Current increase/ drop of a circuit with L and R

L imnl: Summe aller Spannungen=0
uo_ . U-I+R-L+%< =0
or L B-Yy=0x
with /- & =x= % =9 orfor L+ Rx=0

dx R : i
or. TX‘%‘Q Inx = —T'H—lnA( constant of integration)

N I . :>[=%+A.g—%f fort=0"', switchon", 7=0
0

U - _U ,_
E—FA :>A— R 0.1

thus = 1= Z(1-e1

for t=0 ', uncouple":
t=0,U=0 —Ad=1 o=
and thus 7=/, .¢ 1!




8.10. Energy and density of energy in a magnetic field

Energy of breaking current. From magnetic field of coll

..-""'P-F I

we T | S

energy DI
W= [ 1*Redt=[I}-e?1 -R-dt =

remember: Power P=

or with U=R . |

—R.I2 .j:g—z% vt = R .[%[_%g—i—ﬂf]: =17.7

Magnetic field energy of a coll

P=12.R

]

/

: NEA
For an elongate coil: L= o
— NEA 2 _ N-I N-J
V=3 T Ho -{ 2 7 Ho R A fi,,z,
e — —
B B field volume
Ho
W= = V=
o compared to :

energy density: war = =  electric field

Wg = %EUEZ




9. Alternating voltage and alternating current

9.1.Exp:

M loop
[ ==

s |

e

® =58 -;f;A . area of coll,B: field=const.

Turning the loop:

flux/voltage

O =PB-4-.co8f3; be p= ot
D() =B+Acosot = Upg=U. =U{t) = -2 =@ +B+A4 +sinot

Ut)=Ne+w+B+4 -sinwt

_ 1 _
V= +,0=2n1v



9.2. Effektiv values of current and voltage

[. = % = % 1N (1
e —
Momentary value = Jo( peak value)

Ohmic resistance: voltage and current in phase

Power consumption: P=U-+lI=Ujyesmnwt ]y sinot = %% sin’ @t
Average: 7 — Y | Lstinzcor . dt
R T Jo )
0.5
2
-+ - 1

2

— U2, _
Def.: P = — with

U = -Unileg = 1o

From socket: Uer = 220V = Uy = 311V




0.3. Alternate current resistors

Exp: Phase shift between current and voltage

l 3 9UL Inductivity
T Ue U=U;+Ugr=Ld+R ]

-
gt

L.

Ansatz: Uy = Uy e [ = ], » gi0i0) = i e Jo « 190 = joy o ]
— U= (R+iwl) -]

_ For current and volage:
Complex resistor Z

U=Z-];Z=TU=I—;8”£’=ZOQW T

L)

Im 4 R tang = “jTL - phi

- Ra
Ug

wil :

; - Ur =il -] =

e

’ current lags behind current : ||



Power: P(t)y=U-+I=Uj-coswt [y+cos(wt— @)

—_— T —
Average: P=21 IOP(r) . dt P = 1P -cosg

limiting cases:1)L=0 = ¢ = 0 2)R=0 — ¢ = 90°

current lags behind votage 90 ° nach P =0 butidle power!

capacity: | T o

U_‘_ -
! |

U=U+UpQ=C-Uc=Uc=L.0=L][I-dt

— [J = %j[-dHR-J
/= %I—i—R J x Ansatz: U = Uye'® = U= iolUye™ = joU

J = ]Oei(mrﬂp) :>j= f&)lrﬂei(mrﬂp) = iw] *x —= ol = %I-FR .« j0f

U=R-iyg)5Z=(R-iyz): complex resistor



U _ o
Z= =€ =2Ze™ Im

current is ahead of voltage!
again here R

— { phi
P = >Pgscosg 1/wC

L

limiting case: R=0 current is ahead of voltage of 90 " !

9.4. Electric oscillator circuit ~ See also mechanics!

a) undamped oscillator circuit Energiesatz:

We + W = const
L 7 S

1 1
Loy 1Lp

— ek —

- Re



Differentiate after t:

— e

CQ+LJ;0

AL oJ= 0 T _
Lo = | I +L1=0

1

Solution: I = I,eiot with ‘G)o = =
R: Energy pass to heat:

—%ﬂﬂpwﬁ}=1%2

b) Damped oscillations

—QQ}—{;IPJW

e

Q+L[ﬂﬁ—0

Differenciate: L+ O +L I+RI=00r L T+RI+L1r1=0

Equation of oscillation for current!



—

Comparison with mechanics: Q = x; I = V;

Ep=+2 Ep=L11" mx+kx+Dx=0=L=mk=R,£t= D

: —5t ,tiwt. R . 1 R?
Solution:! = lpe™e™,0 = S0 = JLC Ty

2
‘co = &)0‘/1 — i‘i — 3 cases: a) R? < % - case of oscillation

b) R? = 2L : Aperiodic critical damping /=5« ™

c) R? > % . critical damping: w gets imaginary [ = J, « g (6t@)

quality factor: O = 2 S. Mechanics! lecture 16



c) Forced oscillations

U=Uo sinw t
ﬁ power balance:
© T SL LG+ Wy +1PR = Uy I - sinot
. oy 7

O Q— +L + I ] +IR = Uq I + sin ot

e, % +L oJ +] R = Ugesinot : differentiate

LI+RI+1I=w-U,

« COS T,

s COS D1
R 1
I +2 J 4w 1= o -Us

solution wanted in the shape:

I = Igsin(wt — @) = I « [sin@tcos@ — cos @tsing |
@« Iycos(wt — @) = @ « Iy[cos@tcos @ + sin@tsing |

I= —@?*ysin(wt — @) = —@*o[sinwtcos @ — cos wisin]



insert in ¥ 1 Io[-@?*sin@rcos @ + @2 cos@tsing | +
Lllwcoswtcos g + wsinwtsing] +

@5l s

true for "all" times > coefficients of
sin and cos on poth sides of equation the same!

2 R 2 _ 1 \.
lolo*sing + Z@cos@ —ojsing| = @ - U @
22 22 %
02— ) (ne— .
tang = ——:sin@ = - ,COS P =
L 02—p2) 24 R (02—2) 2+ R2g2
0 Le 0 Ie
1 at resonance:
EE{}"UD
lo = W= @)=

222, Rim?
J(m Wy )+ 22

n@teos @ —cos@tsing] = +o » Uy « cos oF

Ii[-@*cosp + L wosing + @jcosp] = 0

1
JLC

, =10

Uy

— [ = « COS@ot



I 0.5 1 LA = 1z A

voltage at R: Uz = R« = Uj *cos@t

. | - _
........ at L: U = L «J= - -L% siIn@ol = _Tﬂ f% SIN @o! ‘
: 1~ _ 1 _ U
........ at C: UC=?Q—EII-dr—#Icosmgr-dI
= m,jl.c i':' SIN@ot = % f% Siﬂ&)@f‘

in case of resonance| /1 = —U¢ ‘




ParaIIeISChWingkreiSZ A -
U L \ —
. \%J

Gesamter Widerstand:

— — ip 1 _ _1 1 _1 : — _
Z=R+7 = Zye 7 =+ %o — +i0C i(oC
2
= Zy= |RP+—1— =R |1+ —=% =
(E—({}C:l RE( l—wL ' )2
R[1+ w* =R |1+ w?
RECE( l—créiti’i. )2 chz(m%—mz)z
1
1 _ue m;{.
@ = arctan| -2 = ¢ = arctan| —%= | =
L
s
Yy wlo?
arctan : = arctan : = arctan @
R R(m%—mg) RC(m%—mz)




O =0y — Ly > 0, -0

Resonance:
| resistor || || voltage:
| | z
L.>
|
III
P .
|
current
s
a lq-\__ﬁ- 15 ey .
' il 5

l.e.:

Filter in TV, Radio etc.



