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Complex phasors, jo-method
e Complex OHM’s law for R L and C.

Ug=Ig R
QL:lL°jXL:lL w=2r-f

: 1
U.=l )X =1 ——
—~C —C J C —C J C

e Complex OHM’s law for Z.

U=1-2| <=

v
|

p=arg(Z) = arctan( Im_Z_ j
Re
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Voltage divider, Transfer function

Simple filters are often designed as a voltage dividers.A filter transfer
function, H(w) or H(f), is the ratio between output voltage and input
voltage. This ratio we get directly from the voltage divider formula!

O Z, T O
U
D R
5 L o
U,=U, = = ﬂ(a))zuzz Z;
' £,+£, U, 24,+7Z,
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LP HP BP BS

+ O— —O+

LP lowpass HP highpass BP bandpass BS bandstop

Y Y v, Y
U'] U'] U'] U']
> f > f - f - f
TN il A a ey

BP and BS filters can be seen as different combination of
LP and HP filters.
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Transfer function (14.2)

IZ

o]

Set up an expression of |- =f(U, o, R, C).

Set up the transfer function 1-/U the amount
function and the phase function.

What filter type is the transfer function,

LP HP BP BS ?
What break frequency has the transfer function?
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Transfer function (14.2)

Answer a)
o o D
RIC = ja)C.ja)C: R
R+ 1 joC 1+jwRC
JaC
o=~ =U-jaC
JaC
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Transfer function (14.2)

1
© D h
R‘l’ Te
R 1+ jowRC
U.-U 1+joRC R U _1 N
Ry R 1+JoRC  ~1+jwRC+1
1+ JwRC R
| —y e
—© T 2+jawRC
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Transfer function (14.2)

Answer b) 1-/U !

Nk
Le Jok le _ o arg(lj 90° arctan(wRCj
U 2+ joRC | U \/4+ (wRC)? U 2

&)l
arg arctan
U wRC
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Transfer function (14.2)

1

Answer c) LP HP BP BS? . )
_ Um() | ch
lC: JCOC R Te

U 2+ jwRC o—t
lc O‘j lc 1
= !ln=0!'= =0 =lpw=owi=—
U 0700770 Tty
+0— 7 -
= HP v o [
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Transfer function (14.2)

Answer d) Break frequency?

At the break frequency the y

numerator real part and imaginary
part are equal.

o __JO&_— pe-2 = f=i. 2

U 2+j|a)RC 27 RC
2 2

Ic JaC JR . R

1
= = — = =
U 2+joRC 2+j2 U 22:22 R2
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Phasor - vector

"""""""""" ol 1
o=zrt Pdmot -t
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Phasor chart for voltage divider (11.8)

connected to an AC voltage source U,
and it’s output voltage is U,. At a some
frequency the reactance of the inductor is |
X, =2R.

Draw the phasor chart of this circuit with
l,, U, and U, at this frequency. '
Use |, as reference phase ( = horizontal). S ?

The figure shows a voltage divider. Itis ~ .°7 EJ
IR
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Phasor chart for voltage divider (11.8)

+ ’1
RI, 3RI, 3R
Al

2RI, ™ u,
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Jo-calculation of the divided voltage

U, RtjoL U, R*+(el)? EJ
U, 4R+ ]jol U, \/16R2+(a)L)2 0

X, =aL=2R = U, R

U,|_ JR? +(2R)? _ W5 1 ’ xer |
U;| 16R?+(2R)? 20 |2 L
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Voltage ratio

' N, i N, /
O— 0
U1=N1C:j£t) U2=N2%f +: :+
AV U '\
U, N, B'&
U, N, . .
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Current ratio

f N, N,
Pl:PZ (Po’lo:O) O IL .
U1-|1=U2-|2 = + |t
| |
| |
U )
|2zU1:N1 /\./ 1: : 7 /\/
|1 U2 N2 | |
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Two values are missing? (15.1)

For a transformer the following data was given:

Primary Secondary i "
N, | Uy | I | N, | U, L AN Y
600 225V | 2 (200 | 2 | 9A | _ '[N

Calculate the two values that are missing. 1, and U,.
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Two values are missing! (15.1)

For a transformer the following data was given:

Primary Secondary i "
N, | Uy | I | N, | U, L AN Y
600 225V | 3A | 200 | 75v | 9A o .

Calculate the two values that are missing. 1, and U,.
n = N,/N, = 600/200 = 3

1 9 1 225
| :—l :—:3 U =—U =—=75
1 n 2 3 2 n 1 3
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Two values are missing? (15.2)

For a transformer the following data was given:

Primary Secondary i "
N, | Uy | I [N, | U, | 1 AN Y
? |230v|2A |150| 2 |12A| _ 'f1'

Calculate the two values that are missing. N, and U..
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Two values are missing! (15.2)

For a transformer the following data was given:

Primary Secondary
N, U, L, | N, | U, ,
900 230V | 2A | 150 | 38v | 12A

Calculate the two values that are missing. N, and U..

n=1,/1,=12/2=6

N, = N,-n = 150-6 = 900

U, = U,/n =230/6 = 38,3 V
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Two values are missing? (15.3)

For a transformer the following data was given:

Primary Secondary i "
N, | U | [N, | U, L AN Y
600 225V | ? | 2 |[127V]| 9A o .

Calculate the two values that are missing. I, and N,.
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Two values are missing! (15.3)

For a transformer the following data was given:

Primary Secondary i "
N, | U | [N, | U, L AN Y
600 225V |5 | 339|127V | 9A | _ [

Calculate the two values that are missing. I, and N,.

Up Ny 225 Yz 600127
U, N, 127 0 7 F2%y "7 o5 T
o2, 39, cosa
1N, 276007 7
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Inductive coupling

The coupling factor indicates how much of its

flow a coil has in common with another coil? k = M
An ideal transformer has the coupling factor LL,
k=1 (100%)

+ M is called mutal inductance

e Series connected coils e Anti series connected coils

Lor =L +L+2M

TOT L1+L —2M

e Parallel connected coils e Anti parallel connected coils

L-L,— M L-L,—M?

Lior = L
L+ L, -2M L+ L, +2M
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Mutal inductance (15.8)

Mi; My My )U b)
® o ° Lo L, |
Lror =
! L 1 L L3 . [ 'f'{.__ﬁ
Three inductors L, =12, L, = 62 L, =5 [H] are series 1| =
connected. When inductors are close to each other the 1 ~
placement on the circuit board can be important. In the

figure to the left a) will inductors to have a portion of the
magnetic lines in common. They then have the mutual
inductances M, =3, M,; =1, M3 =1 [H].

In the figure to the right b) the inductors are mounted three dimensional so that
there are no shared power magnetic lines.

a) Calculate the total inductance for the arrangement in figure a). Loy =7?
b) Calculate the total inductance for the arrangement in figure b). Loy =7
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Mutal inductance (15.8)

M12 MZS M13
@ o o
B vonlifeibmyrmr N i neamamiile
L4 L» L4

a) Lior =L —Mp, +M;+
L, —M;, —My + a)H
L3_M23+M13: @
=12-3+1+6-3-1+5-1+1=17[H] g
b) Lor=L+L+L,=12+46+5=23[H] "

E

r~
(]

©
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Here is one more qualifying
part example If time permits!
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Qualifying part at exam example

An AC voltage E with frequency f = I

2 kHz feeds a circuit with a parallell "\ -t
IC
) C 0,64 uF

capacitor C = 0,64 uF and an +
inductor L = 8,8 mH in serieswitha  E
resistor R = 100 Q.

We measure the voltage U, =5 V.

7 L88mH
LR

R100Q2

a) Calculate I,z [mA]

b) Calculate E [V]

c) Calculate I [mA]

d) Calculate I [mA]

e) Draw principal phasor chart.

(I ILR ICEUR)
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Qualifying part at exam example

7 L88mH

a) Calculate I 5 [mA] ~ > b
. E_mm +
E R100Q )
C) C 0.64F -

a) U, isreference arg(U,)=0
3)
UR:5 ILR:m:5OmA
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Qualifying part at exam example

7, L88mH

b) Calculate E [V] U f“m +
EJC) R100Q
U, =5V
C 0,64 uF —

b) E=U, +U, =1, -j-27-2000-88-107° +5=

=553]+5 E= \/5,532 +5%° =745V @ _____

IC
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Qualifying part at exam example

7 L88mH
LR

c) Calculate Ic [mA] >
. E_mm +
E R1000 )
CD C 0,64 pF -

E :
c) le=—+-+=E-joC=
) s VjoC

= (-45+40j)-10° 1, =+/40? +452 .10 =60 mA
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Qualifying part at exam example

d) Calculate | [mA]

7, L88mH

v,

C

D

f\m +
R100Q)

rR

C 0,64 uF .

d) l: ILR +I_C :(50—45+4OJ)1O_3 =

= (5+40j)-10° 1 =10"2.4/5% + 40

= 40,3 mA

UYL
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Qualifying part at exam example

U, =5V

N

s U,
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Here are some
more ’filters™ If time permits!
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Filter RLR (14.7)

R
The figure shows a simple filter with two R and one L. |
a) Derive the filter complex transfer function U,/U,. NV
b) At what angle frequency @, will the amount function : L~
be |U,|/|U, F1/+2 U R U

Give an expresson for this frequency @, with R L. O .

¢) What value has the amount of the transfer function at very low frequencys, w~0?
What value has the phase function at very low frequencys?
d) What value has the amount of the transfer function at very high frequencys, w~w?
What value has the phase function at very high frequencys?
U
=7 =2 (=7
arg(ulj

U,

Yol l b RLD=? w~0=

U, ~2

=7 arg[%—ﬂ =7
=1
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Y,
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b)

O
~—

d)

Filter RLR (14.7)

R+ joL
R-jal U, R 1 R+ jol R+ jol . oYY .
R” L: N —_— = - = - = - - = - ~ P, 9
R+ jolL U, R+ R-joL 14 1 joL R+ JoL+ JoL R+ j2el \
R+ jolL R+ jolL R+ jolL U1

0

R + (L)’
Uo| |R+joL| 1 @b’ 1 oR2 4 2(wl)?) = R? + 4(al)?
U,| [R+j20l| V2 [R2:(200)? ~2
R
R’ =2(wL)’ = woy=—r—
(wl) * =172
Rtjob o R40_,4 Yol 1 argl 22 |=0e
R+ j2ol R+0 ) U,
B+jL
Rejol o 0+l 1 ‘uz _os argtgj:oo
R+ j2wlL B+j2L 0+j2L 2 U, U,
w
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Filter LCR if time ... (14.8)

The figure shows a simple filter with L C and R.

a) Derive the filter transfer function U,/U,. U
b) At what angular frequency @, will the f\L c—_— | |p U
denominator be purely imaginary? Give an
expression of this frequency @, with R L and C.

c) What value has the amount function at this angular frequency, a?
d) What value has the phase function at this angular frequency, w, ?
e) Give an expression of the transfer function between 1;/U,

( Note! You already have the transferfunction U,/U, from a )

O - O

llz(a))_ _ U,(wy)
a)m—? b) w, (R,L,C)="? C)‘—L_Jl(a)x)

_ Uy(og) | _ 1e(@) _
= d)arg(ul(wx)j‘? V0,@)
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Filter LCR if time ..

. (14.8)

R-——
joC  joC R
a)b) RllC=—A% J%_
Ry LI jeC 1+jeRC ~
+
joC o
R
U,  1+joRC 1+ jwRC _ R _ i
U, jool + _ 1+ joRC  joL(l+ joRC)+R s
1+ joRC ;
= R Re22|-0 = wRLC=R w=—1_ .
(R-—@"RLC) + joL U, LC 02
o 22 R _J,. LIl R &:l:R\E
U, (R-®°RLC)+ jal JLC L U, \F L
0+ J.| = — 0
C C
R -
) ag |- | T =90 -
e -
I I 1 1 10° 10’
e) =R _9 lR:g — i:g._: > -
U, R U, U, R (R-w’RLC)+ joL
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