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Simple Circuit
electrical voltage U U=¢1 -2
electrical current | | = O('j_?

under the condition of a stationary
current (I = constant) apply to:

. |
current density S S=—
A
. . U
electrical resistor R R = n
. 1
electrical conductance G G= 2
electrical power P P=U-I
electrical work W W=P-t

OHM's law

under the condition
9 = constant apply to:

U
u-~| T = constant

assessment of resistor

under the condition
9 = constant apply to:

electrical conductivity v (k)

influence of the temperature
on the electrical resistor

AR =a-Ryp -A9 with AY =9-20°C
Rg =Ryo(l+a-A9)

Uo

0 >—0 v

Rao

electrical potential of point 1
electrical potential of point 2

electric charge
time

voltage of the voltage source

temperature

specific electrical resistance
length of the conductor
cross-section area

resistor by the temperature 3
resistor by 20 °C
temperature coefficient

Direct current circuits

Series connection of resistors

R1 RZ
<_
U, U,
U _Ri
U R

I=lp =l =...

=ln

U,=U+U, +..U,
R=R1+R2 +..Rp

potential divider rule:

U _R
Uq




Parallel connection of resistors

O =1 +1p +... 41
4_
T Uq Uq—U1:U2: :Un
I
R
1
— i+ 1 1
‘ P E— R Rp Rp Rn
Il Ul
s current divider rule:
R
—2 L _R2 h_R
a1 _R2
< Pa— lo Ry | R
I2 U2

Network transformation

1
|:| R1 (A)

(A)

Ra1 Ri2
-
Rs
—
R> L
3 R
23
3 2
Transformation A —» A Transformation A —» A
R, R
Rio=R1+Ro+ 172 Ry = Ri2 R31
R3 Ri2 +R23+R3;
R, R
Rog3=Ro+R3+ 273 Ry = R23 R12
1 Ri2 +R23+R31
R3:|_=R3+R:|_+ﬂ R31 R23

Ri2 +R23+R3;



Series connection of voltage sources

Parallel connection of voltage sources

u=> Uq |K = |K
Ri :z Ri Gi :Z Gi
- o - o}
B S —— S G|
U L 1
R; =19 R, :i
I G,
D
U/
Ri - —
Uq IK
1. KIRCHHOFF*s law 2. KIRCHHOFF‘s law

(Junction law)

(Meshwork law)

=l =1, +1, +l, =0

n
Ik =0
k=1




Electrical field

electrical charge Q

Q=N-e
Q=}I(t)dt
t

COULOMB?’s law

for point charces, apply to:

o1 Q1-Q2
Am-gq - g r2
electrical field strength E E= g

for homogeneous electric field,
apply to:

E-2
S
electrical flux density D D=¢g-¢-E
for vacuum apply to:
Sr = l
dielectric constant ¢ €E=¢€Q-¢r
electrical flux ¥ Y= deK

under the condition
D = constant und D H A

apply to:
Y=D-A
PL. -
electrical potential 0= w ¢p= [ E(s)ds
Q Po
P, .
electrical voltage U U=g1-9p U= [E(s)ds
P2

for homogeneous field, apply to:

U=E-s

N number of electrones

e elementary charge (p. 14)
I current intensity

t time

F force

ep permitivity (vacuum) (p. 14)
gr dielectric constant
r distance between the point charges

s distance between the points, which
have the voltage drop U

i
777

VYN

A area

o
Po

Py o ° P2

W dislocation work on a charge Q in
the electrical field
o1 electrical potential in point Py

@2 electrical potential in point P2
s distance




Capacitors
capacitance C of an capacitor C= Q /Y
Y Y
< U,
breakdown strength Eq Eq = % =
- +
electrical strength of field E of an >
plate capacitor E= v . .
d d dielectric
capacitance C of an plate capacitor C=¢g, ¢, Q charge
U voltage
. d distance between the plates
capacitance C of an ) , go permittivity (vacuum) (p. 14)
. 8 . S N - -
zylindrical capacitor C= T& - r gr dielectric constant
n A area
energy E of the electric field
(plate capacitor) E= %C U2
¢ Uc capacitor-voltage
[— U charging voltage
charge of an capacitor Uc=U-|1-¢e R-C R OHM’s resistor
C  capacitor
time

current intensity
current intensity (t = 0)
EULER’s number

s

discharge of an capacitor

time constant

Series connection of capacitors

Parallel connection of capacitors

< U
<« «—
Ul U2

[

CZ

4—

UZ
£=i+i+...+i C=C,+C,+...+C,
C C, GC, C,

U=U;+Uy +...+Up U=U;=Uy =..=U,




Magnetic field

magnetic strength of field H

for the field outside of an direct conductor
with the current I, apply to:

qo L
2mr

H=

7T.Ir(cos%—cos%)

for the field inside of an long coil with the

current 1, apply to:

for homogeneous magnetic field, apply to:
C)

s
magnetic flux density B B= Lo - 1, H
(magnetic induction)
permeability p W=uo - Uy
for vacuum, apply to: p, =1
magnetic flux ® O = JE dA

for B = constant
andé” A apply to:
®=B-A

magnetic VVoltage V

P, _ .
V= [H(s)ds

Pl
under the condition of homogeneous field,
apply to:

V=H-s
I
Rm = o A

magnetic resistor R, HO "My -
\Y
Rm=—
m o

force of an moved electron | FL =Q-v xB

Fo
(LORENTZ’s force)

under the condition v L B apply to:
R=QvB

force F to a conductor
with current |

F=1IxB
under the condition | L B apply to:
F=11B

energy E of the
magnetic field of a coil
with current |

E-1L.12
2

I current density
r distance from conductor

=

N  winding number of the coil
I length of the coil

- -

]

® magnetomotive force
circle of an area
uo permittivity (vacuum, p.14)

ur permeability
A area

‘ A

w

Wi

conductpr-
loop |

distance

lenght

area

charge

speed

length of the conductor

—<O>—ow

+ = -
I I
l- |

L inductivity of the coil




Electromagnetic field

Induction law

do
Uy = ——

dt
under the condition of steady change
of the magnetic field and B_L A
for a coil, apply to:
A(B-A)

At

for an moved conductor v.LB apply to:
u,=v-B-0

u, =N

self-induced voltage

in a coil

u:L.ﬂ
dt

under the condition of steady change of
the current, apply to:
u=L- Al

At

inductivity L of an coil

for an long coil, apply to:

2
L oot N A

induced voltage
magnetic flux
number of windings
time

magnetic flux density
area

>m—~z8C

v speed of the conductor

I length of the conductor or the coil

Wl

I current intensity
po permittivity (vacuum, p.14)

ur permeability
A area

Alternating current circuit

current i in momentary value: i = I -sin(w-t+¢g)
alternating current root-mean-square value:
; : 1 - -
circuit l=—i~=07i
J2
voltage u in momentary value:

alternating current

u=0-cos(wt+q,)

circuit root-mean-square value:
U= % (~070

apparent power S S=U-I

effective power P P=U-I-cosop

reactive power Q Q=U-I-sing

o angular frequency
i  momentary value
t time

i peak value

I root-mean-square value
¢, lagangle

u momentary value

peak value

U root-mean-square value

Rl T
=AY
NS ot

COS¢ power factor
(0] lag angle




Resistors in alternating current circuit

©

OHM’s resistor R

R-°

resistance of inductivity X,

resistance of capacitor Xc

XC:%

for a metallic conductor under the
condition § = constant, apply to:

for a coil, apply to:

for a capacitor, apply to:

I X L Xc = 1
A
U, u u,i u U,i u
T& Fi, /T}x [ N\ A,
Y Y i A A
Series connection of R, X, and Xc¢ Parallel connection of R, X, und Xc¢
circuit

R
—1
R X, Xo X,
Dm_{ }i A
Xe |
[
phasor diagram 1

v 1
XL R
reactive resistance X X=w-L- 1 1 —w-C— 1
o-C X o-L
(reactance)
apparent resistance Z Z= \/R2 + X2 1 = 1 + 1
Z R2 X2

(impedance)

lag tan ¢




Transformation
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voltage transformation

for an transformer
without losses

under the condition 1, — 0 (no-load),
apply to:

Ui _ N

Uz N2

current transformation
for an transformer

under the condition I, — o« (short), apply to:

. | N
without losses 1_2
2 Np
transformation ratio G - N
N2
power transformation PL=P>+P,

Uq-l4-cospq =Us -5 -coses + Py,
under the conditions of heavy load,
without losses and ¢1 = @2 apply to:

Ui-lp =Uz 12

effectiveness n

U voltage

I current

N number of windings

P power

Py power loss

¢ lag angle between
current and voltage

Pout pOWer output

Pin  power input

of an transformer n= M
P
Electromagnetic oscillation
THOMSON" s T=2rn-+yL-C T period
oszillation law L inductivity
C capacity
frequency f of under the condition of a free oscillation
an electrical oscillating without attenuation (R=0), apply to: I
circuit =
(without attenuation) fo 1
2n\L-C L
L Y
natural frequency f of under the condition of a free oscillation, R OHM’s resistor
an electrical oscillating apply to: L inductivity
circuit C capacit
) ) 2 pacity
(with attenuation) fot 1 R
275 L * C 4L2 | |
C
R
L
damping coefficient & d= %

f  natural frequency
fe  exciter frequency

resonance condition




Characteristics and units
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characteristik symbol | unit Conversion between the
units

damping coefficient d per second st 1st =60 min*

work W, A | joule J 1] =1kg-m?.s?
newtonmeter N-m =1IN-m
watt-second W-s =1W-s
kilowatt-hour kW - h 1kW -h =36-10°W s

illuminance E lux Ix 1Ix =1Im-m?

acceleration a,0 meter per square-second m-s? 1m-s? =1N-kg!

reactive power Q voltampere reactive VAr 1VAr =1 var

density (of aggregate) | p kilogramme per cubic meter kg - m= 1kg-m3 =10%g-cm3
gramme per cubic centimeter g-cm 1g-cm?3 =10%kg - m?

torque M newtonmeter N-m IN-m =1kg-m?.s?

speed (rate of n per second st 1st =60 min*

revolutions)

magnetomotive force |©® ampere A

breakdown strength Eq volt per meter V.-m?

energy w joule J 1] =1kg-m?.s?
newtonmeter N-m =1IN-m
watt-second W-s =1W-s
electron volt eV leV =1,602- 10"

gravitational g meter per square-second m- st 1m-.st =1N kgt

acceleration

electrical field strength | E volt per meter V.-m? 1V.-m? = 1kg - m-s3.V1

electrical flux U} coulomb C 1C =1A-s

magnetical flux ) weber Wb 1 Wb =1V-s

magnetical flux density| B tesla T 1T =1Wb m?

(magnetic induction) =1V-s-m?

=1N-m!.-A?
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characteristic symbol | unit Conversion between the
units

frequency f hertz Hz 1Hz =1s?

speed % meter per second m- st 1m-st =3,6 km-h'

(propagation speed) | ¢ kilometer per hour km - h't 1km-ht =0,28m-s?

hitch kn 1kn =1sm-h?

=1852m-ht

inductivity L henry H 1H =1Wb-A?
=1 m2kg-s2A?

capacity C farad F 1F =1A-s-V!

force F newton N 1N =1kg-m-s?
=1J-m?

kilopond kp 1kp =9,81N

angular frequency ® per second st 1st =60 min*

electrical charge Q coulomb C 1C =1A-s

power P watt W 1w =1J-s51
=1V-A
=1kg-m?.s?
=1N-m-s?

power factor cos @ 1

electrical conductivity | y siemens per meter S-mt 1S-m? =1Q71.m?
=10°m- Q . mm?

electrical conductance | G siemens S 1S =1Q1

light density L candela per square-meter cd - m?

period (of oszillation) | T second S mentioned below (time)

electical potential () volt \Y

electrical voltage U, u volt \% 1V =1kg-m?s3A'l

(potential difference)

magnetic voltage \ ampere A 1A =1J-Whb?
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characteristic symbol | unit Conversion between the
units
current l,i ampere A 1A =1 kg:m?s3.Vv1
heat (heat quantity) Q joule J 1] =1N-m
=1kg-m?.s?
=1W-s
kalorie cal 1 cal =419
heat capacity Cn joule per kelvin J-Kt
heat conduction R, kelvin per watt K-wt
resistor
heat current Dy watt W 1w =1J-s?
OHM'’s resistor R ohm 1Q =1V Al
=151
resistance of XL ohm Q 1Q =1V Al
inductivity
resistance of capacitor| Xc ohm Q 1Q =1V.-Atl
magnetic resistor Rm per henry H* 1H? =1A-Wb!
angle o, B3, radiant rad 1 rad = 180 ~ 57,296°
T
7,0, ..| degree of angle ° 1° = %rad ~0,01745rad
angular acceleration | o per square-second s? 1s? = 3600 - min?
=1rad-s?
angular speed ® per second st 1st =60 min’
=1rad-s?
efficiency n lor%
time (span, term) t second S
minute min 1 min =60s
hour h 1h = 60 min
=3600 s
day d 1d =24h
= 1440 min
= 86400 s
year a la =365dor366d
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Physical constants

constant symbol value and unit
permittivity (vacuum) €0 8,854-10"2 A.s/V-m
permeability (vacuum) 1o 1,257-10° V-s/A-m
elementary charge e 1,6021-10°C

speed of light (vacuum) Cco 2,99792-108 m/s
electron mass (at rest) Me 9,109-10% g

proton mass (at rest) Mp 1,6725-10% g

neutron mass (at rest) mp 1,6748-10%* g
Bolzmann constant k 1,381.102 J/K

Planck constant h 6,626-10% J-s
gravitational constant G 6,673-10t m3 / (kg-s?)
gravitational acceleration g 9,80665 m/s?

absolute zero of thermodynamical temperature To -273,15°C

Loschmidt number L 6,023-10% molecules/mol




