Task 1

Resistances in the system of resistors

Resistance of system of resistors R; and R,
Resistance of system of resistors R, and Rg
Resistance of system of resistors R, R, and R3
Resistance of system of resistors R;, R,, R3,R4 and Rg
Resistance of the system of resistors

Voltage over the system of resistors

Current through the system of resistors

Formulas:

1
Ri; =5

R1 Ry
Ri23 = Ri2 + R3
R4s = R4 +R5
Ri2345 = ﬁ

R123 Ryus
R = Ri3345 + R
U=RI

Solution:

Resistance of the system:
R = Ry3345 + Rg
substitute expression

1
R=T+R6

R123 Rys

substitute expressions

R: 1 1 1 +R6

R12 +R3 R4_+R5

substitute expression

1
R = 1 L1
1
T, 1%
Ry Ry

R4+R5

Substitute initial values

Ry, Ry, R3, Ry, Rs, R
R12

Rys

R123

R12345
R

U
I

+ R,

[Q]
[Q]
[Q]
[Q]
[Q]
[Q]
[V]
[A]



Current flowing through the system:
U=RI

solve for [

v

I =
R

substitute expression

U
I = T
1 N 1 +R6
1 TR4_+R5
T, 1%
R1 Ry

Substitute initial values



Task 2

Resistances in the system of resistors

Resistance of system of resistors Ry, R, and R;
Resistance of system of resistors R, and Rg
Resistance of system of resistors R{,R,,R3 and R
Resistance of system of resistors R,,Rs and R,
Resistance of the system of resistors

Voltage over the system of resistors

Voltage over the system of resistors Ry, R, and R;
Voltage over the system of resistors Ry,R,,R3 and Rg
Voltage over resistor Ry

Voltage over resistor Rg

Voltage over resistor R,

Current through the system of resistors

Current through the system of resistors R{, R, and R3
Current through the system of resistors R4, R5 and R,
Current through resistor R,

Current through resistor Rg

Current through resistor R,

Power consumption of resistor R,

Formulas:
U, =R
U2z = U;
U123 = Ri23l123
Is = I 23 = 1236

Ui236 = Ri236l1236

U = Uqz36

Ri236 = Ri23 + Re

1
Rys =7

Ra Rs
Rys7 = Rys + Ry
P; =Uzl; = R7172
U = Rys7l457

I; = Ius7

Ry, Ry, R3, Ry, R, Re, R7
R123

Rys

R1236

Rys7
R

U
U123
U236

[Q]
[Q]
[Q]
[Q]
[Q]
[Q]
[V]
(V]
(V]
(V]
(V]
(V]
[A]
[A]
[A]
[A]
[A]
[A]
(W]



Solution:
Voltage over the system of resistors:

Ui23 = Riz3l123

solve for [1,3

I — Uazs
123 = 7.
U = Us236

substitute expression

U = Ri23611236
substitute expression
U = Ri236l123
substitute expression

Ri1236U123
U=—"—
Ri23

substitute expression

U= (R123+Re) U123

Ri23
use algebra
— Re
v=(1+ Rm) Uszs

substitute expressions

Re

U=(1+sz)U123=(1+

3

Juy=(1+ Rf;) Ryl

R123
substitute expression

U= [1+R6(Ril+R—12+Ri3)]112111
substitute initial values

Power consumption of resistor R,
U = Rys571457

solve for 5,

U
I = —
457 = R,
pP; = R7[72

substitute expressions



_ 2 _ v\ _ v\
P7 - R7I457 - R7 (R4,57) - R7 (R4,5+R7) -
substitute expression

1 1 1
A L
P. =R [ 6\Ry "Ry "R3)|"1'1
7 — 7 1 R
T 1 thy
R4 'Rs

substitute initial values

R7

2

RitRg



Task 3

Resistances in the circuit R1{,R5,R3, Ry, R
Electromotive forces of the voltage sources €1,

Currents through the resistors 11,15,15,14,15
Formulas:

Solution:

Kirchoff’s Il law, left loop, clockwise:

& — Ryl —R3I3 —Rsls =0

Kirchoff’s Il law, right loop, counterclockwise:
& — R —R3l;—R,, =0

Kirchoff’s | law, where currents I, and I; merge into I5:

11+12:I3
12215
11214

Substitute expressions and rearrange

(Rz + R5)I, +R3l; =g
(R1 + Ry +R3l; =&
11 + 12 - 13 = 0

Solve system of equations:

[Q]
(V]
[A]

Arrange coefficients of I, I, and I3 as a matrix and &5, &; and 0 as a vector

0 R,+Rs R,
R, + R, 0 R3)

1 1 -1

(5

Apply Cramer’s rule:

€ Rz+Rs Rz
&1 0 R3
0 1 -1

L = R,TRs R3
Ri+R, 0  Rg
1 1 -1

0 & R3

Ri+R, & R3

I, = 1 0 -1
2 0  R;+Rs R;

Ri+R, O R3
1 1 -1




0  Ry+Rs &,

Ri+Ry 0 &
1 1 0
0  R,+R; R;

Ri+R, 0 Ry
1 1 -1

13=

Expand the determinants as follows

a b c

d e f|=aei+bfg+cdh—afh—bdi—ceg
g h i

R3&1—R3&;+(Ry+R5)e;

I, =
L™ R3(Rp+Rs)+R3(Ry+R4)+(Rz+Rs)(R1+R4)
R3&;+(R1+R4)E2—R3&;

12 =
R3(Rz+Rs5)+R3(R1+Ry)+(R2+Rs5)(R1+Ry)

I = (Rz+Rs)e1+(R1+Ry)e;

3 R3(Rz+Rs)+R3(R1+R4)+(R2+Rs)(R1+R4)

Use algebra

I — (R2+R3+R5)£1—R3£2
1 ™ (Ry+Ry+R4+Rs5)R3+(R2+Rs)(R1+Ry)

I, = (R1+R3+R4)e2—R3€q
2 7 (Ry+Ry+R4+Rs5)R3+(R2+Rs)(R1+Rya)

[ = (Rz+R5)e1+(R1+Ry)ey

3 7 (Ry+Rz+R4+Rs5)R3+(R2+Rs)(R1+Ry)
11 = 14_
12 = 15

substitute expressions

I — (R2+R3+R5)€1—R3€2
4 7 (Ry+R,+R4+Rs)R3+(Ry+Rs)(R1+Rs)

_ (R1+R3+R4)€2—R3€1
(R1 +R; +R4+R5)R3+(R2 +R5)(R1+R4)

Is

substitute initial values



Task 4

Electromotive force of the voltage source £ V]
Internal resistance of the voltage source T [Q]
External resistances in the circuit R, R, [Q]
Current through the circuit when switch is open Lopen [A]
Current through the circuit when switch is closed Idosed [A]
Formulas:

Solution:

When the switch is closed, the voltage drops over the whole circuit equal to zero
1
€ = Tlclosed — L+ilclosed =0
R1 Rz
When the switch is open, the voltage drops over the whole circuit equal to zero
€ = Tlopen — Rilopen = 0

Rearrange the voltage drop equations
_ Iclosed
€ = lciosed” = iosi
R1 Ry
&= Iopenr = Rllopen
Arrange left-side coefficients as a matrix and right sides as a vector
(1 _Iclosed)
1 _Iopen
Iclosed
1 1

Ri Rz
Rllopen
Use Cramer’s rule

Iclosed —Iq
e closed Topenlciosed 1
1 K2 R1Iopen1closed_ﬁ Iopenlclosed Ri—4—
e = Rilopen —Iopen R'R; I
‘1 ~Iclosed Iclosed—Iopen Iclosed—lopen
1 _Iopen
I'closed
1 g s
R1 Ry Rllopen—%
r 1 Rilopen R1i Ry
|1 ~Iclosed Iclosed—Iopen
1 _Iopen
use algebra
1
Ri—4
R{ TR,
&€= 1
Iopen Iclosed
R4l _Iclosed
1fopen™ 1 1
R{ 'R,

Tr =

Iclosed _Iopen

substitute initial values



Task 5

Resistances in the circuit R{,R;,R3
Internal resistances 11,12
Electromotive forces of the voltage sources €1,
Currents through the resistors L1513
Power consumption in resistor R Ps
Formulas:

Solution:

Kirchoff’s Il law, left loop, clockwise:
81 - T'lll - Rlll - R3I3 = 0
Kirchoff’s Il law, right loop, counterclockwise:

&y — r212 - R212 - R3I3 =0

Kirchoff’s | law, where currents I, and I; merge into I5:

11 + 12 = 13
Power consumption in resistor R

P; = R3l%

Substitute expressions and rearrange

(ry + RN +R3lz; =¢&
(rz + Ry, +R3l; =g
11 + 12 - 13 = 0

Solve system of equations:

[Q]
[Q]
(V]
[A]
(W]

Arrange coefficients of I;, I, and I3 as a matrix and &;, £; and 0 as a vector

r + Ry 0 R;
0 »+R, R3

1 1 -1

(5



Apply Cramer’s rule:

&1 0 R3
& 7'2+R2 R3
[ = 10 1 -1l _ —&1(r+R2)+€,R3—€1R3
1 rl';Rl . -ER 23 —(ry+R1) (12 +R)—(r1+R1)R3—R3(12+R3)
2tR2 R3
1 1 -1
ri+R; € Rs
0 & Rs
I, = 1 0 -1l _ —(r1+Ry)€;+R381—R3&;
2 Tl-l(;Rl - ER 23 —(ry+R1) (12 +R3)—(r1+R1)R3—R3 (12 +R3)
2+R2 R3
1 1 -1
TR, 0 &
0 1+R, £
L. = 1 1 0l _ —(r1+Ry)e;—(15+R3) €4
3 Tl-l(;Rl . ER 23 —(ry+R1)(r2+R2)—(r1+R1)R3—R3 (12 +R3)
2+R2 R3
1 1 -1
use algebra
[ = (r2+Rz+R3)e1—R3&;
1 R3(Tl+R1+T2+R2)+(T1+R1)(T2+R2)
I _ 82(1‘1+R1+R3)—R3£1
2 R3(1‘1+R1+1"2+R2)+(1‘1+R1)(T2+R2)
. = (r1+Rq1)&2+(r2+R3)eq
3

P3 =R (

substitute initial values

o R3(T1 +R1 +ro +R2)+(T1 +R1)(T2 +R2)

(r1+R1)e2+(r2+R2)&q

R3 (T1+R1+T2 +R2)+(T1+R1)(T2 +R2)

:



