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Abstract

This note proves that the 3 input resistances measured across any 3 nodes of a

connected circuit made of linear positive resistors satisfy the triangle inequality.

1 Formal statement of triangle inequality

Let N be any connected circuit made of 2-terminal linear positive resistors, and choose any
3 nodes , . and @ as depicted in Fig.1(a). Connect 3 current sources [;,i = 1,2,3, as
shown in Fig.1(b). Let

Ri= - , i=1,23 (1)

i 11;=0,5i

denote the input resistance across the driving-point terminals formed by the node-pairs

@- and , respectively.
Theorem: Resistance Triangle Inequality

The resistances R;;, 1 = 1,2, 3, satisfy the following triangle inequality:



Ri;i + Rit1i41 2 Riyoit2 (2)

i €{ positive integers mod 3}.
Proof: Since N is connected and contains only 2-terminal linear positive resistors (R >
0), the 3-port in Fig.1(b) can be characterized uniquely by the following resistance matrix

representation [1]:

Vi Riyw R Rz || I
Vo | = | Riz2 Rz Ras I (3)
Vs Ris Ra2 R I3

. ~ ,

where the 3 x 3 open-circuit resistance matrix R is symmetric and positive semi-definite [2).

Since nodes [1]. [2] and [3] form a loop,
VitV +¥=0 (4)

Substituting V; from Eq.(3) into Eq.(4) and assigning (1,0,0), (0,1,0), and (0,0,1) respec-

tively to (Iy, I2, I3), we obtain

R+ R+ Ry3=0 (5)
Riz+ Rys+ Rz =0 (6)
Riz+ Rz + Rz =0 ' (7)

Subtracting Eq.(7) from the sum of Eqs.(5) and (6), we obtain

Ry, + Ry2 = Raz — 2Ry (8)



Now since
Ri2 = Vi|n=1=0,5=1 (9)
it follows from the methods presented in [1] that!:
R2 <0 (10)

Applying inequality (10) to Eq.(8), we obtain the triangle inequality (2). O

2 Remark

1. By duality. the above triangle inequality also holds for the input conductances of connected

circuits made of 2-terminal linear positive resistors.

2. The resistance triangle inequality (2) is a special case of a more general results presented

in [2].
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Figure Caption

Fig.1: (a) A connected resistor circuit N with 3 arbitrarily chosen nodes @, and . (b)
Driving N with 3 current sources across the node-pairs [1}[2], and
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