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The invention described herein may be manu 
factured and used by or for the Government for 
governmental purposes, without the payment to 
me of any royalty thereon. 
My present invention has to do with resistance 

networks. More particularly, it relates to a de 
vice for adjusting electrical resistance whereby 
a voltage is varied in accordance with a predeter 
mined non-linear mathematical curve. 
It is the main object of my present invention 

to provide a device of the general character in 
dicated wherein a variation of resistance and, 
therefore, a variation in voltage is made Substan 
tially smooth and continuous to closely approxi 
mate the exponential charging rate of a capaci 
tance. 
While not limited thereto, my present inven 

tion is admirably adapted to controlling the op 
eration of a range-determining device. 
In the accompanying specification I describe 

and in the annexed drawing show an illustrative 
embodiment of the resistance network of the 
present invention, 
In said drawing, the single figure is a schematic 

diagram of a resistance network assembled in 
accordance with the principles of the present 
invention. 

Referring now more in detail to the present 
invention, with particular reference to the draw 
ing illustrating a preferred embodiment thereof, 
the reference character R generally designates a 
group of series-connected resistors R1, R2, R3, R4, 
. . . Rn. Associated with said resistors are con 
tacts Ro, Ra, Rb, Re, Rd, . . . Rim, and selectively 
engageable with said contacts is an adjustable 
arm O. 
The resistor Ri is connected to one terminal of 

a source of voltage E. and the arm O is connected, 
through a fixed high resistance Rs, to the other 
terminal of said source of voltage. 
The value of each resistor R1,R2, R3, R4, . . . Rin 

is such that the voltage drop across the total 
resistance of the combination of resistors respec 
tively corresponding to each of the contacts Ro, 
Ra, Rb, Re, Rd, . . . Rim, is an exponential function 
of the number of resistors in each Such Con 
bination. 
Adjacent the group R of resistors, I provide a 

second group R' of series-connected resistors 
R1, R2, R's, R'4, . . . R'n and associated con 
tacts R'o, Ra, Rb, Re, Rd, ...R.'m. The resistor 
R’ is connected to a second adjustable arm P 
selectively engageable with the contacts Ro, Ra, 
Rb, Re, Rd, . . . Rm; and selectively engageable 
with any of the contacts R'o, Ra, R'b, R'c, R'd, 
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. . . R'm is a third adjustable arm Q, the oppo 
Site end of which is connected with the adjustable 
arm O. The value of each resistor R1, R'2, R3, 
R'4, . . . R'n is such that the equivalent resist 
ance and, therefore, the voltage drop across the 
parallel combination of selected resistors R1, R2, 
R’3, R'4, . . . R'n and any selected resistor of the 
group R is an approximately linear function of 
the number of resistors of the group R.' entering 
into the combination. 
The output voltage of the network, designated 

in the drawing as Eo, is between the contact Ro 
and the meeting point of the adjustable arms O 
and Q. 

I shall now describe a specific procedure for 
determining the values of the various resistors 
above referred to, 
The potential across a resistance-capacitance 

combination builds up in accordance with the 
formula: 

Where A and B are constants depending upon any 
Selected resistance and capacitance for the cir 
cuit under consideration and T is time measured 
from the instant of application of the potential E. 
Now the group R, of resistors is divided into n. 

Sections such that 

(2) v-Ar?. -P(E)) s er() 
for integral values of k up to and including n; 
and W' is the output voltage across a selected 
number of resistors of the group R, excluding the 
effect of the parallel group R', and k is said se 
lected number of resistors. 
From Ohm's law, 

(3) E= I (R,--S) and V=IS 
where Sk is the value of the selected number of 
resistors of the group R. Therefore, 

V' S. 
(4) ER,+S, 
and, inasmuch as from (2), 

y k 
=F () 

(5) F(E)-bis, 
Solving for Sk, we find 

(6) 
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The value of each resistor R1,R2, R3, R4, . . 
can be determined from the formula: 
(7) R=S-S-1 
Substituting therein for Sk and Sk-1, We have 

F(.) F(n) 
1-F(E) 1-F(.) 

and substituting still further, for 

F() and F(t) 
and simplifying, We have 
(9) R= 

-P(i) -P(...) 
" (, ()) (-(F) 

where k takes on Values from 0 to 7. 
Thus, having selected values for A, B, and Rs 

for the group R, comprising n sections of resistors, 
we can immediately determine from Equation 9 
the value of each of said resistors. 
The procedure for calculating the values of the 

resistors R1, R2, R3, R.'4, . . . R'n, of the group 
R’ is as follows: 
The group R' consists of m sections, not neces 

sarily the same number as included in the group 
R, having values such that the equivalent resist 
ance across the parallel combination of Rk and 
S'h is given as 

. Rn 

(8) R. t Rs. 

h 
(10) P =R 
where Sh is the total value of the first h resistors 
of the in resistors of the group R', h varies from 
0 to n and R is the average value of the above 
defined Rk. Therefore, by applying the law of 
parallel circuits, We have 

, 1 
(11) St. Rh 

Solving for Sh we obtain 
R. 

(12) S' = - 
The value of each resistor R1, R'2, R3, R. 4, . . . 

R’n can be determined from the formula: 
(13) Rh=Sh-Sh-1 
Substituting therein for S'h and Sh-1, and Sim 
plifying, we have 

'.-- R - 
(n-h) (n-h-1) 

Thus, knowing the average value R and the 
number of sections in of the group R, We can 
determine the value of each of the resistol's R'h. 
From Ohm's law, 

(15) E= I (S-1--P) and E= I (R,-- S-1-- P.) 
Eliminating I, we obtain as a final expression of 
the voltage output of the entire netWork, 

E. (S-1-- P.) 
(R,-- S-1-- P.) 

I shall now describe the mode of operation of 
the resistance netWork of the present invention. 
I will assume, as shown in the dra Wing, that the 
arms O and P respectively engage the contacts 
Rc and Rb, the arm. Q engages the contact Rd 

(14) R 
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4 
and that it is desired to decrease the output volt 
age Eo. First, the arm Q is moved through Re 
tOWard R.'0. The result is a progressive decrease 
in Said output voltage. ASSuming that the arm 
Q has reached the contact R.'o and it is desired 
to further reduce the output, the arms O and P 
are moved toward the contact Ro in such a man 
ner that the arm O is engaged With the contact 
Rb before the arm P is disengaged therefrom. 
This movement is continued until the arm P is 
disengaged. At this time the arm. Q is moved so 
aS to engage the contact R.'m and the arm P is 
rinoved into engagement With the contact Ra. 
During all of these movements the arm O re 
mains engaged With the contact Rib and no change 
occurs in the output voltage Eo. Now the arm Q 
can be moved toward R.'o as previously described 
in order to decrease the output voltage E0. The 
entire procedure outlined can be continued until 
the desired reduction in the output has been 
attailed. 
To increase the Output WOitage Eo all Of the 

foregoing movements are reversed. 
This connpletes the description of the present 

invention and it, Will be noted that I have provided 
a. Simple l'esistance network whereby a voltage 
drop can be varied substantially smoothly and 
continuously SO as to closely approximate a non 
linear mathematical curve, such as the exponen 
tial curve of a charging capacitance. 
Other objects and advantages of the present 

invention Will readily occur to those skilled in the 
art to Which the same relates. 
I claim: 
1. In a resistance network, a first group of 

resistors each having a value such that the total 
resistance of Selected combinations thereof is 
a given non-linear function of the number of 
resistors comprising each such combination, and 
a Second group of resistors each having a value 
Such that the equivalent resistance of a parallel 
combination of selected resistors of said second 
group and any Selected resistor of said first group 
is an approximately linear function of the num 
ber of resistors of Said Second group entering into 
Said parallel combination. 

2. In a resistance network, a first group of re 
sistors each having a value such that the total 
resistance of Selected combinations thereof is 
an eXponential function of the number of re 
Sistors comprising each Such combination, and a 
Second group of resistors each having a value 
Such that the equivalent resistance of a parallel 
Combination of selected resistors of said second 
group and any Selected resistor of said first group 
is an approximately linear function of the num 
ber of resistors of said second group entering into 
Said parallel combination. 

3. In a resistance network, a first group of re 
Sistors each having a value such that the total 
resistance of Selected combinations thereof is a 
given non-linear function of the number of re 
Sistors comprising each such combination, and a 
Second group of resistors connected in series each 
of Whose value is given by the expression 

Rn 
(n-h) (n-h-1) 

Where R is the average value of the resistors of 
Said first group, n is the number of resistors in 
Said. Second group, and h is the number of the 
resistor of said second group whose value is being 
determined. 

4. In a resistance network, a first group of 
resistors each having a value such that the total 
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resistance of selected combinations thereof is an 
exponential function of the number of resistors 
comprising each such combination, and a second 
group of resistors connected in series each of 
whose value is given by the expression 

Rn 
(n-h) (n-h-1) 

Where R is the average value of the resistors of 
Said first group, n is the number of resistors in 
Said Second group, and h is the number of the re 
sistor of Said second group whose value is being 
determined. 

5. In a resistance network, a first group of 
Series-connected resistors each of whose value is 
given by the expression 

k-1 -P(...) AR - "G) 1-. "F) 
1-A(1, (f)) ( -P(t)) 

where A, B, and Rs are constants of the network, 
n is the number of resistors in Said first group, 
and k is the number of the resistor whose value 
is being determined, and a second group of re 
sistors connected in series each of whose value is given by the expression 

- - 
an (n-h) (n-h--1) 

Where R is the average value of the resistors of 
said first group, n is the number of resistors in 
said second group, and h is the number of the 
resistor of said second group whose value is 
being determined. 
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6. In a resistance network, a first group of 
series-Connected resistors each of whose value is 
given by the expression 

k-1 -B(...) 

where A, B, and Rs are constants of the network, 
n is the number of resistors in said first group, 
and k is the number of the resistor whose value 
is being determined, a second group of resistors 
connected in series each of whose value is given 
by the expression 

Rn. 
am (n-h) (n-h-I) 

where R is the average value of the resistors of 
said first group, n is the number of resistors in 
said second group and h is the number of the 
resistor of said second group whose value is 
being determined, and adjustable means engage 
able with said first and Second groups of resistors 
for selectively connecting in parallel any resistor 
of said first group with selected resistors of Said 
Second group. 

JAMES R. MOORE, 
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