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3,152,250 
CIRCUIT FOR PERFORMING TIE CQIt/IBINED 
FUNCTIONS 6F THE EXTRACTIGN 0F 
RGUTS, MULTIFLICATION, AND DIVISION 

George E. Platzer, J12, Birmingham, Mich., assignor to 
Chrysler Corporation, Highland Park, Mich” a corpo 
ration of Delaware 

Filed July 20, 1962, Ser. No. 211,261 
16 Claims. (Cl. 235-193) 

This invention relates generally to analog computers 
and, more particularly, to a circuit for the extraction of 
roots While performing the combined and simultaneous 
functions of multiplication and division. 
The present application is a continuation-in-part of my 

copending US. application Serial No. 164,873, ?led on 
January 8, 1962, entitled “Multiplier Circuit” and of com 
mon ownership herewith. 
There is a need for a simple yet reliable root extracting 

computing circuit for a variety of industrial control ap 
plications such as turbine fuel control, welding input 
power control and in direct analog computer applications. 
A circuit which performs the combined functions of root 
taking, multiplication and division is of particular useful 
ness in these ?elds. 

Accordingly, it is an object of this invention to provide 
an improved analog computing circuit for the extraction 
of roots which is simple with respect both to the compo 
nents required and the operational requirements of the 
circuit. 

It is an additional object of this invention to provide a 
circuit for the extraction of roots which is made tempera 
ture stable by the incorporation of a minimum but pre 
cisely determined number of temperature compensating 
elements. 

It is a further object of this invention to provide an 
improved circuit for performing simultaneous root ex 
tracting, multiplication and division. 

It is a still further object of this invention to provide 
a circuit for performing simultaneous root taking, multi 
plication and division in which the components utilized are 
so constituted and so connected that they have substan 
tially identical exponential, current-voltage characteristics 
in operation to provide a high degree of accuracy in com 
putation. 
The foregoing statements are merely illustrative of the 

various aims and objects of the present invention. Addi 
tional objects and advantages will become apparent from 
the following speci?cation when considered in conjunction 
with the accompanying drawings, in which- 
FIGURE 1 is a graph plotted on semi-logarithmic co 

ordinates showing the diode and transistor current-voltage 
characteristics; 
FIGURE 1A is a schematic of a diode from which is 

derived its forward current-voltage characteristics as 
shown in line 1a of the graph of FIGURE 1; 
FIGURE 1B is a schematic of a basic transistor circuit 

from which is derived its collector current versus emitter 
base voltage characteristic as shown in line 1b of the graph 
of FIGURE 1; 
FIGURE 1C is a schematic of a transistor having base 

and collector connected together from which is derived 
its emitter current versus emitter-base voltage character 
istic as shown in line 1d of the graph of FIGURE 1; 
FIGURE 1]) is a schematic of a second transistor cir— 

cuit with its collector circuit open from which is derived 
its emitter current versus emitter-base voltage character 
istic as shown in line 1d of the graph of FIGURE 1; 
FIGURE 2 is a schematic of the basic multiplying cir 

cuit employing two input diodes and one transistor; 
FIGURE 3 is a schematic of the multiplying circuit of 

FIGURE 2 modi?ed to prevent temperature drift inac 
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2 
curacies, equalize current densities, and to provide com 
pensation for collector saturation current in the output 
circuit; 
FIGURE 4 is a schematic of a modi?cation of the basic 

multiplying circuit of FIGURE 2 with transistors utilized 
as input or logarithmic translating devices in place of 
diodes; 
FIGURE 5 is a schematic of a four quadrant multiply 

ing circuit; 
FIGURE 6 is a schematic showing the circuit of FIG 

URE 2 modi?ed to provide for the root extraction proc 
ess; 
FIGURE 6A shows a modi?cation of the circuit of 

FIGURE 6 to provide fractional root taking; 
FIGURE 7 shows a modi?cation of the circuit of FIG 

URE 6; and 
FIGURE 8 shows a circuit operable to perform the 

combined operations of root taking, multiplication and 
division. 
The invention, as herein illustrated among the several 

embodiments in the drawings, utilizes diodes and transis 
tors with substantially the same exponential character 
istics which operate entirely in the logarithmic domm'n, 
i.e. as logarithmic translating devices. It will be appre 
ciated by those skilled in the art that the invention is not 
necessarily limited to solid state devices but may be 
practiced with other types of switching devices such as, 
for example, with variable-mu tubes which produce a 
plate current proportional to the logarithm of the grid 
input voltage within a limited range of the input voltages. 
Similarly, by operating a variable-mu tube with the input 
voltage applied to the plate and current withdrawn at the 
grid, the output current is proportional to the antilogarithm 
of the voltage input to the plate. 
The principle of operation of the circuits of the present 

invention is best explained with reference to the graph of 
FIGURE 1 which shows the current-voltage characteristics 
of a silicon FD 200 diode ‘and a 2N1711 junction transis 
tor. Under optimum conditions and to give perfect ac 
curacy the lines 1a and 1b should be straight ‘and parallel 
in slope. It is well known that semi-conductor junction 
diodes have the current-voltage characteristic as exhibited 
by diode 10 in FIGURE 1A and shown by line 1a in 
FIGURE 1 and as theoretically described by the following 
equation: 

‘1’ QY I=Is(ekT—1)=I5ekT 
wherein 
Is=diode saturation current (amperes), 
q=electron charge (coulombs), 
Vzdiode voltage (volts), 
k=Boltzmann’s constant, and 
T =temperature. 
The above approximation is quite good when V is 

greater than about 0.1 volt. 
The saturation or reverse current of the diode is itself 

temperature dependent and is of the form 

(Equation 1) 

wherein 
Is0=saturation and at T0 
EG=energy gap of the material 

The exponential form of the approximation in Equa 
tion 1 indicates its use in the multiplication process. Tak 
ing the natural logarithm of both sides of Equation 1 
shows that 

q I (Equation 3) 
El 
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Therefore, it may be seen that the voltage across a 
diode is proportional to the logarithm of the current 
through it. If two semiconductor diodes are connected 
in series in the manner shown hereinafter in FIGURE 2, 
the sum of the voltages is proportional to the logarithm 
of the product of the two current inputs and we have 
the basic elements of a multiplying circuit in which 

wherein the subscripts relate to the ?rst or second diodes 
connected in series. 

It will then be apparent that the product of 11x12 
can be determined by simply taking the antilogarithm of 
V1+V2 in Equation 4 so that V 

111921811526 kT (Equation 5) 

The limitations for the antilogarithmic translating de 
vice are that it must have the same exponential character 
istic as the diodes and it must not appreciably disturb 
the signal currents ?owing in the diodes. A junction tran 
sistor ?lls this requirement since its emitter-base diode has 
the same type of exponential characteristicas any other 
junction diode. Furthermore, the base current can be 
made a small fraction of the current ?owing into the 
two input diodes. 
FIGURE 2 shows a simple multiplying circuit utilizing 

a pair of input diodes 10a, 10b, and a transistor 14 having 
a base, 14b, a collector, 14c, and an emitter, 14e. The 
emitter-base diode of transistor 14 has a voltage-current 
characteristic like Equation 1 and may be expressed as 
follows: 

qvEB 
IE=ISEeW (Equation 6) 

Since VEB=V1+V2 according to the con?guration of the 
circuit of FIGURE 2 it follows from Equations 6 and 5 
that, 

-— II 
Is1Is2 12 (Equation 7) 

Equation 7 shows that the emitter current of the transistor 
14 is proportional to the input diode current products. 
If the collector cut-off current is low and the current gain 
hfb is nearly unity, this is also true of the collector current 
since 

IC:hfblE+IC0 (Equation 9) 
wherein 
hfb=common base forward current gain 
IC0=collector saturation current. 

Thus the actual output current may be taken from the 
collector 140 or an output voltage may be taken from the 
collector load resistor 16. The circuit of FIGURE 2 
is operative to perform the multiplication process but its 
accuracy is not high enough for many applications and 
the circuit is also subject to temperature drift. 
FIGURE 3 shows the circuit of FIGURE 2 modi?ed 

to eliminate the two principal sources of error present 
therein. Temperature drift could be anticipated because 
the saturation currents ISE, I31, and 152 in Equation 7 
are all of the form shown in Equation 2. With one more 
temperature dependent quantity in the denominator than 
in the numerator, drift may be expected. Otherwise 
stated, the proportionality between IE and the product 
11x12 changes with temperature. The accuracy of the 
circuit of FIGURE 2 is also adversely affected by the fact 
that Equation 1 is true only over. a limited range. At 
high current values, the internal series resistance is a factor 
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4 
and the exponent is double that shown in Equation 1, 
that is, 

I=Ise 21% (Equation 8) 
These sources of error are largely eliminated by the in 
clusion in the circuit of a third diode 18 with its DC. 
current supply and limiting resistor 20. Diode 18 and 
its associated current supply are utilized to buck out part 
of the voltage supplied by the input diodes 10a and 16b. 
Equation 6 for the emitter base diode of the transistor 
now becomes 

I112 

Since 

and 

by substitution we derive the equation 

Equation 10 shows that variations of the saturation cur 
rents with temperature are now balanced and essentially 
cancelled out with two each ,in the numerator and de 
nominator. Since FIGURE 3 also shows a resistor 17 in 
the emitter circuit and a current source 19 supplying a 
current through resistor 16 ?owing in a direction opposite 
to the collector current. Thefunction of emitter resistor 
17 is to modify the shape of curve 1b of the transistor 
characteristic in FIGURE 1 to make it more nearly 
match that of the diode 1a. The purpose of the current 
source is to supply a current through the load resistor 
which is equal in magnitude but of opposite direction to 
the collector cut-o?? current. Resistor 16a in the current 
source circuit must be temperature sensitive and have 
characteristics such that its current is always equal to the 
temperature sensitive collector cut-oft‘ current. It will be 
seen that by the circuit of FIGURE 3, I have provided a 
multiplying circuit which is workable within practical op 
eration limits to accomplish the multiplication process. 
An accuracy within the limits of approximately 2% is 
possible with this circuit even in the absence of a perfect 
match of the transistor 14 to the diodes 10a and 10b as 
is illustrated by the current conducting characteristics 
shown in FIGURE 1. 
The compensating diode .18 could be replaced by a re 

sistor and temperature sensitive means to maintain the 
voltage across the resistor in such a manner so to simulate 
diode 18. In an isothermal environment, the tempera 
ture sensitive means could even be eliminated. 
FIGURE 4 shows a circuit employing transistors 22 

and 23 as the input or logarithmic translating devices of 
the circuit. Transistor 24 is included in the circuit to 
minimize the effect of temperature drift and high cur 
rents in the same manner in which diode 18 functions in 
the circuit of FIGURE 3. The collectors 22c and 230 
of each of the aforementioned transistors are connected 
back to their bases 22b and 23b, respectively. The result 
of the coupling arrangement is to much improve the 
match between the current-voltage characteristics of the 
input elements 22 and 23 and those of the output or anti 
logan'thmic translating transistor 14 as indicated by the 
line 1b and 1c of FIGURE 1. The circuit of FIGURE 4 
yielded much improved accuracies of the order of .25 %. 

(Equation 10) 
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FIGURE 5 shows a four quadrant multiplying circuit 
which is formed by essentially combining two multiplying 
circuits of the type shown and described in connection 
with FIGURE 3, hereinbefore, and operating with an ini 
tial bias on each of the multiplying circuits. A four 
quadrant multiplier is desirable in some applications since 
it is capable of accepting positive and negative factors 
and of producing positive and negative products there 
from. An initial bias IE1 and IE2 is applied over each of 
the input terminals to input diodes 10a, 10b, 10a’, and 
10b’. The same signal voltages or currents I1 and 12 are 
sent to the input diodes of each multiplier but the polari 
ties of the signals are reversed in the manner illustrated 
by FIGURE 5. Load resistor 16 is common to both 
transistors 14 and 14’. In operation, one multiplier pro 
duces a current in load resistor 22 of 

(Equation 11) 
wherein 

IB1=bias current in diode 10a, 
IBZ=-bias current in diode 10b, 
I1=signal current in diode 10a, and 
l2=signal current in diode 10b. 

The other multiplier produces a current of 

(I'm-11') (1'B2—I2') =I'B11'B2—1'1I'B2—1'21'B1+1'112' 
(Equation 12) 

Since load resistor 16 is common to both transistors 14 
and 14', Equations ll and 12 may be added and the load 
current may be expressed as 

The above relationship holds true so long as all bias cur 
rents IE1, IE2, 1'31, and 1'32 are equal. The product of 
the 13.0. bias 1B1, IE2 is a constant which may be sub 
tracted from the output. 

This may be accomplished by means of resistors 22 and 
21 to form a voltage cancelling network and with the out 
put voltage taken across E. Alternately, a current can 
celling network could be formed with a resistor and an 
other voltage supply to supply a current through resistor 
16 which is equal in magnitude to 2131132 but of opposite 
direction. In the latter case, the output would appear 
across resistor 16. In both cases, the output voltage would 
be representative of the product of the input currents to 
the multiplier regardless of their polarity. While the four 
quadrant multiplying circuit of FIGURE 5 is combined 
from two multiplying circuits substantially similar to the ' 
one shown in FIGURE 3, it will be appreciated that two 
multiplying circuits as shown in FIGURE 4 may similarly 
be incorporated in a four quadrant multiplier. 
The ability to perform division is another function of 

the basic circuit as shown in FIGURE 3. If 13 is a variable 
signal current and I2 is made a constant current, it will be 
seen that IE or IQ of the transistor 14 is proportional to 
11/12. This is best illustrated by the rearrangement of 
terms in Equation 10 as follows: 

I :1 E0121 s2 A 
E 1331s. 13 

It will thus be seen that I have provided an analog 
multiplying circuit which is readily converted into a 
divider circuit by the interchange of variable signal cur 
rent and constant current. By making I1, I2, and I3 all 
variable currents, the circuits of FIGURES 3 and 4 will 
perform the combined function of multiplication and 
division. 
By modifying the basic circuit of FIGURE 2, but still 

employing the principle of using the exponential charac— 
acteristics of diodes or transistors for computation, a cir 
cuit which will extract roots can be constructed. An ex 
ample of such a circuit is shown in FIGURE 6. In FIG 
URE 2, two diodes and a transistor were used to produce 
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6 
an output current in the transistor which will be propor 
tional to the product of the signal currents in the diodes 
19a and 1%. By the simple expedient of placing a diode 
60 in the emitter circuit of the transistor 14, as shown in 
FIGURE 6, the output current becomes proportional to 
the square root of the product of the input currents. That 
this is true can be shown by the following development. 
Writing Kirchoff’s Law around the emitter-base loop, and 
with V3 representing the voltage drop across diode 60: 

V33: V1 + V2-— V3 (Equation Substituting in Equation 6 

From Equation 1 it is seen that each oi the exponential 
terms is the ratio of the diode current to its saturation 
current. Hence, 

I1 12 Iss 

If it is assumed that diode 6% has characteristics identical 
to the output transistor 15, 

(Equation 16) 

Isn Iss 
2 __ 

IE Isl 1.821112 
Lumping the constants and taking the root, 

IPA/E (Equation 18) 
Note that the saturation currents in Equation 17 are bal 
anced in numerator and denominator. In this case, no 
temperature compensation is required. 
FIGURE 6a shows a modi?cation of the circuit of 

FIGURE 6 which provides for selecting fractional root 
taking. This is accomplished by shunting a variable re 
sistor such as that of potentiometer 62 across root taking 
diode 6%. As has been explained in connection with FIG 
URE 6, the incorporation of a diode 641 permits square 
root taking. By the simple expedient of moving the slider 
of potentiometer 62 between its left and right hand limits, 
fractional roots intermediate the one-half power and the 
?rst power may be extracted. 

It may be desirable to have a temperature invariant 
voltage source in the series loop to adjust the output cur 
rent to a desired level. For example, if 11 and I2 are both 
set for full scale at one milliampere, the collector current 
in the output transistor 14 will be one milliampere only 
if all four of the devices have exactly identical charac 
teristics. Because of manufacturing variations, this will 
not usually be the case, and small differences Will exist. 
If it is desirable, for example, to set the output current 
to one milliampere when each of the inputs is one milli 
ampere, it will be necessary to use a voltage source in the 
emitter-base series loop. FEGURE 7 shows such a circuit 
in which this voltage source is a simple resistive voltage di 
vider including resistors 79 and 72 and battery 74. The 
placement of battery 74 is such that the emitter current 
does not ?ow through it, and the divider current is large 
compared to the base current. 
FIGURE 8 shows a circuit using the exponential char 

acteristics of its components to multiply, divide, and ex 
tract roots. The generalized form of the equations which 

(Equation 17) 

can be solved by such a circuit is: 
1 

_ X1X2 . . . Xm ? . 

Z— ——————Y1Y2 . . _ Ya) (Equation 19) 
Where 

X1, X2 . . . Xm are multiplying factors; 
Y1, Y2 . . . Yn are dividing factors; and 
r is the order of the root to be taken. 

A generalized form of circuit for solving Equation 19 
can be speci?ed. If m is the number of multiplying fac 
tors, there must be m logarithmic translating devices 
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connected in such a way as to increase conduction in 
the output transistor when the signal current increases. 
If n is the number of dividing factors, there must be n 
logarithmic translating devices connected in such a way 
as to decrease conduction in the output transistor when 

1X1 1X2 
Ixsl Ixs2 IE:IES 

the signal current increases. If r is the order of the root 
to be taken, there must be (r-l) logarithmic translating 

9 

IYSI - Ive? 

250 
8 . 

Again, from Equation 1 it is seen that each of the ex 
ponetial terms is the ratio of the diode current to its 
saturation current. Note particularly the effect of the 
sign of the exponent in inverting the ratio upon substi 
tution. Hence, 

1 

. . . . 10a]? IYn Iss1 Icsz Icsq 
(Equation 23) 

Grouping the constant current terms, 

IE=IEJ 

devices in the emitter circuit of the output transistor con 
nected in such a manner that the emitter current flows 
in the forward direction for those devices. The number 
of compensating diodes or transistors required for tem 
perature stabilization will be equal to (n+r-m). If 
this sum is positive, the compensators are to be con 
nected with the same polarity as the multipliers. If the 
sum is negative, they are connected as dividers. The 
magnitude of the constant current through the compen 
sators is made su?icient to assure that the active ele 
ments are working in their logarithmic range and at the 
desired current level. If the number of temperature com 
pensating elements is zero, it may be desirable to insert 
in their place a temperature invariant voltage source to 
set a desired level of output current after the manner 
shown in FIGURE 7, hereinbefore. The polarity of the 
voltage source will be a function of the desired output 
current and the variations existing among the active 
elements. Such a generalized circuit in combined sche 
matic-diagrammatic form is shown in FIGURE 8. Di— 
odes ICE-10m represent multiplier input diodes. Diodes 
10171-10“, represent divider input diodes and diodes 
60R1-60Rp represent root taking diodes connected in the 
emitter of transistor 14. Compensating diodes are con 
nected in the manner illustrated and identi?ed by the 
numerals l8cl—l8cq. 
That the circuit of FIGURE 8 will perform the func 

tion indicated in Equation 19 can easily be shown. Again 
writing Kirchoii’s law around the emitter-base loop of 
transistor 14: 

(Equation 20) 
Where 

Vx=voltage across a multiplying element 
m=number of multiplying factors 
VY=voltage across a diving element 
n=number of dividing factors 
VR=voltage across a root taking elment 
p=number of root elements:r—l 
Vc=voltage across a compensating elment 
q=number of compensating elements 

If it is assumed that the output transistor 14 and root 
extracting diodes are substantially identical, in their ex‘ 
ponetial, current-voltage characteristics, Equation 20 may 
be re-written as: 

VyniVcliI/cz . . - iVQq 

(Equation 21) 
Substituting Equation 21 in Equation 6, and noting the 
(p+1)=r, the order of the root, 

25 
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. . . IYSn'IG1'IC2 . - . ICq 11‘ IX1.IX2 - . . IXm]r 
. . . IX5m-ICs1.Icsg . - . ICSQ IYPIYZ . . . IY'n 

(Equation 24) 
Where 
IX is a multiplying factor signal current 
Ixs is a multiplying element saturation current 
IY is a dividing factor signal current 
IYS is a dividing element saturation current 
IC is a compensating element constant current 
ICS is a compensating element saturation current, and 
Vc’s have arbitrarily been taken positive. 

Lumping constants, 
1 

' km} (Equation 25) 
lyilyz . . . 

Hence, the circuit of FIGURE 8 is seen to yield an output 
current of the form of Equation 19. 

In Equation 24 the ?rst term is seen to contain all of 
the constants, i.e., the saturation currents and the com 
pensating element bias currents. The saturation currents 
must appear an equal number of times in both numerator 
and denominator to achieve temperature stability. The 
number of saturation currents appearing in the numera 
tor due to the computing elements is r+n. In the denom 
inator, the number is m. It can be seen that the number 
of saturation currents, q, provided by the compensating 
elements must be r-l-n-m. 

q=r+n—m ' 

(Equation 26) 
Furthermore, it can be seen that if q is a positive num 

her, the compensating saturation currents must appear in 
the denominator. This means they must be connected 
with their polarity the same as that of the multiplier 
factors. If q is negative they must be connected with 
their polarity the same as that of the dividing factors. 
The modi?cation suggested in connection with FIG 

URE 6A is likewise applicable to the circuit of FIGURE 8. 
It should be noted that, in the event of the incorporation 
of a plurality of root taking diodes 60 in the circuit the 
shunt resistor would be mounted across only one of 
the root taking diodes. This modi?cation permits selec 
tive adjustment to take fractional powers over interme 
diate ranges. 

It will thus be seen that I have provided a novel cir 
cuit for simultaneous performance of the combined func 
tions of multiplication, division and root taking. While 
the circuits of FIGURES 6-8 employ semiconductor 
diodes as the multiplying, dividing or compensating ele 
ments, substitution may be made of transistors, each hav 
ing its collector coupled to its base, for these elements. 
The advantages and manner of such an alternate embodi 
ment has been thoroughly explained and illustrated here 
inbefore in connection with FIGURES 3 and 4. When 
used in this manner, the input current flows into the base 

(Equation 22) 
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collector terminal and out the emitter terminal for an 
NPN transistor. 

The foregoing disclosure and showings made in the 
drawings are merely illustrative of the principles of this 
invention. It will be appreciated by those skilled in the 
art that this invention may be subject to modi?cations in 
its details through substitution of other types of elec 
tronic or electrical devices for the logarithmic and anti 
logarithmic translating devices indicated, and that this 
invention may be further modi?ed in the organization 
of its details, all Without departure from the spirit and 
scope of this invention. 

I claim: 
1. A circuit for extracting the desired root of a quantity 

represented by a current input comprising a ?rst logarith 
mic translating device for producing a voltage output 
proportional to the logarithm of its current input, an 
antilogarithrnic translating device connected to the output 
of said ?rst logarithmic translating device for producing 
a current output proportional to the antilogarithm of the 
output of said ?rst logarithmic translating device, and at 
least one root determining logarithmic translating device 
connected in the output circuit of said antilogarithmic 
translating device and operatively connected to said ?rst 
logarithmic translating device, the number of said root 
determining devices being equal in number to the root 
desired less one, all the aforesaid translating devices hav 
ing substantially the same exponential, current-voltage 
characteristics. 

2. The combination as set forth in claim 1 wherein 
said logarithmic translating devices comprise semicon 
ductor diodes and said antilogarithmic translating device 
comprises a transistor. 

3. The combination as set forth in claim 2 wherein 
said ?rst logarithmic translating diode and said root 
determining diodes are connected in series across the 
emitter base diode of said transistor, said ?rst logarithmic 
translating diode being oppositely poled from said root 
determining diodes. 

4. The combination as set forth in claim 1 wherein 
said logarithmic translating devices comprise transistors, 
each having its collector coupled to its base. 

5. A circuit for extracting the root of a product of 
quantities represented by current inputs comprising a plu 
rality of logarithmic translating devices for producing a 
voltage output proportional to the logarithm of the cur 
rent inputs thereto and being similarly poled and coupled 
in series, an antilogarithmic translating device operatively 
connected to the combined outputs of said plurality of 
logarithmic translating devices, and at least one root 
determining logarithmic translating device connected in 
the output circuit of said antilogarithmic translating de 
vice and operatively connected to said logarithmic trans 
lating devices to provide a current output proportional to 
the desired root of the product of the current inputs, the 
number of said root determining devices being equal to 
the root desired minus one, all the aforesaid translating 
devices having substantially the same exponential, cnr-= 
rent-voltage characteristics. 

6. The combination as set forth in claim 5 in which 
said logarithmic translating devices comprise semicon 
ductor diodes and said antilogarithmic translating device 
comprises a transistor. 

7. The combination as set forth in claim 6 wherein said 
root determining diodes are oppositely poled to said ?rst 
plurality of diodes and connected in series therewith 
across the base emitter diode of said transistor. 

8. The combination as set forth in claim 7 wherein a 
voltage source is included in the emitter base loop where 
by the output current is set at a predetermined level rela 
tive to a given input current. 

9. The combination as set forth in claim 5 in which 
said logarithmic translating devices comprise transistors, 
each having its collector coupled to its base. 

10. The combination as set forth in claim 5 wherein 
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10 
a variable resistor is connected in shunt with one of said 
root determining logarithmic translating devices for com 
putation of a fractional root. 

11. The combination as set forth in claim 5 wherein 
a means is included for calibrating the output current 
relative to the input current. 

12. A circuit for combined multiplication, division and 
extraction of roots of quantities represented by current 
inputs comprising a plurality of multiplying and dividing 
means of the logarithmic translating type connected in 
series, said multiplying means having one polarity and 
said dividing means having the opposite polarity, a plu 
rality of root taking means of the logarithmic translat 
ing type connected in series with the aforesaid multiply 
ing and dividing means, the number of said root taking 
means being equal to one less than the order of the root 
to be taken and an antilogarithmic translating device hav 
ing said multiplying and dividing means connected in its 
input circuit and said root taking means mutually con 
nected in its input and output circuits and poled to pass 
an output current proportional to the desired root of the 
combined products and quotients of the input currents 
applied to said multiplying and dividing means. 

13. The combination as set forth in claim 12 wherein 
a variable resistor is connected in shunt with one of said 
root determining logarithmic translating devices for com 
putation of an intermediate fractional root. 

14. A circuit for combined multiplication, division and 
extraction of roots of quantities represented by current 
inputs comprising a plurality of multiplying and dividing 
means of the logarithmic translating type connetced in 
series, said multiplying means having one polarity and 
said dividing means having the opposite polarity, a num 
ber of temperature compensating means of the logarith 
mic translating type conneoted in series with said multi 
plying and divi ing means, the number of said compen 
sating means being equal to the sum of the number of 
said dividing means plus the order of the root to be taken 
minus the number of multiplying means, the polarity of 
said compensating means connection being determined by 
the sign of the sum, said compensating means being con 
nected with the polarity of the multiplying means if the 
sum is a positive number and with the polarity of the di 
viding means if the sign of the sum is negative, a plurality 
of root taking means of the logarithmic translating type 
connected in series With the aforesaid multiplying, di— 
viding and compensating means, the number of said root 
taking means being equal to one less than the order of the 
root to be taken, and an output means of the antiloga 
rithmic translating type operatively connected to all the 
aforesaid means and operable to produce a current output 
proportional to the root taken of the combined products 
and quotients of the input currents. 

15. A circuit for combined multiplication, division, and 
extraction of roots of quantities represented .by current 
inputs comprising a plurality of multiplying and dividing 
input diodes connected in series, said multiplying diodes 
having one polarity and said dividing diodes having the 
opposite polarity, a number or" compensating diodes con 
nected in series with said multiplying and dividing diodes, 
said number of compensating diodes being equal to the 
sum of the number of dividing diodes plus the order of 
the root to be taken minus the number of multiplying 
diodes, the polarity of the compensating diode connection 
being determined by the sign of the sum, said compensat 
ing diodes being connected with polarity of the multiply 
ing diodes if the sum is a positive number and with the 
polarity of the dividing diodes if the sign of the sum is 
negative, a number of root taking diodes connected in 
series with the aforesaid multiplying, dividing, and com 
pensating diodes, said number of root taking diodes being 
equal to one less than the order of the root to be taken, 
and an output transistor having its base and emitter con 
nected across all of the aforesaid diodes, said root taking 
diodes being connected in the emitter circuit of said out 
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put transistor and of polarity to pass the output tran 
sistor emitter current, said output transistor operable to 
produce through its collector a current proportional to 
the root of the combined products and quotients of the 
input currents ?owing in said multiplying and dividing 
diodes. 

16. A circuit for combined multiplication, division, 
and extraction of roots of quantities represented by cur 
rent inputs comprising a plurality of multiplying and di 
viding input transistors, each having its collector con 
nected to its base, said input transistors connected in 
series, said multiplying transistors having one polarity and 
said dividing transistors having an opposite polarity, a 
number of compensating transistors, each having its base 
connected to its collector and connected in series With said 
multiplying and dividing transistors, said number of com 
pensating transistors being equal to the sum of the num 
ber of dividing transistors plus the order of the root to be 
taken minus the number of multiplying transistors, the 
polarity of the compensating transistor connection being 20 
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determined by the sign of the sum, the compensating tran 
sistors being connected with the polarity of the multiply 
ing transistors if the sum is a positive number and with 
the polarity of the dividing transistors if the sign of the 
sum is negative, 21 number of root taking transistors, each 
having its base connected to its collector and connected 
in series with the aforesaid multiplying, dividing, and 
compensating transistors, said number of root taking tran 
sistors being equal to one less than the order of the root 
to be taken, and an output transistor having its base and 
emitter connected across all of the‘ aforesaid transistors, 
said root taking transistors being connected in the emitter 
circuit in said output transistor and of polarity to pass the 
output transistor emitter current, said output transistor 
operable to produce through its collector a current pro 
portional to the root of the combined products and 
quotients of the input currents flowing in the multiplying 
and dividing transistors. 

No references cited. 


