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WARRANTY

Donner instruments are warranted during a period of one year from date
of shipment to original purchaser to be free from defects in material
and workmanship. This warranty does not apply to vacuum tu.bes, ex-
cept as they are warranted by tube manufacturers. The l iabi l i ty of
Seller under this warranty is l imited to replacing or repair ing any instru-
ment or component thereof which is returned by Buyer at his 

"*p".r""dur ing such per iod and which has not been subjLcted to misuse, neglect ,
improper instal lat ions,  repair ,  a l terat ion,  or  accident.  Sel ier  shal l  havethe right of f inal determination as to the existence and eause of a defect"In no event shall  Seller be t iable for col lateral or consequential damages.
This warranty is in l ieu of any other warranty, express, implied orstatutory, and no agreement extending or modifyiagit wil l  be binding uponseller unless in writ ing and signed bya duly authorized off icer.

.RECEIVING INSPECTION

Every Donner instrument is careful ly inspected and is in perfect workingorder at the t ime of shipment. Each instrument should be checked assoon as received. If  the unit is damaged in any way or fai ls to operate,a claim should immediately be f i led with the transportation company.

REPAIRS

whenever a Donner instrument requires service,  the nearest  Donnerrepresentative should be contacted; al l  representatives wil i  provide
immediate service or arrange factory returns when ,r"""rurry.

Please specify both model and serial number in al l  correspondence coil .-cerning Donner instruments.  Address al l  inquir iee on operat ion orappl icat ions of  Donner instrurnents to your nearest  sales representat iveor sales Manager,  Donner scient i f ic  company, ggg Gal indo street,Concord,  Cal i fornia.
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D0[rltRsctt|lilftc c0tI|PfllluOperafing Handbook
Analog Computer Model 3000

The Donner M:del  3000 is a compact electronic analog computer for  theprecise'  quant i tat ive solut ion of  l inear (and certain c lasseJof non-r inear)  d i f fer-ent ia l  equat ions and transfer funct ions.  The instrument contains ten DC opera. .t ional amplif iers, any one of which may serve the functions of addit ion, subtractron,mult ipl ication or division by a constant, sign changing, or integration. problemsexpressed as di f ferent ia l  equat ions are entJred in ler ias of  erectr ical  componentson a detachable problem board.  stabi l i ty  and accuracy of  the computer are sat is-factory for  problem solut ion t imes up to 100 seconds or more, to permit  accuraterecording with conventional pen recorders. However, amplif ier bandwidth andrelay operat ion speed are adequate for  repet i t ive-solut ion operat ion up to 10cycles per second with osci l loscope readout.

The Mcdel 3000 is packaged in a two-module cabinet,  complete wi th al lnecessary power suppl ies.  I t  can readi ly be accommodated on the desk or benchof the user' where more than ten op"""i io.ral amplif iers are required, two ormore Model 3000 computers may easi ly be interconnected to serve as a s inglelarger computer.  The l \ lb del  gobO computer .Lquires only one or more de-tachable problem boards,  p lus comput ing components,  to te fu l ly  operat ional .

SPECIFICATIONS

Ampl i f iers

The ten operat ional  ampl i f iers employ a stable,  h igh-gain DC circui t ,  wi tha pentode driving a cathode-fol lower output. A vR tube coupring element al lowsboth input and output s ignals to be centered precisely about L.rovol tage. Eachampl i f ier  has the fol lowing character ist ics:

Gain:  Basic gain of  1000, 
- increased by posi t ive feedback to more than30,000 .ver most of  the fu l l  eu1ou, range. Average gain overful l  range greater than 10,000 (open loop character ist ic) .

Bandwidth: When used as a negative
ampl i f ier  phase shi f t  reaches
approximately 10, 000 cps.

Jeedback amplif ier with a gain of 10,I degree at a signal frequeicy of

amplif ier, the very
to less than one ohm.

Input Irp-edan-:_ Input impedance of each amplif ier is that of an open_gr id pentode,ampri f ier .  comput ing r"* i l t *nces may have any valuefrorh 2b x toS to zo x io6 ohms.

Grid Current:  Total  gr id current in the innrr i  *rr l " ra ^rf f i . . inuorderof10- ib ' : j1"^ j l l " . -*o|eofanyoperat iona1ampl i -amperes, and regular ly l ies belowI mi l l imicroampere.

In normal use as a negative feedback
reduces output impedance of  the uni t
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of any operat ional ampl i f ier is
than 90 db down from ful1 output.

(lr :  I  ( \  
- .._.e :  L( : output i r i tage may have any value between + 100 andload currents up to 5 mi l l iamperes of  e i ther polar i tyr"esistance 20,000 ohms).  peak power output of  anyroxirnately 0.  b watt .I i:  l

Hum Level :  AC hum level  on the output
normal ly about 1 mi l l ivol t ,  more

Dri f t :  Short- term random dr i f t  is  less than
condi t ions.  Long_per iod dr i f t  is  1ess
warmup.

-  100
:' : l in l

' - l i ts ' ,v i th
' iq;  - . : : ld

ggqg,$-- ._-_ i000 cps, maximum intercoupl ing to the ampl i f ier  next:u ' r t ' twlr l$ on problem board is approximately 40 db down from fr . l loutput,  wi th uni ty gain ampi i f iers and impedance revel  at  1 megohm.\{aximum intercoupr ing to air  other ampt i f iers is approximately 60 dbdown from ful l  output.  corresponding intercoupr ing f igures at  s ignalf requency of  60 cps 3re 60db anO SO j t .

!  2 mv under normal operat ing
than 4 mv/hr after two-hour

over load: Amp-i f iers operate wi thout over load up to + 100 and -  100 vol tsoutput at  5 mi l l iamperes. As 10ad eurrent is reduced the ourputvoltage range is increased, but should not be rel ied upon beyondapproximately t  t to vol ts.  Approaching over load or actual  over. loadwith attendant nonlinear operation of tarrf ampli. f ier is indicated by thelighting of the co*esponoing neon ramp"on the amprif ier panel.
Adiustments:  Potent iometers wi th s lot ted shafts,  provided for Gain Adjust-ment and for coarse DC Balance adjustment of the invididuaiampl i f iers,  are convenient ly rocatej  on the ampri f ier  chassis juslinside the computer cabinet.  The Fine DC Baiance adjustments arecontrol led by knobs which are located on the front panel.

Meter

The ampl i f ier  chassis is equipped with a 4L12,,  zero-center meter whichis used for coarse and f ine balance adjustment of  eacn operat ional  ampl i f ier .  Themeter may also be used as a v isual  monitor on the outpui  or  any ampl i f ier  dur ingcomputer operat ion,  three ranges being provided.

Five isolated power suppl ies are provided to set  in i t ia l -condi t ion vol tagesor other input funct ions.  Each power suppry h""-  
? vol tage output which may beconnected for ei ther polar i ty,  and which' is var iable by potent iometer controlf rom zero to 100 vol ts at  up io s mi l l iampu"""  ioaa. output terminals of  theindiv idual  power suppl ies are avai lable f rom the_row of iacks on the power supplypanel '  just  above the problem board.  The in i t ia i -condi t ion power suppl ies have along-t ime stabi l i ty better than 0. 5To furL-scare value.
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Initial -.condition Retavs

Five low-level and five high-level double-throw relay poles, with terminals
available on the problem board, are operated by the coMpuTE-RESET switch onttre power supply panel. They may be connected to set in or remove initial con-
ditions, or to apply a system disturbance (step function) at the start of a problem
solution.

Diode Limiters

The plate and cathode connections of two thermionic diodes are available
on the Model 3034 (and Modet 3038) probtem Board. The diodes (a Type 6ALb
tube), have their plate and cathode leads brought through the connector which
accepts the problem board

Hold Relavs

. Five si'ngle-throw relay poles are actuated by the HOLD-OPERATE switchon the power supply panel to arrest problem solution for readout of parameters.
switching back to OPERATE continues the solution.

Main Power Supplies

Both positive and negative high voltage supplies are regulated to approxi-mately 0.25%. Outputs are +3?0 vol ts at  180 mi l l iamperes r iaximum and -300volts at 130 milliarrPeres. Heaters of the input pentodes in the operational
amplifiers are VR-transformer regulated for stability of DC amplifier balance.

Dimensions

computer cabinet zr  r12 wide x rg r lz high x 1b inches deep.
Problem board 21 wide x 2 high x 14 inches deep.

Weight

Approximately 102 pounds (net); 110 pounds (shipping).

Input Power Requiremi:nts

105-125 vol ts,  6!  cps,  3b0 watts;  zL}-250 vol ts,  b0 cps, special  order.
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THEORY OF OPERATION

General

The Donner Model 3000 Analog Computer* is a DC electronic differential
analyzer which solves physical or mathematical problems by fundamental analogy
between two equations or sets of equations. One set of equations expresses the
problem which the computer is asked to solve. The second set is either
explicitly or implicitly set up by the computer operator in order to form a con-
sistent quantitative analogy between the two sets of equations.

fn common with other modern analog computers, the Model 3000 yields
the time-dependent solution of differential equations automatically through the
use of operational amplifiers. These versatile computing units serve any of
the fundamental functions of integration, muttiplication or division by a constant,
addition, subtraction, and sign changing, as required to reduce the differential
equations to be Eolved to a closed representation in analog form. Direct
analogies between single electrical components and components in the physical
system are not necessary. Instead, straightforward rules of procedure permit
progressive setup of the differential equations to be solved, through the steps
of repeated integration and summation of terms necessary to find the variables
of final interest.

Operational Amplifier s

The ten operational amplifiers in the Model 3000 Computer are all
identical and are described by the simple circuit of Figure l ,  page 2b.
Each amplif ier meets the prime requirements for rel iable and accurate
performance in an electronic analog computer intended for both repetitive
and extended time solutions:

1. I"ry high forward gain, from DC up to tens of ki locycles.
Z. Very low phase shift, from DC to several kilocycles-.
3. Balanced operation, so that zero input corresponds to

zero output, and positive or negative input signals result
in proport ionate output signals of opposite signs.

4. Excellent zero stabil i ty as a DC amplif ier.
5. Very low grid current and very high input impedance.

*A great many design aspects of the Model 3000 computer are
directly related to characterist ics of simplif ied analog computers originated
in the Systems Development Section, Aviation Ordnance Department, Naval
ordnance Test station, Inyokern, california, and used extensively at
NOTS since 1949.
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6. Very low output impedance; large output voltage range, over which
tire foregoing criteria are satisf ied.

7. Output and input of opposite algebraic signs, so that negative f eed-
back results when output and input are connected through a passive
impedance.

Operation of the amplif ier of Figure L, Page 25, rel ies upon a Tlpe 6AU6
high-gain input pentode, and a direct-coupled Type 6BQ?A dual tr iode operated
as a cathode-fol lower output stage. The composite load impedance of the out-
put cathode fol lower is a series arrangement of a Type OA2 voltage regulator
tube and one tr iode section of a Type LZAV7. Returned to a regutateA sou""u
of - 300 volts, the second cathode fol lower maintains essential ly constant plate
current over a wide range of plate voltage. A high-level ampli i ier output
voltage, which is balanced about zera for zero input voltage, is generated with
respect to ground at the junction of the OA2 voltage regulator tube and the
single tr iode section of the l2AV7. The second identical section of this dual
tr iode serves a duplicate function for an adjacent operational amplif ier.

The cathode of the input pentode is returned to a potential which can be
varied up or down over a small range within a few volts of zero or ground
potential.  The COARSE DC BALANCE potentiometer establishes a net
positive potential at the cathode, while the FINE DC BALANCE potentiometer
permits sensit ive control of cathode potential over a small range. In order tominimize input grid current and maintain very high gain over the desired
operating range of t  tOo volts, the input pentode is operated with elevated
screen potential and with plate load resistor and supply voltage of unusually
high values. with circuit parameters as shown in Figlre 1, page 2b, basic
voltage gain of the pentode is approximately 1000.

If the control grid of the 6AU6 pentode is held at ground potential, thelevel of plate current is established by cathode potential under the control ofthe coarse and f ine balance potentiometers. For any such cathode potential,
corresponding to a fixed negative grid bias, the plate potential of the pentod!
is followed within a few volts by the cathode of the parallel-connected Type
6BQ7A dual tr iode. The potential of the amplif ier output connection is lower
by the nominally constant drop of 150 volts across the OA2 regulator tube.

An increase in cathode potential of the pentode, introduced by the coarse
or f ine balance potentiometers, is equivalent io greater negative grid bias,
and increases plate potential. The identical increase in potenfial at the grids
of the Typu 6BQ7A dual-tr iode cathode fol lower output stage produces an almostequal r ise in potential at the paral lel led cathodes and also at ihe amptif ier
output connection. Similarly, a decrease in cathode potential of the 6AU6
results in a decrease in the potential at the amplif ier output connection.
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The normal operating point of the 6AU6 cathode is approximately + 2volts' with the grid at ground. po,tential, plqte cument will be approximately60 microamperes and plate potential about 145 volts. with this value of gridpotential on the 68 Q?A dual triode, its cathode potential will be approximately150 volts' The potential at the amplifier output terminal will therefore be nearzero' 11 'nplifier output is found to be other than zero when the grid of theinput pentode is grounded, a readjustment of 6Au6 cathode fotentiat with oneor both of the DC balance potentiometers wil l  bring amplif ier output to zero.
The coARSE Dc BALANCE potentiometer can compensate for grossoffset in amplifier output voltage at zero input vortage. The FrNE DCBALANCE potentiometer has a much more l imited r*rrgu at the amplif ier output,and is used for final, accurate setting of 6AU6 cathode potential in order tomake zero amplifier output voltage 

"Ir"u"pond with 
".io 

potential on theinput grid' once this adjustmenihas been made, amplif ier output voltagewill be proportional to input grid voltage over an output range of ! 100 volts.
operation of the amprif ier of Figure 1, page 2s, has so far beendescribed without reference to the po"itirr" ieedback introduced and controlledby resistors R10 and R11, connected between amplif ier output and the cathodeof the input pentode. suppose that a small positive voltage is applied at theamplifier input. The resultant increase in plate current of the 6AU6 willlower the potential of the 6AU6 plate and the direct-coupled 6Be?A dualtriode grids, and will give rise to a negative amprifier output voltage.The effect of the conductance through tte 

""" iu. 
connection of R10 andRl1 is to move the cathode of the input pentode in the same direction as theoutput. This is equivarent to a further irr""u*"" in the potential;;;;"Td;;grid, and represents posit ive or regenerative feedback. The result is thatless signal is necessary on the input grid to obtain a given output vortage.Increasing the conductance of the feedback path by decreasing R10 canincrease positive feedback to the point of infinite gain, so that the ratio ofoutput voltage to the initiating signal on the input grid inereases without limit.Infinite gain can be achieved under one set oi-lp"."ting conditions, but thechanges in tube characterist ics over the operai ing 

""nge impose a practicallinit on average gain at the extremes of the range.

Experimental measurements of output voltage versus input voltage fora typical amplif ier in the Model 8000 computer are shown graphically inFigure 2' Page 26- Inf inite gain over the ful l  operating range would be repre-eented by the straight line en = 0-, extending rrom - 100 volts-output to + 100 voltsoutput. The curve for the ufi ioaded amplif l l r  (R1 = or) shows that a maximumgrid signal 'of 5 mil l ivolts is required for operation over the ful l  + 100 volt range,and that average gain over most of the r"nj" is much greater than 20,000.Tbe lowest value of average gain under fulf  1oad (R1 = 20, 000 ohms) is 10, 000
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at full positive range, where a grid signal of 10 millivolts is required. Even
under ful l  load, average gain exceeds 30,000 over most of the operating range.

The amplif ier of Figure 1, page 2b, is shown in symbolic form in
Figure 3a, Page 27. As indicated in the diagram, the gain A is verJr high, and
the input and output are of opposite algebraic sign.

When a high gain amplifier such as that of Figure 1 is used in an analog
computer application, it is made an operational amplifier by the addition of
two passive external impedances, as shown in fhe diagram of Figure 3b.
One impedance,-Zi, is connected in series wit\. the input driving voltage, ei.
The other impedance, Zf , is conneeted directly between output and input of -
the high gain amplifi.er and therefore introduces negative feedback. In the
schematic of Figure 1, 21 would be cqnnected between the bottom of the
OA2 VR tube (upper outpul terminal) and the grid of the 6AU6.

with the addition of input impedance zi and feedback impedance Zf,
the gain of the amplifier of Figure 1 becomei virtually independent of afl cir-
cuit parameters exeept Zi and Zy The general case is illustrated in
Figure 4,  Page 28, where n separate input vol tages, e1, €2, e 3, . . .  . .  €n,
are fed to the amplifier inplt through n separatelnput imp6aantes, 21,
??,'  

, t ,  -. . . .2n. A single feedback ff iedance, 21, is connected directly
between input and output of the high gain amplifier'. Since input voltage,
"g, -".19 

output voltage €e, of the amplifier have opposite algebraic signs,
amplifier gain is defined by the equation

"g 
(-A) = eo.

If the input currents contributed by the separate input voltages are i1, iZ.
i3.-. . . iq, and if the feedback current is i1, then continuity of 

"or"ent 
re-

quires that

i1 + i2 + i3 +. . . . .  + i r ,  = i1+ i ,

where i* is the current into the input grid. But
- €- t  -€q
Ll

al

and

I €r  -  €cit "  - -*Z- l

.  en- Qa
't'

Zn

Lh-
Cn-€g

Za

;,  =ef
I  s  "  €"

zf
The current equation therefore becomes

€z -€9 es-SP
z+ + 2sZz
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Making use of the equation for amplifier gain the cument equation may berewritten
h

:
I

A,s phown by the characteristic curves of Figure 2, page 26, the value of am-plifier gain, A, is 10,000 or more overthe full range o-top"""iion at maximumrated load. Terms with the coefficient tle, may thereforsbe neglected incomparison with unity or with normal values of ei. In addition, the value ofgrid current in the amplifier of Figure t has reen f";";;;-i;e consistenly under1 millimicroampere (.( 
Lo-9 amp) oira"" all normal operating conditions.since other currents iri ttre equation above will nearly always lie between onehundred and five million times this varue, i* may be safely neglected. Theresulting equation

shows that circuit parameters of the high gain amplifier do not enter theexpression for gain of the operationar amptirier. Instead, gain for each in-put voltag.e is determined by the ratio of the feedback impeiance to its parti-cular series input impedanee.

The various funetions which may be served by the generalized opera-tional amplifier of Figure 4, page 2g, are accomplished by using appropriateinput and feedback impedances. For argebraic summing of input vortages,sign changing, and multiplication or divlsion by a constant, the feedbackimPg$ance zl gndall input impedanees ziare lesistqrs. These operationsare illustrated in terms of specific examiles in the diagrams of Figures s,
I "t_:.];tir"."s 

2e-31. In pnactical operation,- in"_-jli3d-L* ,,otgtowuq

e,*efr t9(_o
: - -

Z4
* js

Z; ft *#)

t o, (*\eo:

For the important process of integration, the feedback impedance Z1is a capacitor and the input impedane"" 
"t" 

resistors.* The characteristicoperation of such an amangem'ent can be seen clearly in terms of thesimple integrator of Figure g, page 32. Since ig = 0, the cument throughthe input resistance Ri is continuous :with the charging current on the feedbackcapacitor Cg.

*For this case, using operational ealculus nomenclature, the generalized
operational amprif ier equation ee = - * ei(zglz1) becomes

heo= T ur (* /* , ) :  +#_  ̂ FThe output voltage is therefore the summation lt ,nu time integrals of theinput voltages.
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Analog Computer Model 3000

If the voltage across the capacitor is V and its instantaneous charge is q(t),
the chargi.ng current is *\*

t /+\ :  W =! s '  Jt

JV A d€a:  t -4 jT : -L+ dF

J /^_t-) =
dt-

c+*
But the negative feedback operation of the high gain amplifier is sueh as to
keep €o i 0, so that the input gri.d is essentialty held at ground potential for
any noFmal value of output voltage. The current equation therefore becomes

ei
K;

It follows that 
f

€o= ! .  (  er  J l  +-
Fi C+ Jo 'J*=o

+ t r :c€#= -c+ *+
n

* f fr* **J*__o
I

The arbitrary constant of integration eJ t = o is supplied by the voltage
across C1 when t = 0.

These principles may be readily extended to the summing integrator of
Figure 9, Page 33. Again, since ig I 0, the total input cument is continuous
with charging current on the feedbalk capacitor. Therefore, since ug 3 0,
the current equation is

Solving for: the output voltage

€o:-#J-
showing that the output is the sum of the time integrals of the input
voltages, with sign inverted. The use of an operational amplifier as a
sunrming integrator is illustrated quantitatively in the diagram of Figure 10,
Page'34., Since Ri and Cg always appear as a product, megohms and micro-
farads may be substituted directly into the equations in lieu of ohms and farads.

Operational amplifiers may be used under restricted circumstances to
form derivatives of applied voltages. However, because special precautions
must be observed to avoid instability, their use for this function is not
recommended. Fortunately, it is rarely necessary to employ an operational
amplifier as a differentiator in the normal course of solving differential
equations with the electronic analog computer.
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Solution of ,Differential E quations

By means of more complicated input and feedback impedances, single
operational amplifiers may serve a large variety of other special functions,
such as the generation of the electrical analogs of Laplace transforms. How-
ever, their basic role in the Model 3000 Analog Computer involves their use
in combination to solve differential equati.ons. A typieal simple problem which
recurs frequently in such fields as mechanieal vibrati.on, ciriuit analysis,
and control systems is the solution of a general second order differential
equation, which is often expressed as follows:

d^ e"jlr. + 2f*n * t r  + r , . r ieo= 
- i  

g i

To solve such a problem with the Model 3000 Computer, a formal procedure*
may be adopted in which it is assumed that an input signal representing
dtgo
dt 2 , the highest derivative, is available to a specified operational

amplifier in the computer. If this amplifier is connected as an integrator,
then its output voltag^e will be proportional to the next lower derivative (wiitr
sign reversed), - tg This voltage may serve as input to the next opera-

tional amplifier, again connected as an integrator. rts output will representgo , the dependent variable.

The highest deriiative in the differential equation to be solved by thecomputer may be expressed mathematical ly in terms of lower derivatives,
' the dependent variable itself, and the driving function. In the present example

-zgd"*? -ur loo

As a final step in setting up the computer to solve the problem, the highestderivative is so expressed in circuit form. Lower order terms are takenfrom the amplifier outputs where they are assumed to be generated throughthe integration process. The input driving function is supptied from an

*Detailed information on theory and procedures in the use of operational
amplifiers for the electronic analog solution of physical problems is givenin the book, trBasic Theory of the Electronic Analog computertt by Dr.R. C" H. Wheeler. This book, published by Donner Scientific Company,is available to users of Model 3000 computer equipment.

deOo =
dtL

+- c,rl gi
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external function generator or is synthesized by other operational amplifiersin the computer. A11 terms are combined in the proportions specifi"d Uy tt"di.fferential equation, and are fed together into a summit g 
"*flifi"". a"yneeessary changes of algebraic sign are introduced by additional indi.vidualoperational amplifiers, output and input of each amplifier being of oppositesign. The output of the summing amplifier is then connecteA to the amplifierinput where the highest derivative was first agsumed to be introduced.

An arra"ngement of operational ampLifiers to solve the $econd orderdifferential equation written above is shown in Figure 11, page Bb. As shounrthere, the highest derivative is synthesized in the proportionl speei.fied bythe differential equation. In this way, the unique requirements of the 
"qortiolare imposed on the solution delivered by the computer.

In order to generete the correct definite integral at the output of eachoperational anplifier connected as an integrator, it is necessary to apptythe initial conditi'on voltages which correcily define the varioue congtants ofintegration. These voltages are maintained by separate sources until thettme t = 0; then the voltage sources are si.multaneousLy dieconnected andthe problem ie released to the computer for solution.

Functional Arrangem ent

The Model 3000 Computer is comprised of three basic eections: theAmplifier section, the power supply section, and the cabinet. As ehownin the front-page photograph of Donnei Model 3000 Brochure, the AmplifierPanel and Power supply Panel are respectively the upper 
"od 

ro*ur sectionsof the complete computer, and are housed in iis cabinet. The completelydetachable Problem Board, a separate item, plugs into two multi-conductorconnectors near the bottom of the p_ower supply panel, and is normallysupported by the surface on which the computer is set (desk or table-top).
Amplifier geqtion

The Amplifier Section contains the ten operati.onal amplifiers of thecomputer, arranged side-by-side on a single chassis. As shown lnthe top view of the Amplifier Section inside the Modei gOOO bro"trore,the coARsE BALANCE contrors are arranged in a row along the back.Next in order toward the front of the chassis is the row of oeUo input pen-todes; the 6BQ7A output dual triodes; the row of GAIN settinj potentiometers;the oA2 voltage reference tubes; and the LzAvT dual triodes,-elch ofwhich is shared between two amplifiers.

The front panel of the Amplifier Section is furnished with a variety of
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controls for both selection and adjustment, and a 4l lz' t  zero-center meterwhich serves two main indicating functions. In addition, a row of lights nearthe top of the panel serve as individual indicators of actual or impending
overload for the ten operational amplifiers.

Arranged in a row just below the overload lights are the amplifierFINE BALANCE controls. To the right of the trneter, which is centered inthe lower part of the panel, is the function selector and meter range switch.To the left of the meter is the amplif ier selector switch. Terminals forconnecting to an osci l loscope or other high-impedance readout deviceare located berow the serector switch on ihe right.

The purpose of t ie amplif ier selector switch is to connect the metercircuit to any one of the ten operational amplifiers for the functions ofadjustment or indication, available on the selector switch at the right. Thefunction and range selector switch has seven positions: proceeding clockwise,the first three concern adjustments of the selected amplifier:, and the lastthree involve range switching of the meter, which is then connected to theamplif ier output; the center posit ion disconnects the meter from the selectedamplifier, but leaves the amplifier output eonnected to the output jaeksbelow the selector switch.

Gain Adjustment

Again proceeding clockwise, the first position on the function andrange selector switch is marked GArN. As shown on the schematic,Drawing 823' the operational amplifier selected by the selector switehon the left is automatica[y connected as shown in Figure 12, page 86.A 60-cycle signal of 50 volts peak-to-peak is applieo to ttr" amplifier,connected as a sign changer with_gain of unity. The resulting grid signalis brought to the output jack labeled AMpLTFTER INpuT, ,rrJtL" corres-ponding output signal is connected to the output jack labeled AMPLIFIEROUTPUT. If  these output jacks are connected respectively to the vert icaland horizontal inputs of an oscilloscope with high y-axis glin, theresulting trace will be a straight line having an inclination related toamplifier gain. Infinite gain is indicated by- a hortzontal trace, since
1o grid pignal is required for an output extursion up to t zi-"ort".For less than infinite gain, a finite grid signar of p"ih"p" 2 or 3 mili-volts will be required for an amprifiLr output of 2b vorts.

The GAIN adjusting potentiometers located in the center of theamplifier chassis have a range of adjustment which extends beyond infinitegain' under such circumstances, the slope of the trace on the osci l loscopescreen is reversed, a posit ive-going input signal producing a posit ive_
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going output signal. As the characterist ic curves of Figure 2, page 26,
confirm, the desired gain sett ing of each operational amplif ier corresponds
to "inf inite'f  gain of the unloaded amplif ier over an output range of t  zs voLts
or more. Gain sett ing can therefore be made by adjusti .ng for a horizontal
osci l loscope trace as descrit jed above.

Balance Adjustments

I 'he second and third posit ions of the function and range selector
switch are marked CoARSE and FINE, respectively, corresponding to
coarse and f ine balance adjustments of the amplif ier selected by the
amplif ier selector switch on the left.  Sett ing of the r ight-hand selector swirch
to coARSE connects the amplif ier as shown in Figure L3, page B?. As an
operational amplifier with input voltage at IN and output voltage at OUT,
amplif ier gain is set at a f ixed value of 10 by the ratio of feedback to input
resistance. (See Figures 4,  5,  6,  7.1 The input terminal  of  the ampl i f ier
is connected directly to ground potential, so that no external input voltage
is introduced. As shown in Figure 1, and as discussed in the earl ier
section on Operational Amplif iers (see Page 4), the potential of the amplif ier
output terminal may then be adjusted to zero or ground potential by properl.y
posit ioning the cathode potential of the 6AU6 input pentode. (Note that
the problem board must be removed during the balancing operation). This
is the function carried out on the selected amplif ier by adjusting the sett ing
of the corresponding coARSE DC BALANCE or FINE DC BALANCE
controls, when the function selector switch at the r ight side of the
amplif ier panel is set on COARSE or FINE.

Figure 13, Page 3?, shows that when the function selector switch is
set on COARSE, the indicating rneter on the amplif ier panel is connected
to read 20 volts ful l-scale across the amplif ier output. Since the amplif ier
is connected for a gain of 10 and has no external input voltage, the t z0
volt oulput range corresponds to t 2 volts equivalent input signal due to
unbalance.

If the cathode of the 6AU6 input pentode is far from its proper potential
the COARSE DC BALANCE potentiometer at the rear of the amplif ier
chassis must be adjusted, to bring amplif ier balance within range of
the FINE DC BALANCE iontrol on the amplif ier panel. At the same
time, the meter reading of the output voltage can be reduced within the
t4volt range of the FINE position of the function selector switch,
shown as the alternate switch posit ion on Figure 13. At an amplif ier
gain of 10, the du@ut range of t  1 volt corresponds to an equivalent input

Page IJ

Model 3000
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signal range of t  100 mil l ivolts. One minor division on the meter scale is
then 20 mil l ivolts, which represents 2 mil l ivolts at the amplif ier input.
Using the FINE DC BALANCE adjustment and the FINE position of the
function selector switch, amplif ier unbalance may reasily be reduced below
2 mil l ivolts for a gain-of-ten amplif ier.E Drift  characterist ics of the ten
operational amplif iers of a typical Model 3000 Computer on the second ful l
day of operation are shown in Figure 14, Page 58. The drif t  per hour is
shown to be less than 4 mil l ivolts in al l  cases.

Meter rrOFFrr and O_utput R3nge Switc\ing

The first three positions of the function and range selector switch corcern
adjustment of the selected amplif ier, prel iminary to normal use for com-
puting functions. The remaining four positions relate to ampli.fier output
indication in normal use.

In the f irst of these four switch posit ions, the panel meter is entirely
disconnected from amplifier output. However, the output voltage of the
selected amplifier remains connected to the,AMPLIFIER OUTPUT and
GROUND jacks below the function selector switch, so that connection may
be made to an external high-impedance indicator or recorder.

The three other positions of the function and range sdector switch
connect the panel meter across the output of the seleeted amplif ier, with
ful l-scale range indications of t  100 volts, t  20 volts, and t 2 volts,
respectively. In al l  cases, the output terminals of the selected amplif ier
remain connected to the output jacks below the right hand selector switch.

xlf the potential at the amplifier output is es above ground due to unbalance
and the input terminal is connected to ground as shown in Figure 13, a

eo
current R1 + R1 must f low between the amplif ier output and ground

(since L g = O). The voltage rise of the grid terminal with respect to ground

will then be

s5 R, '+ Kf * o ( ' t  ! \ t  B r lL f ix€ E>

The actual grid-terminal unbalance associated with a particular un-
balanced output is, therefore, Iess than the output meter reading by the

factor In the Model 3000, this factor is approximately 11.

R;

Page



00t|[fn$fifftTlfr0 [0t[|PRItuOperating Handbool Page 1 5
Analog Connputer Model 3000

As an output indicator, the panel meter is of value as a monitor and
as a quantitative readout means for data, within its limited speed of response.
For rrtore rapidly varying output data, quantitative presentation may be
made visually on an oscilloscope or graphicatly on a high-impedance pen
recorder connected between the AMPLIFIER OUTPUT and GROUND
jacks, below the function and range selector switch.

-Powg,T.STppIy P,aLe1

The Power Supply Section contains the main regulated power supplies
for the operational amplifiers, the separate regulated initial condition power
supplies with their output controls, the relays part icipating in computing
operations, and the connectors which carry supply voltages to the amplif iers
and conduct the computing functions to the Problem Board. Top and bottom
views of the Power Supply Section are shown in photographs inside the
Mode1 3000 Brochure. As shown in the top view, the right-hand half of
the ehassis contains the hi.gh voltage transformer and the regulating circuitry
of the negative and positive power supplies for the ten operational
amplif iers. The f i lament transformer near the front panel supplies al l  of
the pilot lights and all of the heaters which do not require regulation. On
the left rear is the VR transformer which supplies a regulated voltage for
the heaters of the 6AUG input pentodes of the operational amplif iers.
Directly in front of the VR transformer is a dual vacuum diode, Type 6ALb,
whose plate and cathode connections are terminated on the problem board.

Adjacent to the VR transformer is a transformer with five isolated
secondary windings for the five separate initial condition voltages, and a
sixth secondary for energizing the COMPUTE-RESET and the XOI,O-OPERATE
r:elays. Next in order toward the panel are paral lel rows of f i l ter capacitors
and OB2 voltage regulator tubes. Five of these tubes operate in conjunction
with f ive dry-disc recti f ier stacks mounted beneath the chassis; these deliver
five independent, regulated DC voltages for the Initial Condition power
Supplies. The Type OA2 and its associated recti f ied stack furnish a regu-
lated booster voltage, which is added to the posit ive output of the main po*e"
supply to serve as the plate supply for the computer amplif ier 6AU6 input
pentodes. The seventh rectifier stack shown beneath the chassis furnishes
DC voltage for operation of the five relays; the latter are located in a cluster
below the chassis and near the output connector. As shown on the schematic,
Drawing 825, the two COMPUTE-RESET relays are operated by the plate
current of a 6CLG pentode, and are thrown simultaneously from RESET to
COMPUTE by short ing the grid to ground potential.  The HOLD-OpERATE
relay is control led directly by the operating switch. Its action is to open
individual circuits to five of the ten relay poles used for the COMpUTE-RESET
operation.

Three mult i-conductor plugs terminating three short cables mate with
three corresponding connectors in the left lower edge of the Amplif ier
Chassis, and make al l  necessary interconnections between Amplif ier and
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Power Supply Panels. In order of their arrangement from front to rear, the
first connector carries amplif ier output leads; the second carries amplif ier
input leads; and the third carries al l  power wir ing. Physical separation of
the low level amplif ier input wir ing from both the high level amplif ier output
wiring and from the AC power wiring facilitates the reduction of amplifier
crosstalk and 60-cycle hum in computer operation.

The front panel of the Power supply section is pro,, ided with four
toggle switches and their associated pilot lights, five controls and five
associated pairs of output jacks, and the connectors which receive the de-
tachable problem board. The FILAMENT switch at the left controls all
vacuum tube heaters and provides an interlock for al l  other services. The
PLATE switch at the right controls the generation of high voltage, including
voltages for the Init ial Condit ion Power Supplies, and also provides interlock
features as shown in the schematic, Drawing 824. The second switch from
the left controls the HOLD-OPERATE relays, and the third controls the
COMPUTE-RESET relays. The f ive controls just below the switches set the
output voltages of the five Initi.al Condition Power Supplies, The two output
terminals of each Initial Condition Power Supply are located below the
control which sets its voltage level.

Near the lower edge of the panel are the two multi-eonductor connectors
which carry the amplifier, relay, and certain accessory connections to the
Problem Board. In order to minimize crosstalk between amplif iers, al l  the
amplifier input wiring is routed through the connector at the left, while the
connector at the right camies all the interwiring from the amplifier outputs.
For the same reason the ten COMPUTE-RESET relay poles are divided into
two equal groups which are routed separately through the two connectors.
The f ive poles and associated double-throw contacts which are affected by
the HOLD-OPERATE relays are al located to low-level or input functions, and
are routed through the left-hand connector. The other f ive poles and associ-
ated double-throw contacts are al located to high-level or amplif ier output
functions, and are routed through the right-hand connector.

Orr the rear face of the Power Supply chassis, and accessible through
the back of the computer cabinet, are the three-wire AC input connections,
two fuse post assemblies (one for each side of the l ine), accessory AC out-
lets, the + 370 volt and - 300 volt test terminals, and signal terminations
for computer accessor ies.
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Main Computer Power SuPPl, ies

The main positive and negative high voltage power supplies for the

operationat ampiUiers are individually 

-lectronicalLy 

regulated to approxi-

;;*1y O.Zb%flr line vottages from 105 to 125 volts and amplifier loads up

to 5 millia^rnperes. The negative supply, which delivers a regulated voltage

of - 300 volts at an essentially constant load current of 130 miLliamperes'

is controlled with respect to the voltage drop across a Type OA2 glow-dis-

charge tube operated at eonstant current. The positive voltage supply

uses the regulated voltage output of the negati?e supply as a referenee' and

delivers a regulated outf,ut of + 3?0 volts at load cuffents up to 180 milli-

amperes.

The two main power supplies make use of electronic regulators which

are very similar to itre high gain DC amplifier of Figure 1' Page 25' Each

makes use of a 6AU6 input pentode direct-coupled to a dual-triode cathode

follower output stage. As shown in the schesatic, Drawing 824, the cathode

of the 6AU6 wtrich legulates the negative power supS;ty is kept at a potential

150 volts above the nlgative high ..-tt"g" output by the fixed drop across the

OA2 voltage refer"rr"Jt,rbe. A voltage divider across the entire output

voltage of the supply is formed by the series arrangement of R125, R124 and

R1ZG. A connection near the cenier of this divider is carried back to the cor-

trol grid of the 6AU6 pentode. By the same negative feedb-ack-action as in

the arrangement of Figure 3b, th; combined action of the 6AU6 and the fol-

lowing 6080 double-tri.ode cathode follower is to keep the potential at the

arm of R124 very close to eathode potential of the 6AU6. This is brought

about by sensitive control of the series impedance of the 6080' But since

the voltage between the negative high voltage terminal and the arm of R124 is

developed by current which is continuous through &L25, F.-lZ! and Rl26' the

entire negative output voltage is regulated at a value which depends on the

resistance ratio of the divider. fnl division ratio may be varied and the

regulated negative output voltage adjusted over a limited range by varying

thJ position of the slider of Rl24.

The electronic regulator for the positive voltage supply behaves just

as described above. However, it bears even more resemblasee to the

amplifier of Figure 3b than the regulator for the negative supply" The

cathode of the ilnput pentode is operated at ground potential' The series

input resistance 
-corresponding 

to R1 is Rl13. The feedback resi'stance

coffespbnding to R1 is Rl12. The voltage input corresponding to ei is

- 300 volts from the negative supply, serving now as a reference voltage'

The + 3?0 volt power supply is slaved to the - 300 volt supply and need not

be adjusted independentiy. The output of the -300 volt suppLy can be

adjusted by potentiometer Rl24 (screwdriver-adjustment type), mounted

at the rear of the power supply chassis.

Through the negative feedback action of the high gain amplifier, the

potential of the slider.of Rl11 (connected to the 6AU6 grid) will be main-

iained very close to cathode or ground potential. Therefore, the voltage output
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appearing across R1 will be regulated to the value ei (Rf/Rl), The ratio(fu/R1l sets this voltage to + 3?0 volts.

In each regulated supply, the direct and feedback connections to thescreen grid of the 6AUG (ntog in the positive supply, Rl21 in the negativesupply) are both in a direction to oppose the change in plate potential broqghtabout by change in line voltage. By proper choice of component varues,screen grid control is thereby used to augment the regulaiion brought a-boutby the 6AUO control grid.

Computer Cabinet

The sheet-metal computer cabinet mounts the two standard g gl4,l
panels of the Amplifier and Power Suppty sections. It is provided with aremovable back, which gives access to tubes and adjustments withinthe computer. In addition, the removable back supptrts the ventilating fan,

trobleq Board

The Problem Board provides connections between operational
amplifiers and specific external cornputing elements which generate theelectrical analogs of differential equationJ to be solved. Connections fromthe inputs of all amplifiers are brought through the mated.connector pairat the left of the computer to the corresponding input terminale in thecircuit representation of the amplifiers on the problem board. Connectionsfrom all amplifier outputs are routed through the connector pair on theright of the computer to comesponding outpirt terminals in the circuitrepresentation on the problem board. Input and output wiring runs are keptseparated, even in the problem board, in order to minimize crosstalk
from the high-level output of one amplifier to the low-level input of another.Input and output connections to one Model 3?30 Electronic Function Multiplierand one Model 3750 Variable Base Function Generator are available on theModel 3034 and 3033 probtem Board (I[ustrated in Drawing ggO). fr, 

"Ojitio.r,a dual-vacuum diode (6ALb) is mounted in the power supply chassis, andboth plate and cathode connections are terminated on the Model 3038 and3034 Problem Boards.

Poles of the coMpurE-RESET relays are brought by two routes totbeit terminaie in the circuit schematic an the problem board. The fivepoles and associated double-throw contacts which are affected by theHOLD-OPERATE relays and are allocated to low-level or input functionsare routed with the amplifier input wiring through the eonne"ior oo the left.rn the circuit representation of the relay! in the upper central section ofthe problem board, terminal connections for these five low-rurr"i;;i;;'poles occupy odd-order positions 1, B, b, ? and g, reading from the left.The remaining relay poles and associated contacts, which are allocatedto high-level or output functions, are,routed with the amplifier outputw-iring through the eonnector on the right. In the circuit representationof the relays on the probrem board, terminal connections for these
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high-level relay Poles occupy even-order posit ions 2, 4, 6, I  and 10.

Each problem board is furnished with a bottom cover plate, which
serves as a shield and reduces AC hum on any amplifier output to an
unimportant level. The bottom plate also provides four support points, on
which the board rests when it is plugged into the computer.

The Model 3034 Problem Board is equipped with jack type terminals.
The Model 3033 Problem Board is instead equipped with solder type terminals"
Jacks are spaced three-fourths inch between eenter6, and are located and
connected as shown in Drawing 850.

OPERATING INSTRUCTIONS

Procedure for ComPuter Set-UP

Initial set-up and adjustment of the Model 3000 Computer should be
caryied out with the problem board completely detached, or alternatively,
with no connections made to the amplifier terminals on the board.

With the PLATE and FILAMENT switches in the OFF (down) position,
attach the line cord at the lower rear of the computer cabinet and plug it into
a source of 105-125 volts, 60 cps AC, (or 230 volts, 50cps, i f  so ordered).
Turn the FILAMENT switch ON and allow the vacuum tube heaters to warm up
for one minute before turning on the PLATE switch. After turning the PLATE
switch ON, allow the computer to warm up for at least an hour before making
final balance or gain adjustments on the operational amplifiers.

The power supply voltages of + 370 and - 300 are not likely to require
adjustment, but may be set by means of the slotted-shaft potentiometer on
the rear of the power supply chassis. This potentiometer (Rl24 on
schematic Drawi.ng 82al sets the - 300 volt level. The + 370 volt supply
isttslavedtt to the negative supply and will not require readjustment.

If the problem board is discpnnected, or if no connections are made to
amplifier terminals on the board, balance and gain adjustments may be
made with the I{OLD-OPERATE and the COMPUTE-RESET switches in any
position. Balance and gain adjustments of the amplifiers are largely inde-
pendent. However, it is recommended that all amplifiers be brougftt
approximately to balance before gain settings are made. The gain adjust-
ment is very stable, and need be made only infrequently. Fine balancing
may then be carried out just before the computer is used for problem
solution.
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Wire-wound Type, L% or 0. tyo Tolerance:

100,000 ohms
200,000 ohms

500,000 ohms
I Megohm

Fixed Capacitorg

Types: Polystyrene or Mylar Dielectric
Values: 0.01 mfd

0. 1 mfd
1.0 mfd

C.oefficient potentiom eters

Types: single-turn composit ion or Mult i-turn wire-wound;
Al l  100,000 ohms.

As described previously in the section on Operational Amplif iers, f ixed
resistors are used for both input and feedback impedances in processes ofalgebraic summing, sign changing, and multiplying or dividing by a constant
factor, as i l lustrated in Figures b, 6 and ?, pages zg - Bl. r;  addit ion,
f ixed resistors are used as input impedances when operational amplif iers are
used for integration, as i l lustrated in Figures g, g and 10, pages 82_84.Fixed capacitors are used as the feedback impedance C1 of 

"u"i 
integrators.

The range of component values given above permits the selection of gain
fctors,.RtlRi_""d of integrator time constants 1/Rtcr over a wide 1."rrg".
The ratio Rr/Ri should not be al lowed to exceed 50, ind should be 20 or lessfor maximum accuracy.

Coeff icient potentiometers are commonly used across the outputs of
operational amplif iers. One common reason is to increase solution accuracy
by permitt ing the amplif ier to operate over most of i ts ful l  range, even
though only a fraction of full voltage is required for the following operation.
Another purpose is to derive h specified fraction of the total voltage whichrepresents a variable, in the process of synthesizing the highest order
derivative for init ial problem set-up.

The i;nportant parameter introduced by a coeff icient potentiometer isa voltage ratio, established by the posit ion of the variable arm. However,
the actual voltage attenuation coefficient, which must be accurately known
for an accurate problem solution, depends upon the resist ive load connected
between the variable arm and ground potential.  Such a load is normally
applied by the input resistor of an operational amplif ier. Actual potentio-
meter eoeff icients may be set or read accurately to three signif icant f igures
by the use of the Model 5000 Null Voltmeter. See the Instruction Sheet onPotentiometer Strips Models 30?1 and 30?3 at the end of this Handbook.
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Initial Condition Voltages: Set-Up and Measurement

Each operational amplifier used as an integrator in the solution of a
differential equation requires an associated initial condition voltage which is
the analog of the arbitrary constant of integration. As shown in Figures 8, I
and 10, Pages 32, 33 and 34, the init ial condit ion voltage is applied across the
integrating capacitor, and is maintained until its sudden release at t = 0,
when the problem is released to the computer for solution.

The five independent, adjustable Initial Condition Power Supplies of
the Model 3000 Computer furnish f ive regulated DC voltages which may be
used as init ial condit ions, driving functions, or for other purposes as required.
When one of the supplies is used to furnish an initial condition voltage, the
output is connected across the feedbaek capacitor of the integrator concerned,
and therefore establishes the output voltage at t = 0. Initiat condition voltages
may therefore be read or adjusted with the aid of the panel meter by
selecting the operational ampli-fier concerned and reading its output voltage.
However, a much more accurate sett ing or measurement is possible with
the Model 5000 Null Voltmeter. Change in polarity of the initial condition
voltage is introduced by reversing connections to the output terminals on the
Power Supply Panel.

Use of the COMPUTE-RESET Relayj

When the problem board connectors are engaged, the operation of the
COMPUTE-RESET switch involves the relay ter,minals at the upper center of
the board. When the COMPUTE-RESET switch is in RESET position the
relays are unenergized, and the contacts are as shown in Drawing 850: the
center contact of each relay pole is connected with the contact just above
it on the problem board. No connection is made with the lower relay contacts
on the board. When the switch is thrown to COMPUTE, the center contact
of each relay pole is disconnected from the upper contact and connected with
the lower.

The action of the COMPUTE-RESET relays described above is used
to maintain an independent initial condition voltage across the feedback
capacitor of each operational amplifier used as an integrator, until the time
when the problem is released to the computer for solution. Thereupon the
function of the COMPUTE-RESET relays is to disconnect each integrating
capacitor from its Initial Condition Power Supply, and to connect the input of
each operational amplifier used as an integrator to the proper driving point
in the circuit analog.
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Proper use of relay connections on the problem board is i l lustrated in
Figure 14, Page 38:

1. Two relay poles are allocated to each integrator in the problem
set-up: one marked IN for use in the low-level amplifier
input circuit, and the other marked our for use in the high-
Ievel amplif ier output eircuit.

2. The center connection of the relay pole marked IN is connected
to the integrating capacitor on the input side of the amplifier,
and the center connection of the relay pole marked our is
connected to the integrating capacitor on the output side of the
amplif ier.

3. The upper contact of each relay pole is connected to the Init ial
Condit ion power Supply.

4- The lower contact of the IN relay pole is connected to the point
in the analog ci.rcuit which must be connected to the input
of the integrating amplifier during problem solution. The
lower contact of the our relay pole is not required for the
functione under discussion.

While the COMPUTE-RESET switch ie in RESET poeition, Figure 14,Page 38, shows that the voltage from the Initial Condition power Sufiply ismaintained across the integrating capacitor. When the switch is thrown to
COMPUTE position, connections to the Initial Condition power Supply arebroken, and amplifier input is connected normalty for problem solution.

During normal RESET. or COMPUTE operations as described above,the HOLD-OPERATE switch is kept in the OPERATE position. As shown in theschematic, Drawing 850, the HOLD-OPERATE relaye remain unenergized
in this switch posit ion, and in terms of Figute L4, the center terminal ofeach relay group designated IN on the problem board is direcly connectedto the pole of the relay. However, when the HoLD-OPERATE switch isthrown to HOLD, the associated relays are energized and the center terminalof each relay group designated IN on the problem board is disconnected
from its COMPUTE-RESET relay pole by the opening of the switch designatedITfr.  /
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The HOLD functian is used when problem solution is to be interrupted
temporarity (for examj.nation or change of parameters or Scale) and then
resumed to completi .on. Observance of proper connections to the COMPUTE-
RESET relays as shown in Figure 14, Page 38, insures proper operation of the
HOLD-OpERATE relays. Since the HOLD function is used only while the
COMpUTE-RESET switch and relay poles are in COMPUTE posit ion, Figure
14 i l lustrates that HOLD operation interuupts the charging current input to
each integrating capacitor so that integrator outputs remain unchanged. The
computer solution proceeds when the HOLD-OPERATE switch is returned to
OPERATE Posi t ion.

Mult iple Operation

Two or more Model 3000 Computers may be used together as a single
large computer. To synchronize the COMPUTE-RESET and the HOLD-
OPERATE functions, connect the four terminal receptacles (J114) Iocated on
the rear of the power supply chassis in paral lel for al l  computers. Operation
of either the COMPUTE-RESET switch or the HOLD-OPERATE switch of any
one computer than produces simultaneous operation of the selected function
in al l  computers. (This cable is not normally supplied with the Model 3000).

To operate two Model 3000 Computers in the fashion described above
or to operate two Model 3000 Computers from a single Model 3720 Cyclic
Reset Generator, a special interconnecting cable (Model 3720, Cable No. 569)
may be obtained from the factorY.

Ainpli f ier Drift Stabilization

Where greater accuracy requirements or long computing intervals
necessitate the use of stabil ized computing amplif iers, the Model 3760
Chopper Stabil izer may be connected to one exi.st ing Model 3000 Computer
to greatly reduce the drif t  of each of the ten operational amplif iers. The
Modet 3?60 is usually placed between the amplif ier and power supply chassis
of the computer.

SERVICING

Except for the renewal of fuses, pi lot l ights or tubes, servicing
should be referred to the nearest Donner Scientif ic Company representative.
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Analog Computer Model 3000
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Figure 3a: symbolic Diagram of High Gain Amplifier

Suitable for Analog Computer Applications.

?

Figure 3b: Symbolic Diagram of Operational Amplifier.
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AMPLI FIE R, II.IPUT AMPUFIER OUTPUT ENoI'UD

Figure L2: Operational Amplifier Connection for Gain Adjustment.
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Figure 13: Operational Amplifier Connection for Balance Adjustment.
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ffi,
An engineering tool for producl design,
process simulol ion, reseqrch ond
developmenl, ond inslruction. A complete
DC onolog compuler, with self-contoined
power supplies ond operoting confrols.

FEATURES
e l0 stoble, high-goin operotionol ompli f iers.
r 5 init iol  condii ion supplies, plus ol l  computer

power supplies.
o 2 { looting diodes for l imit ing functions.
o Buil t in controls, including Compute-Reset ond

Hold-Operote.
o Integrol meter for set-up, reodout ond

performonce checking.
r Individuol overlood indicotors ond ompli f ier
'  bolonce controls.

The Model 3000 is the bosic uni t  in o Donner bui ld ing-block comput ing center '
I t  is  o complete onolog comput ing {oci l i ty  -  technicol ly,  o generol-purpose DC
electronic di f {erent io l  onolyzer.  With only o deiochoble problem boord,  o selec-
t ion of  p lug- in components ond o s imple reod-ouf device,  i t  solves o wide vo-
r iety of  problems.

This smol l ,  desk-top uni t  for  indiv iduol  engineers or design groups is eosi ly sel
up ond operoted. Quoni i to i ive resul ts wi ih occurocies wi lh in lo/o ore obloined,
os wel l  os quol i tot ive indicot ions.  Detochoble problem boords permi i  one engi-
neer to use ihe moin comput ing equipment,  whi le others ore construci ing their
own problems on seporote boords for subsequeni  solut ion on the computer.
The Model 3000 is used for s imulot ion of  physicol  sysiems, which ore expressed
mothemoticol ly by di f ferent io l  equol ions or t rons{er {unct ions.  These ore repre-
senied direct ly by compui ing componenis (resis iors,  copoci tors ond potch cords)
plugged into the deiochoble problem boord.

The computer operoies in "reol  t ime" (durot ion of  s imuloied problem some os
intervol  being studied in the physicol  system),  where desiroble.  Problems moy
be speeded up or s lowed down, to foci l i tote exominol ion ond/or recording of
the solut ion.  Ei ther one-t ime (monuol conirol)  or  repet i t ive solut ion moy be pre-

sented, the lotter requiring on occessory (Model 3720 Cyclic Reset Generotor) to
control  the COMPUTE-RESET {unct ion.

Problem solut ion moy be interrupied ot  ony instont,  " { reezing" i t  for  precise

meosurement of  i ts  vor iobles.  The solut ion is then resumed by merely returning
the HOLD-OPERATE switch to OPERATE. Output vol toge o{ ony operoi ionol
ompl i f ier .  ond ihus the port iculor vor ioble,  is  selected by o switch for  presento-
t ion on o torge ponel  meter.  This meter hos 3 fu l l -scole sensi t iv i t ies for  h igh oc-
curocy,  p lus provis ion for sel f 'checking of  computer performonce'

Probtem solut ions ore olso ovoi loble oi  outpui  terminols on the computer ond
on the oroblem boord.  Recommended reod-out devices ore str ip-chort  recorders,
X-Y plot ters,  d ig i to l  vol tmeters ond osci l loscopes. The lost  is  port iculor ly con-
venient wi ih repet i l ive solut ion presentot ion,  where porometers moy be chonged
ropidly to produce o desired potfern on the screen. An ideol  physicol  syslem
moy ihereby be synthesized; conversely, on existing system moy be occurotbly
onolyzed.

When problems to be solved exceed the copociiy of the bosic compuler, two or
even three Model 3000 Computers moy reodi ly be io ined for s imul ioneous op-
erot ion.  Where non- l ineor di f ferent io l  equof ions qnd certoin c losses of  t ronsfer
funct ions { involv ing mult ip l icot ion.  t ronsport  deloy,  etc.)  ore lo be solved, occes-
sor ies wi l l  be required. Chopper stobi l izor ion is providid by odding o s ingle
occessory.  Donner modulor design ol lows ropid oddi t ion or re-orrongement of
lhese supplementory bui ld ing-blocks.

Two computers operoted
in tondem. with o lorge
complement o{
o ccessori es.

DESK-TOP
COMPUTER
(Shown with Model
3034 Problem Boord)
Model 3000,
$r 150.00

I

i l

, , : : " , ' : t , : ,1: l t r : ' : " ' l :

Single desk-top computer
i  ,  ,  with three occessories ond "r. lW

cool ing-fon top uni t .
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The Model 3000 solves ordinory l ineor di i ferentiol equotions io the
fi f th order, olso reloted lronsfer funci ions. This l imitot ion is due io
the ovoi lobi l i ty of l0 operol ionol ompli f iers ond 5 init iol  condit ion
supplies; one ompli f ier is required for eoch integrotion {this iniegro-
tor moy be olso o summer) or summofion, ond one init iol  condit ion
supply is usuolly needed for eoch iniegrotor. Where init iol  condit ions
need not be estoblished, os in tronsfer functions ond certoin other
simulot ions, o single Model 3000 con hondle polynomiols of the sixih
or seventh order. The bosic computer incorporoies two flooting
diodes. for l imit ing functions' Non-l ineor problems moy be solved
with the oddition of occessories, bui the obove considerotions still
opply.
The fol lowing problem, which ut i l izes the ful l  copocity of this com-
puter, involves two cross-coupled second order differentiol equotions.
This is o simulot ion of both o mechonicol system ond on electr icol
circuit ,  which ore mothemoticol ly identicol.  The f irst consists of two
mosses, lwo springs ond two viscous dompers; on init iol  forcing func'
t ion or "kick" is oppl ied to one moss, ond both mosses stort with
init iol  displocements ond veloci i ies. The second, o two-section RLC
{i l ter, hos onologous provisions.

mognitude ond time to the ociuol physicol system by precise foctors
or mult ip l iers.  Veloci t ies,  et  cetero,  ot  " t ime zero" ore set  on the

ini t io l  condi f ion suppl ies ond their  volues checked with the Model

5000 Null Voltmeler. This occessory is olso essentiol for seiiing ond
reoding true volues (os looded) estoblished by the coefficienl poten-
tiometers.

l f  o very shor i  solut ion l ime is used, problem onswers moy be viewed
on on oscilloscope screen; cyclicolly repetifive presenlotion is very
ef{ective. With longer problem durotion, o slrip-chort recorder moy
be employed. The record below, mode with o two-pen mochine,
shows the displocements of the two mosses in the problem discussed.

The Model 3000 is copoble of driving direct ly most osci l loscopes ond
strip-chort recorders. lt will olso operote X-Y plotters, high-speed
osci l logrophs, digitol voltmeters ond vorious print ing reod-oul de-
vices. Mony of these excel lent ouxi l ior ies con be mounied in stondord
Donner modules. Some oiher speciol equipment required for port icu-
lor operotions. such os servo resolvers, is olso compotible eleckicol ly
ond mechonicol ly.

Versoti l i ty of ihe bosic computer is increosed by odding occessortes In
bui lding-block monner. These ore eosi ly instol led' in cobinet modules,
ond ol l  electr icol connections ore mode by simply plugging in the
cobles {urnished. For exponded copocity, two or three computers con
be ploced side-by-side ond inter-connected for simultoneous opero-
t ion.
The stondord Donner cobinet module consists of two side-brockets, o
spocer ond o bock plote. Simply bolt  one to onother to bui ld up ony
desired ossembly. The bosic computer ond oll its occessories ore fur-
nished on stondord $3/ax19 inch ponels, usoble in ony cobinei module.
Accessories ore normolly supplied with their own modules for "stock-
ing" on on exist ing computer foci l i ty, but ore olso ovoi loble in rock-
mormiing versions. All occessories (except Model 3260) ore ovoiloble
with complete individuol cobinets for use seporotely.
Desk-top computing.foci l i t ies moy be exponded to f ive modules per
verl icol boy. Lorger boys, up to eighi modules, must be f loor-mounted;
costered boses ond shelf units {to support problem boords) ore ovoi l-
oble for these. A cool ing-fon fop uni i  should be odded to eoch modu-
lor ossembly lorger thon the bosic computer; i .e.,  three or more
modules.

\ *",r, \
ir  ln '

The equot ions of  moi ion ore:

F( t ) :  t ,  r ,  + C, (1,  -  * , )  + K1 (x,  -  xr)

-0:  mz i r -  C, (1,  -x,)  + C2 i2 -  K,  (x,  -  xr)

ond

E(t) :  L,  q,  + R, (q,  -  q,)+ l (e,  -  o,)
0 :  L,  qr-  R, (Q, -  q,)  i  Rz g,-  l ,  (e '  -  cr)

Upon tronsposing ihe highest-order ferm to the left  ond dividing ol l
terms by its coefficient, lhe equolions con be directly represenied in
computer longuoge. Iniegrotion of occelerol ion produces velocity,
ond integrotion of velocity yields displocement. Stort ing with the high-
est derivotive, this procedure immediofely develops into the fol lowing
diogrom.

The problem, occording to i ts diogrom, is now constructed in on iden-
t icol  monner on the problem boord.  Al l  vor iobles ore present os vol l -
oges chonging in mogni iude with.  t ime. Volues of  comput ing com-
oonents ore chosen {or convenient solut ion t imes ond desiroble vol t -
oge ompl i tudes. Such "scol ing" produces occurcj te onswers,  re loted in

-fl!
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FTOOR NAOUNTING BASE UNIT
Four swiveled costers permi i  eosy mov-
ing. Contoins reploceoble f iber gloss
f i l ter  {or  o i r  intoke.
Model 3016. $60.00

COOLING-FAN TOP UNIT
Required for eoch vert icol  boy of  3 or more modules,
to insure proper cool ing of  equipment.
Model 301'1.  $90.00

NUtt VOLTMETER
Esseni io l  for  set t ing ond meosur ing coeff ic ient  poten-
t iomeler yolues { looded} ond in i t io l  condi t ion vol toges.
Model 5000. $]90.00

CO'VIPUTER UPPER UNIT
Contoins operot ionol  ompl i f iers ond meter ing c i rcui ts.
Musl be ploced immediotely obove Model 3250 (if
used) or computer lower uni t .

CHOPPER STABILIZER
lndiv iduol  choppers stobi l ize l0 ompl i f iers obove, es-
seni io l ly  e l iminot ing dr i f t .  Must be ploced between
compuler uni ls.
Model 3760. $1415.00

CO'\APUTER TOWER UNIT
Contoins ol l  power suppl ies,  controls ond problem
boord iocks.  Musi  be lowest module for  desk-top use,
or be used with shel f  uni t  belou.

SHETF UNIT
Supports problem boord ond potent iometer str ip.
Drower wi th lock provided for components.
Model 3021. $85.00

EIECTRONIC FUNCTION'I / tUtTIPtIER
2 seporote chonnels occept independeni ly vorying in-
puts U, V, X ond Y. Products UV ond XY del ivered.
Model 3730. $875.00

VARIABIE BASE FUNCTION GENERATOR
Closely opproximoles most s ingle-volued funct ions by
f i t t ing 24 l ine-segmenls lo curve desired.
Model 3250. $425.00

CYCLIC RESET GENERATOR
Resets ond restorts computer ofter eoch 0.1- io I6-sec-
ond comput ing in iervol  {smoothly odjustoble).
Model 3720. 9200.00

- ::'
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Above occessor ies hove integrol  power suppl ies,  where required, wi th 115/230 vol t ,50 or 60 cps
input {speci fy power l ine vol ioge ond {requency on order) .  Wri te for  speci f ic  doto sheets.

Comput ing Joci l i t ies below show growth of  the desk-top compuler to o complete comput ing cen-
ter.  Eoch successive complement of  equipment provides more f lexibi l i ty .  Eoch hos o recommended
plug- in componeni select ion to hondle problems within i ts copoci ty.

Donn er
Model

Foci l i ty  "A '
Desk-top

Foci l i ty '8"
Desk-top

Foci l i iy  "C" Foci l i ly  "D"

Desk-top Floor-mount

3000
301 l
aor e
3021
3034
307 1
3023
3720
3730
3750
5000

Components

2

4

I,]

;

'|
1

;
I

;
'Budget '  '

,|

I
I
I

'  'Verso t i  I  e 'Opt imum l l  "Opt imum l

Pr ice $i  835.60

Component select ;ons ronge
from o minimum lo o fu l ly
f lexible ossortment '

$3,773.20 s7,422.00 $4.355.00

"Budget"  .  . .  $225.60 "Ur i l i ty"  $394.00
"Versot i le"  $533.00 "Opt imum l"  .  $770.00

"Opt imum l l "  $932.00 (Polysiyrenecopoci iors)

Indiv iduol  chopper stobi l izot ion of  operot ionol  ompl i f iers is provided by od-
di t ion of  Model 3250 (one per Model 3000) to ony comput ing foci l i ty  obove.

bosic compuier; i.e., ihree or more



Model 3073 Potentiometer Strip).
Model 3033, with solder posts.
$85.00 (similor, not shown).

The Donner problem boord hos o "rood mop" loyout, foci l i tot ing problem visuol-
izotion ond set-up. lndividuol terms in differentiql equotions or tronsfer functions
ore consiructed with potch cords, resistors, copocitors, ond coefficient poteniiome-
ters. This step-by-step procedure develops o direci representotion of the entire
problem.
All  ompli f ier inputs ond outpuis ore ovoi loble on the boord, ond ony ompli f ier
moy be used os on integrotor or o summer/inverter. There is no restriciion on the
number of inputs lo ony summing junction, ond omple free-f looting ioik f ields ore
included {or convenience. Al l  ini t iol  condit ion reloy connections ore mode on the
boord. Jocks ore provided fbr poiching-in iwo seporote Electronic Function Multi-
pl ier chonnels (one Model 3730) ond one Vorioble Bose Function Generotor (Model
3750); connections io these iocks ore brought oui on lhe reor of ihe Model 3000
Computer for cobling to the respective occessories in o modulor ossembly. The two
flooting diodes in the Model 3000 ore connected to designoied iocks on the prob'
lem boord.
The problem boord mechonicol ly engoges ihe compuler with two lorge muli i-con-
loct connectors, which olso corry ol l  electr icol circuits. The boord is oi ioched by
pushing i i  into ploce ond is deloched by simply pul l ing i t .  A problem sef-up moy
be left undisturbed for future use by storing the problern boord with its components
in ploce.

PRECISION RESISTORS

1% toleronce, deposi ted corbon, molded in rubber wi th convenient
hondles.  Through-connect ions ol low "stocking" for  eosy problem set-up.
Vofues 0.1,  0.2,0,5,1,2,5 ond l0 megohms -  eoch morked ond colored
dist inct ively ( l ' / .  ond 0.1 ' / "  wire-wound resistors olso ovoi loble) '

Ser ies 30-101, $2.80 eoch

INTEGRATING CAPAClTONS

Mylor dielectr ic,  I  % toleronce recommended for generol  use. Polystyrene
dielecir ic,  l ' l .  to leronce {0.1% olso ovoi loble) provided {or cr i t icol  oppl i -
cot ions.

Typ. 0.01 y{d 0.1 pfd I pfd

MAIN POWER.SUPPLIES
Posit ive ond negotive DC supplies, olso ompli f ie
heoter supply, closely reguloted for stobi l i ty.

INITIAL CONDITION SUPPtIES
5 reguloted, f loofing sources of 0 to I00 volts (smc
either polori ty) ot 5 mil l iomperes moximum.

OPERATIONAL RELAYS
Init iol  condit ion reloys, octuoted by COMPUTE-RES
connected on problem boord to remove or set in in
system disturbonces (step funci ions, etc.).
Hold reloys, octuoted by HOLD-OPERATE switch, o
nected to orrest progress of problem solution until s

METERING CIRCUITS
y'1/2 inch squore. zero-center meter with 2, 20 ond
sensitivities reods outputs of selected omplifiers. Cor
once-check posit ions provided, olso switch posit ion
ment with osci l loscope.

INPUT POWER REQUIREMENT
105-125 volts, 60 cps, 350 wotts; 230 volts, 50 cp
order (specify).

DIMENSIONS
Bosic computer cobinet 2l  wide x l9 high x 15 inc
1 00 pounds net, I  I  5 pounds shipping {domestic pocl
Problem boord 2l wide x 2 high x 14 inches deep. \
net. l5 pounds shipping (domestic pocking).

PRICE
Model 3000 Anolog Computer, $1 150.00. Al l  pr ic
Foctory (Concord, Coli fornio). Prices ond technicol
ject to chonge wilhout notice.

.&3r$&**ffiff i  #ff iSMW&*Yffiff iKi e Yffi

@ tgsz oonnen scrENitFtc coMPANY PFINIED IN u s.  A.

t i . , !

%'',
Model 3034, with iocks for plug-in !  .
components, $95.00 (shown with \

Poly,  Ser ies 30-110 $8.40
Myfor,  Ser ies 30-1 I  I  6.50

PATCH CORDS
Four color- ident i { ied lengths 14,8,  12 ond.24 inches) speed problem con-
struct ion'  Through-connect ions permit  " t totu 'nn' ' r " r ,u,30rr20, 

$r.50 eoch

COEFFI CI E NT POTENTI O'VTETER
0.1 megohm composi t ion plug- in uni t ,  molded with fhrough-connect ions.

Model 3061, $7.20 eoch

POTENTIOMEIER SIRIPS
Ten single-turn,0. i  megohm composi t ion pots in o norrow cobinet which
ol toches to problem boords; .second ond third str ips moy be odded. Jocks

ond switching circui ls provided for meosur ing octuol
(loodedl volues with Model 5000 Null voltmeter.

Model 3071. $85.00

Simi lor  str ip,  but  wi th ten l0- turn precis ion wire-
wound pots,  0.1 megohm ond 0.5% l ineor i ty,  p lus
ten duol-indicoting diols. Model 3073, $320.00

$9.80 $28.00
7.50 16.00



OPERATIONAL AMPTIFIERS
Eoch of the l0 identicol omplifiers uses o single tios." ?f 

omplificotion

employing o penlode al'"ti-tt'pl"a ro o-11i.e-s;b,olonced cothodr

follower. This unique a"'ig"'(iJ'iip"tent 2'581 '456 b1-Dr' l' H' Swi{t

formerlv of U.S.N'O'T'S') ;tt"''d"t o single lime-constont' thereb'

,lir'i.,'j'"r'tn"t" ,nirt "ta i"ttrir"g u'" J.1 
'"'v 

high goin with {re€

dom from osci l lot ion' r 'op"i  tp"t"t i in is olso insured to much highe

frequencies rhon with otnu' t ; iui t '  involving mult iple stoges ond coi

rective networks'

MAIN POWER'SUPPLIES
Posit ive ond negotive DC supplies' olso ompli f ier input pentode

n"ot", ,upply, closely reguloted for stobi l i ty '

INITIAT CONDITION SUPPtIES

5 reouloled, f looting sources of 0 to 100 volts (smoothly odiustoble'

eirf tJr pofori ty) ot 5 mil l iomperes moximum'

OPERATIONAL RETAYS
lni i iol  condit ion reloys, ociuoted by COMPUTE-RESET.switch' con be

connected on problem boord to remoYe or set in ini t iol  condii ions or

system disiurbonces (step funciions' etc'l'

Hold reloys, octuoied by HOLD-OPERATE switch'.ore internol ly con-

nected to orrest progress o{ problem solution until switch is reset'

METERING CIRCUIIS
y'1/2 inch squore, zero-center meter with 2' 20 ond 100 volt full-scole

sensitivities reods outputs t-i '"i""t"a 
ompiifi"rs' Coorse ond fine bol-

once-check posi i ions provided' olso switch posi i ion {or goin meosure-

ment with osci l  loscoPe'

INPUT POWER REQUIREMENT
105-125 volts,60 cps,350 wotts;230 volts'  50 cps version' speciol

order (sPecifY)'

DIMENSIONS
,"r,. . . t0"* '  cobinet 2l wide x 19 high x l5 inches deep' Weight

i lO;;; i t  net. I  l5 pounds shipping {domesiic pocking)'

Prob|emboord2lwidex2highxl4inchesdeep.Weight l2pounds
n"l,  t5 pornd, shipping (domestic pocking)'

PRICE
Model 3000 Anolog Computer'  $1150'00' Al l  .pr ices 

domestic'  FOB

Foctory {Conco'd, c"lif;;ti;)' p'itu' ond technicol specilicotions sub-

lect to chonge withoui notice'

I

Model 3000 OPerotionol AmPlif ier

The bosic open-loop goin of this single-stoge ompli f ier is greoler t l

'1000 over the ful l  t  fOo "oi i  
ouiput 'onge' 

This is regenerotir

increosedtol0,000(* in imum,withogedtubes)overthef, l00.
i""t", ""0 "".""a' 

iO,OOo for outputs *;11"';n i 50 volis' The unust

lv hioh qoin reduces tornpu*' ompli f ier error ( imperfect result

io nJn-int inlt" goin) to on insignif icont volue'

EochompIi f ier isnormo||yconnectedwithveryIo.rge,negot ive{r
bock oround i is single r, lgh-i ; in , toge. Exceptionol stobi l i ty ond i t

ffi il ; : i'r'i :: :"',. i !"".ii* i::fi:l l';?T, lT :;?: !il:
of extremelY high gotn on<

t ion ( ihe most cr i t icol  opu'ot ion' in computer work) is ochievoble

io-ns'poiod,*i:n,i::::*jt.J",r5f.J:::iil::i:1""i^1'.1i
viduol  choPPer s lobl l lzol lo
occessory.

r i
l i r
ri  t
! l  , ,

' l ' ,i i
l i
l l  , ,

uNSTABltlzED AMPIIFIERS (MoDEt 30oo ALONE)

GAIN: 10,000 minimum .t",  t"" t l00 volt  ronge;50'000 minimum *;1t i1 !5(

,nor, !lli'i' 1' ot l0 kc, os instolled wifh problem boord qnd connected os

goin inverter '
LONG-TERM DRIFT: Less tnon 4 millivolts per hour' referred to summing iunctir

unitY-goin inverier'
SHORT-TERM RANDOM DRIFT: Less thon 2 millivolts'undernormol operoling

tions.
GRID CURRENT: Less thon 10-e ompere (10-ro ompere typicol) ot summing iuncti

Problem boord'
HUM AND NOISE LEVEL: 1 mil l ivolt  rms or less' down ot leost 90 db {rom {ul l

volue.

OUTPUT' 5 mi l l iomperes over t l00 vol i ronge, with individuol overlood indi

sTABltlzED AMPIIFIERS (MODEL 3760 ADDED)

GAIN: 107 minimum ot zero lrequency (DC) over full f 100 volt ronge' Abot

frequency'  some os when unstobi l ized'  
- : - -

DR|FT.Lessihon0. lmi | | ivol t totoIexcursion,referredtosummingiunct ion,o
goin inverter' 

/oll olher choroclerislics unchonged)

* Yffi.S*Y gruffiYffiL$ffiffiruY#$ e Sffiffi\d€*l} -$tuffiffiffiLffiffiffirb$
&a*.&L"{3 {S * # htr p*e.*$-rffi ffi ffi

@ rssz oonl tn sclENTIFtc coM,PAW PFINTED IN u s A
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General Descript ion and Operating Procedure
Potent iorneter Str ips Models 3071 and 3073

The Donner Models 30?1 and 30?3 Potentiometer str ips contain ten 100' 000

ohm coeff icient potentiometers, jack-type terminals, and disconnect switches al lowing

measurement or sett ing of the true transfer coeff icient with the Modet 5000 Null vott-

meter, Normally the Potentiometer Strip l ies along the ful l  length of the problem board

and paral lel with i t .  The Potentiometer 3tr ip has t ivo banana plugs, which mechanically

engage either the Model 3033 or the Model 3034 Problem Board and make an eleetrical

ground connection. Addit ional Potentiometer Strips may be engaged with each other'

The Model 30?1 potentiometer Strip contains ten single-turn Allen Bradley

composit ion potentiometers r iyit tr metal knobs. The Model 30?3 Potentiometer str ip

contains ten Model AZ rc.5% l inear i ty)  10-turn Hel ipots wi th ten Modet RB 10-turn Duo-

dials.

To al low precise measurement of the true transfer characterist ic of the

coeff icient potentiometer with load attached, arl potentiometer str ips are equipped with

Null Voltmeter terminals and diSconneet switches, as i l lustrated in Figure 1'

GROUND

100 OHM
COEFFI-
CIENT
POT

Figure 1



Figure 2 shows a coeff i"cient potentiometer conventionally connected between
the output of Amplif ier A and the ' input of Ampli. f ier B. The actuat iransfer coeff icient
establ ished by the potent iometer is usuaLly not the s imple resistance rat io (potent iome
dial.reading); i t  is part iai ly determined by iE6loading of the input resistor to Amplif ier
(corinected between the potentiornetez" ar"m and the virtual ground at the amplif ier input)

LOAD

NULL
OLTMETER

100 v
ARM
GND

F igure 2
GROUND

After the NuIt Voltmeter and the Computer have been al iowed to warm up,
place the COiVIPUTE-RESET switeh in the COIMPUTE posit ion and the HOLD-OpERATE
swi.tch in the OPERATE posit ion. The Problem Board must be engaged. Connect the
Null Voltmeter as i l lustrated in Fi.gure 2 and place its function switch in the + COMpAn
posit ion. Throw the NULL VM switch on the Potentiometer Strip to the IN posit ion.
Adjust the potentiometer of the Null Voltmeter to obtain a null  reading on ttre meter. T
true transfer characterist ic of the coeff i"cient potentiorneter can be read directly on the
Helipot Duo-dial of the NulL Voltrneter. To reconnect the coeff ie ient potentiometer into
the probl"em board, throw the NULL VIVI switch on the Potentiometer Strip to the OUT
posi t ion"

The cireuit arrangement of Figure 2 can also be used in accurately sett ing th
actual transfer coeff icient of a potentiometer to any desired value between zero and
unity. The desired transfer coeff icient is set on the precise dial of the Null Voltmeter,
and the coeff icient potentiometer is adjusted to produce a null  reading on the meter.

LAl57

r
'v
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NE C OAII\IENDE D COIVIP UT IN G COMP ONENT ASSORT IVIENTS
FOR IVIODEI, SOOO A}.{ALOG COIVIPUTER

I;VPTET ComPoi.Sni Se:eqti.qg

Applications: Many ilLust: 'ative simulations and simpl.er engineering problems on a single
Altodet 3034 Problenr Board,

Patch Cords

P lgg: i* 9"p".jgrs. t0$"v ta{

Quantity Ya.1"ue

4 
-"'0. 

I mfd
Z 1- 0 mf,d

Stoek Nunoben

30*1,20 *4
30*120*8
&0*-1"20*12
S0*X20*24

Stoek Nuna-ber

30*101 *20
30-1.01*50
3CI-101*1"00
s0*t  01 -e00
s0- i0 l*1000

Stock Number

30*11 1 *10S
30*1i . l ,  *1"000

Stsek Nurnber

306 1

a€*!L
16

8

gg3$il-
5
5
5
5
5

QgatltttY

5

Ls:se
4tn
Btt

L?ul
24tt

"Y*!**-
0" 2 m-eg
0,5 m.eg
1. 0 meg
2.0 meg

1"0" 0 meg

Val,ue

100K

Prte e
Eaeh

$1" 60
It

l?

n

Pr iee
Eaeh

$2. 8o
n
t?

t i

f l

Pr tee
Each

$r" sCI
1"6" 00

Priee
Eaeh

Group
Extension

$57" 60

Group
Extension

$70. 00

Group
Extension

$62" oo

Group
Extension

$36. 00

$225.6o

I
4

PiLug*3n Fotenti.ometers {,1 tur:n, cormposi.t ton}
-----_g-+ff __ -.-: + 

--r-dd;'

$7.  A0

TOTAL

Prices FOB Factory,

s l24lss

subject to change without noiiee.



CiCl i lC:Ct! lEt .  C!A!t  FGtF|t |TA .  M|JLaTFFy t-r tar  .  CAtLt  $E|GtNNtt i

RECOMMENDED COMPUTING COMPONENT ASSORTMENTS
FOR MODEL 3OOO ANALOG COMPUTER

Applications: Good choice of components
problem on single problem

for scaling and setup
board, or illustrative

of complicated
problems on two

I

lPatch Cords

20
15
15
10

Quantity

Quantitv

LenEth

4"
gtt

L2,,
24"

Stoek Number

30-1 20-4
30 -1 20 -8
30-120-12
3A-L20-24

Stock Number

30-101 -10
30-101-20
30-101 -50
30-101 -100
30-101-200
30-101-500
30 -1 01 -1 000

30-111-010
30-111-100
30-1 1 I  -1000

Stock Num ber

carbon)

boards.

GroupPrice
Each

-
$ r .60

tl

f t

t t

Pr ice
Each

-\ ,
$ 2.So

tf

t l

t l

t f

' t
n

Pr ice
Each

$ 6.  bo
7. 50

16.00

Price
Each

$ z.zo

TOTAL

Extension

$ e6.00

Group
Ext ension

$ rrz.  oo

Group
Extension

5
5
5

10
5
5
5

Value

0. 1 meg
0.2 meg
0.5 meg
1.0 meg
2.0 meg
5.0 meg

10.0 meg

5
5
5

Value

0.01'mfd
0.1 mfd
1.0 mfd

1-turn com

$ 150.00

ntiometer

Quantitv
-&-

5

ices FOB Factory,

VaIue Stock Number

100 K 306 1

Group
Extension

$ 36.00
:

$ 394.00
subject  to change without notice. January lgFT
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RECOMMENDED COMPUTING COMPONENT ASSORTMENTSFOR MODEL 3OOO ANALOG CONAPUiNN

Full use of a singre problem board, or good use of two boards withaverage problems on each.

Applications:

Patch Cords

Quantitv
-

Quantitl

10
10
10
10
10
5

10

PIug- in Capaci tors (Mylar)

Quantitv
-

- i . .r Potentiometers 1 turn

Quantitv

6

Stock Number

30 -1 20-4
30 -1 20 -8
30-120-L2
30-r20-24

Stock Numbet

30-101 _10
30-101-20
30-101 -50
30- i  01 -100
30 -1 01 -200
30-101-500
30-101 -1000

Stock Number

30-1 1 1 -010
30-111-100
30-111-1000

Stock Number

30 61

30
20
20
10

6
6
6

Leneth
-

4' l
gt t

72"
2 4t l

Value

0. 1
0.2
0.5
1.0
2.0
5.0

10. 0

meg
meg
meg
meg
meg
meg
meg

Value

0.01 mfd
0. 1 mfd
1. 0 mfd

Value

100 K

si t ion)

Pr ice
Each

$ 1.60
tt

t f

n

Pr ice
Each

$ 2.80
tf

. t l

t l

l l

, f

' l

Pr ice

$ 6.50
7. 50

16.00

Price
Each

$ 7.20

TOTAL
-
January 1gb?

Group
Extension

$rze. oo

' Group
Extension

$182.00

Group
Exten^sion

$180.00

Group
'Extension
-

$ 43.20
--
$533.20rices FOB Factory, subject to change without notice-
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RECOMMENDED COMPUTING COMPONENT ASSORTMENTS
OR MODEL 3OOO ANALOG COMPUTER

Apptications: Highty complex problem on single problem board with wide choice ofscaling, or ful l  use of two boards.

Patch Cords

Price
. Each

$ t .oo
tl

t l

t l

Quantity Value

0.1 meg
0.2 m eg
0.5 meg
1.0 meg
2.0 meg
5.0 meg

10.0 m g

? I uer- i+"-Caoac itgr s (Mvlar)

Quantity

35
25
25
15

15
10
10
15
10
10
15

Quantitv

10
10
L0

Quanti.tv

10

Lensth

4"
g"

L 2' l
24"

VaIue

0.01 mfd
o. t  mfd
1.0 mfd

Value

100 K

Stock Number

30 -1 20 -4
30 -1 20-8
30-1 20-1 2
30-120-24

Stock Number

30-101-10
30-101-20
30-101-50
30-101-100
30-101-200
30-101-500
30-101-1000

Stock Number

30-111-010
30-1 1 1 -100
30-111-1000

Stock Number

306 1

Price
Each

$z.ao
tt

f l

f t

t l

il

il

Pr ice
Each

$6,s0
7. 50

I 6.00

Price
Each

Group
Extension

$ 160. oo

Group
Extension

$ zss.  oo

Group
Extension.

$ soo. oo

Group
Extension
-
$ 72.00

:.

$ 7?0.00

nt igmeters 1-turn,  com it ion)

$ 7.20

TOTAL
rices F OB Factory, subject to change without notice. January 195?
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AE COMMENDED COMPUTING COMPONENT ASSORTiIIENTS
FOR MODEL 3OOO ANALOG COMPINTER

Applieattons:

Pateh Cordg

Quantity

35
25
25
15

Plug*irl lLeststor e {tofo,

Qnantlty Valne

30' t lQ-4[
30-1 20-8
30* 1 20-1 2
30-120-24

deposlted earbon)

Stoek Number

OPTIMUII II Component Seleetlon

Ilighly eomplex problem on a slngle problem bsard wlth wide
choiee of seallng, or ftrll use of tws boards. Subetantiatly tm-
proved performanee on irategrettng operattons, due to use of
p olystyrene -diel.eqtr [e eapae itar s.

LengtE

4tt
gt t

L2tl
24tl

Stock Number
Prioe Group
Eech Extenstslt

PIug*16 Capaeltoro {Polystyrene)

Quasttty YaluE

0.01 mfd
0. I mfd
1" 0 mfd

30-101-10
30 -10 I  -20
30-10 t  -50
30-101 -100
30*101 -200
30-101 -500
30-101 -1000

$toek li[upber

30-110-010
30-1 1 0* l  00
30- I  10-1000

( 1-turn, composition)

St ock Number

306 I
to change

15
l0
10
l5
10
r0
15

10

10
10
10

0. 1 meg
0.2 meg
0.5 meg
1.0 meg
2.0 meg
5.0 meg

10.0 meg

100K

s1.60
tf

tl

l l

Prlee
Eeeh

$2.80
tl

H

ft

t l

il

n

Prlee
Eaeh

$ 8.40
g. 80

28. 00

$r60.00

Group
Extenston

$238. 00

Group
Exteneten

$462, 00

Group
Extension

$12._q!_
$932.00 41 58

P tug*in P otentlometer s

Qqq+tity Value
Price
Eaeh

$?.20

TOTAL
Prices FOB Factory, subject
without notice.
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This occessory to the Donner Model 3000
Anolog Computer provides repetit ive presen-
totion of the problem solution on on oscil lo-
scope or strip-chort recorder. lt couses the
compuier output to be disployed ot repeii-
i ion rotes smoothly odjustoble from 0.05 cps
io 20 cps. The Model 3000 is ihus operoted
os o "high speed" computer. A front-ponel
switch disobles the Cyclic Reset Generotor
when conventionol monuol operotion of the
computer is desired.
The Model 3720 is o simple pulse generotor,
connected to the COMPUTE-RESET reloys in
ihe Model 3000 Computer, ond octuoting
these reloys repetit ively ot o preset intervol
between 0.05 ond l6 seconds. This instru-
ment olso delivers o sweep-init ioting pulse
to the sync input of the oscil loscope used,
insur ing disploy of  the ent i re problem solu-
tion from "time zero."
In o iypicol  onolog comput ing foci l i ty ,  the
bosic Model 3000 Computer, together with
the Model 3720 ond other occessories, deliv-
ers its output to both on oscil loscope ond o
strip-chort recorder. Cyclic presentotion, on
the oscil loscope is employed while problem
porometers ore voried to produce the solu-
tion expected or desired. Then, permonent
records ore mode on the strip-chorl recorder.
Ropid simulotion of on existing physicol sys-
tem, or conversely synthesis of on ideol sys-
tem, is thereby focil i toted.

FEATURES
. Resels,  restorts computer outomot icol ly.
o Any repei i t ion rote,  0.06 to 20 cps.
.  Scope sync pulse for  fu l l  d isploy.
.  Switch for  outomot ic or monuol operoi ion.

Jonuorv I  957
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OPERATING PRINCIPI-E

The Model 3720 incorporotes o highly sioble, free-

running mult iv ibrotor operoted {rom o reguloted

power supply.  This c i rcui l  generoles ol l  pulses ond

step voltoges required for operoi ion of ihe computer

reloys ond tr igger ing the osci l loscope sweep. The

repet i t ion rote is smoothly odiustoble,  in f ive ronges,

from 0.06 cps to 20 cps.

$t  the end of  the preset comput ing intervol ,  the Cycl ic

Reset Generotor stops the progress of ihe solut ion ond

resets ihe computer in i t io l  condi t ion vol toges. A tr ig-

ger ing pulse is then.,seni ' to the sync input of  the osci l -

loscope, in odvonce of the next solut ion presentotion.

Afier the scope sweep storts, there fol lows o brief

lopse propori ionol to the preset computing intervol;

th is insures thoi  the ent i re solut ion is disployed. The

problem solui ion is then in i t ioted by o step vol toge

opplied to the computer. The entire cycle repeots oi

the reoet i t ion rote set  on the RANGE ond FINE

ADJUST controls.

The AUTOMATIC-MANUAL switch provides ei ther

outomot ic repet i t ion of  problem solut ion or monuol

operoi ion. The Model 3720 moy thus be connected or

disconnected ot  wi l l ,  wi th no wir ing or cobl ing chong-

es. COMPUTER ond OSCILLOSCOPE ir igger output
jocks ore provided on both front ond reor, to permit

use of this occessory either seporotely or in modulor

ossembly.

MODEL 3Z2O WITH STANDARD MODUIE
Dimensions:83/a x 19 inch ponel  wi th Donner

stondord module.
'  Weight,  24 pounds {shipping).

Domest ic pr ice,  $200.00, FOB Foctory.

Technicol specif icot ions ond prices subiect to chonge without notice.

I\AODET 3720-R RACK-MOUNTED
Dimensions'  83/ ,  x l9 inch rock-mounted

ponel ,  l2 inches deep.
Weight:  24'pounds {shipping).
Domest ic pr ice,  $185.00, FOB Foctory.

SPECIFICATIONS

Repet i t ion Rote:

0.05 cps to 20 cps, smoothly
odiusioble,  in 5 over lopping ronges:

l .  0.05 to 0.2 cps
2. 0.2 to 0.6 cps
3. 0.6 to 2.0 cps
4. 2.0 to 6.0 cps
5. 6.0 to 20 cps

Frequency Siobi l i ty ,

10/"  power l ine vol ioge chonge produces

less thon 5% shi f t  in.repet i i ion rote.
Moximum dr i f t  ' |0" /"  of  set  intervol ,
of ter  I  5-minute wormup.

Output to Computer:

20 vol ts negot ive-going sfep vol toge.
Internol irnpedonce opproximotely
12,000 ohms

Osci l loscope Tr igger,

6 vol is posit ive pulse with very short
r ise i ime.

Output impedonce opproximoiely
'l 000 ohms.

Tube Complement:

6C4, 6X4, 12 AU7 l2l, 082.

Power Requirement:
, l05-125 volts, 50-60 cps, l8 wotts;
230 volts,50-60 cps version, speciol order.

MODEL 3720-K WITH COMPTETE
INDIVIDUAT CABINET
Dimensions, 22 wide x l0 high x

l5 inches deep.
Weighi :  26 pounds {shipping).
Domest ic pr ice:  $215.00, FOB Foctory

coNcoFo. eaLrFoFNta
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ANALOG COMPUTERS TRANSDUCERS TEST INSTRUMENTS

Phone MUlberry 2-6161 .  Cable:  DONNER

CONCORD, CALIFORNIA

MODEL 3?31 Eteclronic Funct ion Mult ip l ier

MARCH. 1954
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FEATU RES

Products accurate within 0.25% ol full
scale (luII scale :200 v).

Dynamic response excellent to 100 cps
or higher.

Very low drilt and noise level.

B uilt-in regulated power sup plies.

Modular construction lor building-block
assembly.

APPLICATIONS

Generation of terms involving products in
non-linear difi erential e quations.

Power terms in second and higher
degree equations.

Products of algebraic and trigonometric
functions.

Multiplication or division.in non-computer
work, such as on-line data processing.

The Model 3731 is a two-channel multiplier which accepts
four independent input voltages, LJ, V, X, and Y, each of
which may be steady or continuously varying. Instantaneous
products UV and XY are delivered with correct dc and ac
components, proper algebraic sign, and accuracy within
0.25% of full excursion. The instrument is complete with
its own power supply.

Each of the two channels of the Model 373l accomplishes
four-quadrant multiplication directly, where either signal
voltage input to the channel may have any value over the
operating range of -+ 100 volts. With simple external changes
of signal connections and the use of one external operational
amplifier, each channel of the Model 3'131 can perform two-
quadrant division, where one inprat signal may have any
value over the range of -+ 100 volts but the other is restricted
to the negative range. Four-quadrant division requires the
addition of one Model 3750 Variable Base Function Gener-
ator.
With no servo motors or other moving parts, this all-elec-
tronic multiplier has excellent frequency response and low
phase shift, permitting high-speed operation. The Model
3731 is normally used with Donner Analog Computers, to
which it may be very simply connected.
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FEATURES

Proclucts accurate within 0'25% ol lull

scale (luII scale :200 v)'

Dynamic response excellent to 100 cps

or higher.

* VerY tow drilt and noise level'

* Buitt-in regulated power supplies'

* Modular construcion lor building-block

assemblY.

APPLICATIONS

* Generation ol rcrms involving products in

non-linear difi erential equations'

* Power terms in second and higher

degree equations'

* Products ol algebraic and trigonometric

lunctions'

* Multiplicotion or division in non-computer

work, such as on-line data processmg'

The Model 3731 is a two-channel multiplier which accepts

four independent input voltages' Y' V' Tl -utd 
Y' each of

;ilh;"; be steady or continuously varying' rnstantaneous

;iluctst;t and iY are deliverei with correct dc and ac

components, proper afBeU:.aic. tig"' 111 
accuracy within

0.257o of full "^""r'ioi' 
The instrument is complete with

its own Power suPPlY'

Each of the two channels of the Model 3'731 accomplishes

four-quadrant 
-"ftipii"ution 

directly' where either signal

voltage input to the channel may have any value over the

"p".r:,ing 
i"tge of -+ 100votts'Wittr simple external changes

of signal connections and the use of one external operational

"-pTin"t, 
each channel of the Model 3'731 can perform two-

q.rua.urri division, where one input signal may have any

value over the range oi if OO volts but the other is restricted

to the negatiu" ,uog"' Fo"t-qoud'unt division 'requires th,e

addition of one Model 3750 Variable Base Function Gener-

ator.
With no servo motors or other moving parts' this all-elec-

tronic multiplier has excellent frequency response and- 191

phase shift, permitting high-speed operation' The Model

3731 is normally o'"itittt Donner Analog Computers' to

which it may be very simply connected'
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Phone MUlberrY 2-6161 '  Cable:  DONNER

coNCORD, CALIFoRNIA
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MODEL 3731
WITH STANDARD MODULE

Dimensions:
83/q x 19 inch panel with Donner
standard module

Weight:
43 pounds (shipping)

Domestic price:
$995 f.o.b. factory

MODEL 3731-R
RACK-MOUNTED

Dimensions:
83/+ x 19 inch rack-mounted Panel,
12 inches deep

Lleight:
40 pounds (shiPPing)

Domestic Price:
$980 f.o.b. factory

Data subject to change without notice.

DONNER ENGINEERTNG REPRESENTATIVES

UNITEO STATEIS AND GANADA

OPERATING PRINCIPLE

The Model 3731 is an electronic function multiplier
of the time-division type. Input U (or X) is sampled
over an interval proportional to V (or Y) during a
period of approximately 20 microseconds. Both in-
puts are appropriately biased to accommodate posi-
tive and negative signals. Several cycles of the rec-
tangular output waveform are averaged, yielding
the algebraic product of the two inputs. Because of
the high sampling rate, accurate multiplication re-

SPECIFICATIONS

INPUTS U, X
Voltages between -100 and f100 volts. Input
impedance 250,000 ohms.

INPUTS V, Y
Voltages between (a) -100 and f 100 volts, for
four-quadrant multiplication; (b) of negative po-
larity only (to -100 volts), for two-quadrant di-
vision; (c) -100 and f100 volts, for four-
quadrant division (with necessary Model 3754).
Input impedance 125,000 ohms'

OUTPUTS
-0.01 XY and -0.01 UV, in range of -100 to
f 100 volts at 5 ma maximum.

STATICACCURACY
Static error is zero for X - Y - O and increases
to a maximum of O.25Vo of full scale (full scale
- 2OO volts) near maximum outPut.

sults for voltage inputs from DC to 100 cps and
higher.

Two-quadrant function division (input V or Y al-
ways negative) is accomplished by placing the
Model 3731 :n'the feedback loop of an analog com-
puter operational amplifier. Four-quadrant division
requires the addition of a Model 37 50 Variable
Base Function Generator, to accommodate V or
Y inputs of either polaritY.

DRIFT
(1) After normal balance, drift (per hour) less
than 0.1 % of full scale.
(2) A full l.OVo shift in applied line voltage causes
a drift in output voltage of less than 0.25Vo of
full scale.

FREQUENCY RESPONSE
Within 0.5 db, 0 (dc) to 700 cPs.

PHASE SHIFT
Less than 2.5' at 100 cps. Phase shift proportional
to frequency below 100 cPs.

OUTPUT NOISE
50 mill ivolts rms, maximum.

POWER REQUIREMENTS
lO5 - 125 volts, 60 cps, 175 watts; 105-125 volts,
50 cps version, special order.

MODEL 3731-K
WITH COMPLETE

INDIVIDUAL CABINET

Dimensions:
22wide x 10 high x 15 inches deeP

Weight:
45 pounds (shipping)

Domestic price:
$1,010 f.o.b. factory

aTtAt{TA5-E. G. Holmes&Assoc., CEdarT-7801 o BoSTOil (Waltham)-Burlingame Assoc., Twinbrook 4-1955 o CIltaR RAPTDS-Engineering services
CHICAGo 3t-Rob€rt Lang & Assoc., Spring 4-3610 . CIEVELAI{D 12-The Satullo Co., lvanhoe 1-6200.. DALLAS 6-Arnold Barnes Co., EMerson
1-6716 o DAyToil 9-Lau;ence D. Bruno, Axminster3-8703 . DETROIT (Femdale) 20-Electro-Mec Assoc., LlncolnT-1422. XAilSAS CITY 11-Engi-
neering services, JEfferson 1-7765 o tos ailGELEs 7-perlmuth Instruments, Rlchmond 7-:432L . NEW YonK GIIY (Mt. Vernon)-Burlingame Assoc"
Mt. vernon 4-7530 o orTAwA (stittsviile) oltTARto, caltADA-lnstronics, Ltd., HAzeldean 56 .. Pill[AlrE[PHIA (Upper oatby)-Burlingarne Assoc.'
sHerwood 7.90E0 o sal{ FRANCTSCO (Menlo part)-Ault Assoc., DAvenport 6-1760 . SEATTIE 1-Harry Levinson col, MAine 5317 ' ST. fouls-Engi'
neering services, volunteer 3-3661 o sYnAcusE-Burlingame Assoc., GRanite +7409 . wAsHlilcT0tl, D.G'-Burlingame Assoc.,oliver 4€400

. 
wlCHliA- Engineering Services, AMherst 2-6516.

PRINTED IN U.S.A.
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DONI\ tEFt Mcl t r rEL 37E5c,
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This instrument elecironicol ly synthesizes
neorly ony non-lineor, single-volued curve
by opproximoting it with o series of con-
nected stroight-l ine segments. A steody or
vorying input voltoge, modified by the de-
sired function, becomes the output voltoge.
Accurocy within 0.5% obtoins for roots ond
powers, exponentiols, reciprocols, trigono-
metric r.elotions ond mony other functions.

The desired outpui/input chorocteristic is
eosily ond ropidly set by front-ponel con-
trols. Two or more Function Generotors moy
be coscoded for better opproximotion of
very irregulor curves. The Model 3250 is
normolly used with ihe DonnerAnolog Com-
puter, to which it is very simply connected.

APPTICATIONS
. Generotes orbitrory output/input

relot ionsh ips.
. Vorioble coefficients in comouter

problems.
. Generblized computer {orcing functions.
. Deod.spoce or bocklosh simulotion.
.  L ineor iz ing non- l ineor doto.

,

FEATURES
r 24 independent, free l ine-segments.
.  SlopeS ond' intercepts indiv iduol ly

odiustoble.
. 0.5% opproximotion of most functions.
. 2 or more units moy be coscoded.
. Built- in reguloted power supplies.

' Modulor. construction for building-block
ossembly.

September I956
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OPERATING PRINCIPTE

The Model 5000 hos o series-reguloted power supplf
with o 'tonsfont-current-fed voltoge reference. The
flooting 100-volt oulput hos exceptiohol stobil ity ond
regulotion. This output, polority selected by o front-
ponel switch, is opplied ocross o ten-turn, 20,000 ohm
wire-wound potenliometer hoving excellent l ineority
ond resolution

When the selector switch is set for OUTPUT, the full
the l00V ond GND terminols.100 volts is ovoiloble ot

'The volioge ot the potentiometer slider, os estoblished
by.ihe duol-indicoting dioi, oppeors ot the ARM ter-
minol. Thus, ony voliogei up to 100 yolts (either polor-
ity) is delivered.

With the selectbr switch set ot COMPARE, o null de-
tectoi' is inseried between the. potentiometer slider
ond'the ARM terminol. An externol voltoge opplied to

, the GND ond ARM terminols moy now be motched
precisely by odiusting the direbt-reoding potentiome-

f.tb1 to produce:o riull. The exoci rotio of on externol
lseriesresigtor combinotion (ie., the true ottenuotion
coefficienl ,of.o looded potentiometer, os used in on
onolog computer) is meosured in the some woy, but
with reference voltoge supplied from the l00V termi-

.nol; Tfie riull detector hos sliding sensitivity: Applico-
tion of orfull :100 volts wil l not "peg:" the meter, but
in the immediote region of null o 0.5 microompere
'deyiotion,is eosily detected.

MODET 5OOO WITH STANDARD NAODUTE
Dimensions:83/a x l9 inch ponel  wi th Donner

stondord module.
Weight:  24 pounds {shipping).

.Domest ic pr ice,  $190.00, FOB Fociory.

Technicol specificotions ond prices subiect to chonge without notice.

MODET 5OOO.R RACK-MOUNTED
Dimensions: 83/,  x l9 inch rock-mounled

ponel ,  l2 inches deep.
Weight,  20 pounds (shipping).

^^ 
r^^ 

-Uomest lc pr lce:  S l / ) .UU, rUb rocrory.

SPECIFICATIONS

. BASTC C|RCUIT
Voltoge Across Potentiomeier: .,

'100 volts -t- 0.1%; moy be reodjusted to ony
volue 95-105 vol ts.

Reguloiion,
Less thon 0.05"/.-chonge for l0% line voltoge
shi f t  or  l0 mo output chonge.

Stobil ity:
Within 0.1 "/. in 8 hours, 0.5% in one yeor.

Hum ond Noiset
2 mi l l ivol ts rms, moximum.

Power Reouirement:
115/230 volts,50-]000 cps, l8 wotts.

. PRECISION VOLTAGE SOURCE

Output Ronge:
0 ro - 100 or 0 to * 100 volts,
10 mi l l iomperes moximum.

Lineority,
Within 0.05% ful l -scole volue.

Resolution:
0.01 % full-scole volue.

Source lmpedoncet
5 ohms (0 or 100 volts) to 5000 ohms (50 volts).

. PRECISION COMPARATOR

Input Ronge:
0 to -100 or 0 to *  100 vol ts.

Accurocy:
0.1 7" full-scole volue for source impedonces to
200;000 ohms; 1 o/o to 2 megohms.

Null Detector:
Sliding sensitivity, 0.5 microomper6 resolution.

MODEL sOOO-K WITH COMPTETE
INDIVIDUAT CABINET
Dimensions, 22 wide x l0 high x

I  15 deeo;
Weighi :  26 pounds (shipping).
Domesiic price: $205.00, FOB Foctory.

!rrFq.rN u.s.Ar 
'@ 

tsse'ooNxen sqrENtrFrc co.

. :
:.-  -  i  : : . , ,1 - :

,E{'r ; i.!E+

coNcoFE, eaLrFofNrA



;t: .  
I

October 1957



LINEAR SERVO Atr t rELEROMETERS
STANDARD
VACUUM TUBE MODEI.S

Al l  Donner models (see toble below),
ruggedized ond hermet icol ly seoled,
ore odoptoble to ony occelerot ion
meosur ing problem. They ore bui l t  to
withstond chonges in col ibroi ion or
zero shi f t  resul t ing f rom high over-
loods, ond becouse of  their  servo con-
struct ion they inherent ly hove o fosl
recovery t ime. Donner uni ts ore wel l
sui led to oirborne oppl icot ions such
os telemeter ing,  novigoi ion,  control
ond guidonce systems. ln o iypicol
oppl icot ion,  the Model 4, l43 exercises
o control  funct ion in the inert io l  stobi-
l izot ion of  hel icopters.

MODET 43tO
TRANSISTORIZED
TINEAR SERVO ACCEIEROMETER

o Accurocy-O.]/o of ful l  scole
o Lineority-Less thon 0.05/o deviotion

from best fitted stroight line
. Resolution-Better thon 0.0002% of

ful l  scole
o Weighi-3.2 ounces
. Output-Up to f  B v dc for supply

voltoges of : !  l5 v dc
. Power Requirements-l  50 mil l iwotts

totol input
o Competely portoble - Bottery

operoted

The Donner Model 4310 Precision Lin-
eor Servo Accelerometer is completely
tronsistorized. A subminioture coun-
terport of stondord Donner vocuum
tube models, ihe Model 43,l0 del ivers
t 8 volts o{ outpui ot 0.1}e occurocy.
Ouiout wi l l  dr ive o 0-1 mo recorder
direct ly. Toiol input power require-
menf is :r  l5 volts of unreguloted DC
power ot mil l iwott Ievels. Zero stobi l-
i iy ond l ineority ore enforced by the
self-conloined high goin servo system.
MIL-USN si l icon tronsistors ol low op-
erotion from -40' C. to + l0O' C.
The Model 43]0 is recommended for
meosurement ond control functions in
oirborne,vehiculor,ond ground bosed
o ool icot ions.

sPECIFICATIONs I
MODET

43r0
MODEI.

4112
MODEI

4143
l'^oDEr

4005

Lineority 0.05% 1ole Ful l  Scole
Resolut ion 0.0002% Better thon 0.001%
Reproducibi l i ty 0.1"/" 0.05% 0.1"k o'1o/o
Ro nges r U.Uf,U TO

:t 50.0G
i O. lG to
I  20.0G

i0.5G to
i  10.0G

I 0.1G ro

Outpui, mox. J d VOITS :L 15 volts 145 volts j Jf  votrs

Componion
Power Supply

\ny r  rJvoc
Jnreq. suoply

Model 407]
$250.00

Model 40ZlI
$250.00

Model 405]
$t 75.oo

Mognetic
Shieldinq Yes Yes No Yes

Net Weight 0.2 lbs. 1 .3 lbs. 0.8I bs. ' ] .6 lbs.
Price
(fob foctory) $450.00 $800.00 $490.00 $540.00

MODEI
4143

TEST INSTRUMENTS

MODET 1200
SINE WAVE GENERAIOR
I cps to I mc, plus overlop, in 6:dbcodes.
Less lhon 0.1o/q distortion. 600 ohms con-
stont outpul impedonce. no DC. 6 volts
RMS moximum. 2/6 col ibrot ion occurocy.
0.5o/o stobility. Reguloted power supply.

Model 1200. $265.00

FRINTED IN U S. A

@ - tgsz

MODEr 1500
TOW FREQUENCY GENERATOR
0.01 cps to ' l  kc, plus overlop, in 5 dec-
odes. True sinusoids, less thon 1o/e distor-
t ion. Steep-sided squore woves,5 &sec r ise
t ime. 0-l  ond 0-10 vol is peok, {ul ly me-
tered outpui. ' l le frequency sfqbi l i iy, i  db
ompli tude consioncy.

Model 1500, $365.00
Model 1500R (Rock Mounting), $385.00

MODEL 2IOO
WAVE ANATYZER
30 cps to 50kc coveroge,3o/e col ibrot ion
occurocy. i60 pv to 500 volts RMS ful l-
scole sensit ivi iy. Brood ond norrow crystol
filter selectivities. VTVM reods hormonics
direct ly in percent ond db. Simple opero-
t ion, portobi l i ty, rel iobi l i ty.

Model 2]00, $495.00
Model 2100R (Rock Mountins), $515.00

CONCORD, CAIIFORNIA
Phone MUlberry 2-6161 . Cqble "DONNER"


