tantalum aleﬂtmlytiﬂ greater than 30 /uli'
Thie eatahliuheﬁ d.c. working cnndition.s. . . '



- Tg"

ABSCLUTE MAXIMUM RATLNGS

'fheae ratings are those vhich must not bte exceeded if the circuit ia not
to be demageds correct operation at the eEtremes 1g not guaranteed.

Sterage temperature range.
Free air operating temperature
range (+ 12¥ oupplies, 2.2K
logd reslator to -12¥ a'!.l_p_plj'}a.
Poeltive supply voltage.
Megative supply wwliage.

Mazirum current from Pin 2.

-55% %o 175°C

-55°C %o +100°%C
R
+14 ¥

b
14 ¥

- 20 mi

* Care muat be taken that d%uﬂlpntinn in tho ¢ireuit does not giwve a chip

. temperature grester than 175 °Cs

1+ SA7T
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Effectiva chart length; L = 5.85¢ = 318
' 360

= i6.25 oo
The princed ¥ scales as measurad ara L Iinch apart. Le& tho Fate
of imcreasing of voltage scale be 40 Yolt/in.

.50 the range of voltago acais % 16.25 = GO

L 256 . Yolte

The final setting.of.the voltage range is from 20 ko 256 + 20 = 276 v
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A PPENDIX

A-l Calcuiatlon of Operating Speeds of the Dieplay Unik

Deta for Calculation

Motor spaed from medsurement et normel aperating condition 258.0 rpm

Diamater of driving pulley : o ' Lo om
Dismeter of 1dling pulley _ - 4.7  cm-
Distance from center to canter of pulleys _ . 21.7 cm-
Effective chart width - | iﬁuﬂ co
Raequired trace width . 1s2 ot
Length of belt = 2 x 21,7 @ W (&b 4 4.7
| = 55.8 co !
Stylus lineay speed: = 2580 x g x b.b
L

= 595 emfsee

Scylus sweep time for 16 cm sffective

chart wideh - = - _16 x 1000
393
- 26.9 ms
Period of aweep - 55.8
5935
- L0065 aec
Sweap TALa m 595 x 60
55.8

» 592 cyclefmin

Marking pulse width for 1.2 mm trace width = Q.12 x 1009
595
s 202 Me
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Relothon hatwesn gputput voltegs and position of the potentiomevat
(£3g. L&)

in normal oparating condition; che voltags betueen grid to cothode
of the 6AVG tube Eg is lov and naarky cuns:aﬁtn And cathode of the GAUS

tuba o hapt conatant by_tha voltage davhder resiater B3, R4&; R5.

"G 1t i3 assumed that Eg . = conatank

From the equatiom of the output wveltaga
v e 4 (2.2 4 0.5+ .20
y = 1®2.92% 10=3 Yolts

and | L . Ex
0.5 = R # D'ZZ

© Lg X 10“1
0.72 = R
vV = Eg__ % 2.92 x 10”2

0.72 « R
It 15 scen that the relation batumen the autput voltage .and pesicion of

the potantiometer 1e not ilnnar.

calculation of difference appiifier furliéltlgnw&nntiﬁlg

circuit {fig. 15)

Daslgn datd
Cothoda voltage of “HAUG - 149 ¥ regulated
Grid voltage of GAUG ' (Y 1. I | conatant

Control potentlcmeter . - 30  k-ohm, Linesr
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-

Aggume thet voltags ai cothode of the 12AX7 tuba changas from 50 to 100 ¥

as tha cutpwt voltage varies from O te $300 ¥. Conseguently, voltago
batwaan pﬂaté to cathode of ¥1 veriezs from
146 - 50 ¥ = 96 ¥
te _ 16 - W0 Y = &bV

Replatenca ratio of the output voltage

dovider net work = R = 30 e 100
R3 259 500
- 11t 5

Standard resistanes voluz of &? inahm amd zzd k-ohsm are ugad.

Actual grid voltage of ¥2

at output voltage = 0¥ Eg = 300 R LT m S52.8Y coee {1}
¢ 57 + 220

et output vnltagﬁ = 0¥ . Eg, = 600 x &7 ® LOB Y .ecosrssss (2)
’ - 47 + 220

It ia a2esumed that the difference bebtween woltage E;z and Egl is
congtant and very small.
Thus the voltege drop across control potentiometsr

oust be 106 = 33 4- 54 v

Therefore resistance of the reference voltage devider net work

——

5

&6 = {150 - 106) x 30. = 24,9 keohm

53

RG + IS = 53 x 3¢ = 30 keohm
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Awl Effect of mnon-constent diiferance of grid woltagws to gutpui voltags

linearicy {fﬂ§n115}

Considering the cutput voltage equation

th :.E’ {Egzﬂhinlﬂﬂ'] gogaoanow {1)
whera -kE = . Ratio of the voltage devider
and £rom £g, e EEL A6 )
= {vl-fl:zn- Be} esncce (2}
vhers & =  ypltage differsnca between
Egl and Egz
?n - w minimue voltage from

volicage contrel petantlemeter

f kz ‘- constant of_thﬁ potemtiomater
from (1} and (2)

?“t - kl{?l-l-llzﬂ._mbn}oliﬂﬂ

.- klR(?l-ﬁ«H#kz):?Q?
R.

Thus Erom eq. (3}, 1t 1s obvious that tha relation between the
output end resistance of the potentiometar (angular displacement of Che

paper drum)is linear only vhen & o is constant.

Ae% Effect of the potenticmeter end effect to voltage acale.
1

It ie found that Che effective sngular displacement of veltage
contral potentiometera is 318 degrew. Since the diamater of the paper -
driving drum is 5.85 cm. S0, the uffnctive chart dispiacement per one

roevolution of the driving drum.
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