Solving for multiply unknowns using Kirchoff’s Rules

Rule 1: Ii+1,-1,=0
Rule 2: 11R; + I3R3 =V (loop 1)
LR, + I3R; =V, (IOOp 2)
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Method 1 Algebraically
Given R1, Ry, Rz, V1 and Vs
From Rule 1 we have I3 = I; + I,. Substitute this in for I3 in rule 2 Loops 1 and 2.

We have Grouping the unknown variables
LOOpl LRy + (|1+ |2)R3:V1 and (R1+ Rg) I, + R3 |2:V1[1]

Loop2 IR, + (ll + 1, )R3 =V, and LRs+ 1, (Rz + Rg) =V, [ 2 ]

To find I, you must first eliminate I,

MUItlpIy [1] by (Rg + Rg) (Rg + Rg) (R1 + Rg) |1+ (Rz + R3) R3 |2 = Vl(Rz + R3)
Multiply [2] by — R3 -11(Rs)* = Rs(R2 +Rg) I, =-V, Ry

Add the two equations |1((R2 + Rg)(Rl + R3) —(R3)2) +0 = Vl(Rz + R3) - V2R3
Solve for I;

Vl(RZ +R3)_V2R3
(Rz +R3)(R1 +R3)_(R3)2
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To find I, you must first eliminate I,

Multiply [1] by — R3 ~R3 (Ry +Rs) I1— (Re)* 1= -V1 Ry

Multiply [2] by (R: + Rs) (Rs) (R +R3) 1+(R2 + Rs) (Ri+ R3) I, = V3(R1 + Rs)
Add the two equations 0+ |2((R2 + R3) (Rl + R3) - (R3)2) = V2(R2 + R3) -V Rz
Solve for I,

Vz(R1 + Ra)_les
(Rz +R3)(R1 + Rs)_(R3)2
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Method 2 Matrices
If your calculator is capable of creating matrices generate a 3 x 3 matrix for A
Where we will be solving for the unknown currents set the unknown currents to 1

1 1 -1|Rulel 0
A=R, 0 R;|Loopl Also a3 x 1 matrice B= |V,
0 R, R,| Loop V,

Then A™ B yields the three unknown currents and yield I,



