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R(0) Rno (1 + x(0 - 20%) = Reo(1 + x.4T)
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x =(t)- Xcopper = 0
,0839

T FR Material properties

Specific resistance (9)
R.

2

W⑳ S = R .* Semmny = 100Im

i P Scopper = 0,01786
imm2

m

Conductance (G)

G is the reciprocal of R :

G= = 1[S(Siemens))
Current strenght (1) Specific conductivity (U)
# electric charge [AJ

t
Current density (J)

f= = u = G. [m=1

J= [Amm) ; F= cross section Vcopper = 56Sine
In houses

,
J = 2

...
10 Amm>

Resistors in series connection
Resistance
R = V(r) I = ITAT = Ir1 = Irz = Irn

I

Kirchhoff's current Law (KLC) Reg =TUR..RR
#

Resistors in parallel connection

Kirchhoff's voltage Law (k/[]
V = URL =Wil = URnS Reg-r

Voltage drop/divider formula Geg
Parallel connection of Two resisters

Vo =UniVo= RzURO Regen



Linear voltage sources& superposition Fields
, storage & capacitor+ capacitance

Resistance particular cases Coulumb's Law
# calculates the amount of force between two electrically charged particle

· R = On - no resistance , perfect wire
F =

1 91 . 92 -12 As

· R = or - no connection 4TE0

-

rz
i Eo = 8,854 . 10

um

Linear voltage source Electric field and force on a chargeQ
E = el. field strength [Ym]

Open circuit Homogeneous el
. fields: E=

a
d = distance of the electrodes [m]

F= force [N]
Ra= 0 =u I= 0 ; V = Wa Force on a point change: F = Q . Ea = change (AS]

Short circuit Capacitance of a plate capacitor
Ra= 0==k= u = 0 C = E . (F =Farad

↳ Ri=9SourceVoltarea rent Permittivity
Eo = absolute permittivity (8, 854 .11 As/Vm)

Normal operating conditions
EEd Er Er-relative permittivity of the dielectric , relative to the air

*Ras Energy in a capacitor
↳U = Up-Vi = Uq-I .Ri = I.Ra StemptsU()-Idto tempty =C.
↳ Ri = -U-change of terminal volteon ↳ UH = Vo (1- Tempty-

change of load current

Superposition procedure IToT
,

Capacitors in parallel connection

1. Select one source and switch off all others (V = Uq ,
I = [r); Cequi = EnQnEnAn)=E=Get a

y [1

2. Calculate all witages and currents cause by the chosen single source ;

3. Repeat 1
. and 2. for each source ; Capacitors in series connection

I ↳G Cz4. Add the contributions of all voltages /Attention to the direction & Signs) .·A
· Ideal capacitor voltage relationship

i =C .

4u ↑ Voltage CANNOT instantly jump from one

At
S value to another in a capacitor

Conservation of energy in an electrical circuit
CR series circuit

V = Ur+ Uc / t
& Il

chemical energeia energy Heat aud radiation S
W

T

UR i Va is
BT

Se R1
↳ in-ic Y t= w Y Y Y Y

·

Efficiency (n)
Transient analysis in RC circuits

n=P. CR time constant T= R . [

Conversion of power to mechanical power·
+

Per = U .I = Motor -> Pmech= U .I. n = M . w

↓ 1

Poss = V .I. (1-n)
-TOT 25

for chargingCapaci Capacitor discharging
Conversion of electrical energy to heat energy V(t)= Vo(1-e

+/T) Volt= Vo .+/
Wel = Pel . + =

m . c .2

N Fc(t) =Vo Ic(t)= -Vo
Energy costs Transitional phase (0t (t< 55)

costs = W . K
,

k = energy tariff (50,20 f(t)= A +1(1- c+/t) = A + (B-A)(1- 2+/t)



1 -
Coils with and without iron core

&
... -

Linear
, significantly

-
Air core : Less flux density B

& H
,
I

&
0 ... Logarithm ,

1 23 4] much more flux density B

-non core :

Voltage [J]
5 & H

,
I

4 Law of induction and inductance
3 * ad

2

W

& U = - N.
1 *·

stationary case:" = 0== ov*

↓
# 1 2 3 4 im Inductance and inductor

At

Current [A] Inductance (1) is the capability to generate magnetic fields
2 L =

1 . 0 = U .

4t [H (Henry) = Ej. Wb=I &I
18

& Energy in the magnetic field
-18

W= (I2 ->
The current in a coil

-z cannot change abruptly
1 2 3 4 t

[mS] Current-voltage relationship of an ideal coil

Fields
, storage inductor-inductance U = L . /t Special case : O=Ai/1++ U= 0

Transient analysis in RL circuits
Magnetic field H

⑪ I
I a *

TRANSITION
3 1. Starting value y (0+

PHASE
X

+ +
5H

-

21

change 2:State before switching y(0-
↳ # Y 3. Final value y100)

X
tow

#
*t Constant : E = L. RFT

Magnetomotive force (current density) Steps :

1) y(0 -) = i)(0 :) 2) y(0+) = i)(0) = i- 0) since it cannot jump !

&. N .I ; N = number of turns 3) y(0) = i< (00) = i)(5T)
-t/t

4) y(t) = i(t) = i(ed)+ (i)(0+) - iy(00)e
Ampere's circuital law

Charging an inductor in a RL-network
T

8 = fH(s)ds = 15 = H .l
Il t

& --I

Magistic flux density W
Y t= w YY

UL
& Y

UR IR IL

B = P =u
-H = MoMr - H

[T=WHA4.·m
↑ = [B-lines = magnetic flux MoF magnetic

constana

M = magnetic permeability
u= v . exp)-I in= (1 -exp)- z))H = magnetic field strength Mr = relative permeability

Discharging an inductor in a RL-network

Magnetic flux ↓ DifferentMr Il &

E= w

--I
X

YY & Y

a = B . A Material Mr W
Y

UR iR UL iL
uL + 0T ina

North
Air 1

11 155 at To
Pure iron -250'000

&lectrical steel 500
...

7000

---y

BField
Steel 40...7000

- To . R -> of 37 - t

South Water 8.gggg1
. Us= -FoR.exp(E) in = Foexp(Y)



Repetition Impedence and admittance
S1 uc(0) = 0

R1 Uc(00) =Vo = du Impedance zk(40-Yi)=Ye
-1

Vo ou a
T = C(R1/IRz)

*

R2 I ↑c(t)= Uc(ed(1 - exp(-t/) Type of impedance
Pure inductive

S1 * =

i)(0) = 0 T = RYRz inductive/ itetypea
i)(00==

R1

ohmic-inductive resistive R 00 >0 8

PurelyVo Ri 900 44+900010
((t)= i<(00) . (1 - expl -+(t)) I Bure

&
inductive

ohmic Purely
- 900 /44-90000capacitive
-Sinusoidal , effective value , phasors capacitive/ resistive &

ohmic-capacitive inductive R+ X(440% %, 3+90708
--Hage oscillation asa function of the angle my resistive

u(t)= Usin(w .t) Pure capacitive capacitive
R+Xc4y - 90%4807048

Zero phase angle O and phase shift Phase shifts capacitance reactivity

u(H= Usin(wt +Yu)xy = Yu-4
Y= tan() 4= tant)

i(t) = Isin(w+ + yi)
Series connection

Resistances Impedances
Power in sin signal and effective value

Reg =

5Uri
= EiRi ZegEatEUcYa+EULY

= EiZi

p(t) = y(t) - i(t)=+ = [(t)2 . R I #00

Parallel connection
Active power Resistance Impedances

D(t = 7) p(+at Reg =YR IzeaEffective value [ii

Veff = You at = =
0 .z Voltage and current phasor

V = Zelement . I

Jeff =... = F2 Power in AC , power factor

Inductive and capacitive reactance Power in electrical circuits

Relationship between current and voltage Passive devices Actives devices

on a capacitor : i = 5.

Ou (loads) /power sources)
&t F

,
P= U -I)0 I

7
P= U .I < 0

on an ideal inductor :u .

&i

&t
>> 24

Current waveform W BLO
W <0

- + >7) Ty =f 24

through a capacitor : &
E

-
E

*Hage is behind (logs) the current by 900 Electrical energy
&ther energy

↓
through an inductor : ↳ Electrical energy+
-Itage leads the current by goo other formleg .

heath Power network supply
Reactance Conservation of energy
Capacitive Reactive

XC ==
1k-go XI= = w4900 777 W 777
w . C

Xa Xy j

E > w E > w



Circuit Current/voltage Power Impendance (Admittance) Signal Sequence
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Work and
Instantaneous power p(H

X a Energy
P(+) · A E # Real energy

It I Ww = P . E

u(t)

i(t) ! Y " i
Reactive en.

Wis= Q . t

I = -
V= - 1.

11

* ↓ r

Y in
is
,
N

Real power on R o · · II

if 4=0
%

if y = 1900

X

I
*

*

11

·

A generator

#
z

-

E

P= U .I P= B

*C Powers F E
Apparent power [A] Average power [W]t ·S = W .I P= V .I. COSY

S = D2 + Q2 P= S . cost ·
Reactive power [var] <*

S Q
Q= U . I. siny ↑ I Ti

N

*= S . sing P

Power factor ~
performancefactorcosq= x= B = ws)

D



L1

Three-phase circuits *circuit *

* un8 z

U13
*

N *

J

Un1
J !

&Power transport z3z2

&
↑

VG- Us
L3 * ↳2

12
·

U13 V/2
I R1

V/2

+
-1 R3 13

D

y
& R2 Y

&

-

· z1 = z2 = z3 Si= Vm : F1
Producer Transmission Customer

b b ↓
· I = Is S2= Unz . Iz
·1111 = 112) = 113 S3 = U13 . IzPpro = Us. I PRAns= (R1+R2)·

2
Paus-Uc :I

· v = BVs I

n =
Pcus

=
PPRO-PTRANS

= 1- PTRANS Stat F3 .Us : I

PPRO PARO PPRO
= 3WI

The loss in the line decreases with the square of the UTRANs

&circuit
Generator L1

Um =Us400 * & *
[12

us joun &
In #

u
*

UNz =US4-1200 V31 W12
V31

↑ W12

*
N * J =31

& ↑Una
-1200 UN3 = USK1200

z12
↓

↑Wa
131 * z23

*

* L3 S * ↳2 * *

I Vm + Unz +Va = 0 U23 12
U23 < #23&

Un
y D

13
&

Wyeconnection ·2= zz3= z31

3 connections
· I= 3 IS

instead of 6 ↑X · (F(2) = (F23) = 1531)

b
=

In
=
12

= 13
Line voltage - The 3ph sys provides 2 voltages 3 3 3

Phase voltage * U31 · V = 3Us

Um = Us . Sin(w+ + 0% U23 & I1
Unz = Us . sin(w+ -120% S1z = U12· [12 = 3 UN .

3
-

W13 = Us · Sin(w+ +120% * U12 S23 =23
. [23 = 3 UN2 .

↓z

3
-

Line voltage S31 = U31 - [31 = 3UN3 . 1
U1z = Unz-Um = 3 Us . Sin /w+ - 1500

SioT = 3. Us . I = 3 . V . I
V23 = V13- Unz = 3Us . sin(w+ + 90%
V31 = Um-U13= 3 Us . sin(w+ - 30% Power calculation

Wye (4) and deltal) circuits Apparent power (VA] Average power [W]

Y-config ↓config S = 3 . Us . I = 3 . W . I ↑= S . cosy

· L1 * · L1 Reactive power [ver]

* · L2 * · LZ ↑ - S. sing

· L3 I * * 13 Average power of resistive loads [W]

Neutral (optional)
* Py = 3 .U3Us 3R Py = Pa

Pa = 3 .

) 3Usk =3


