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Complex phasors, jw-method
« Complex OHM'’s law forR L and C.

Ug =1rI[R

U =1 0X =1 HJwlL w=2nlf
1

U.= X~=1|.EF—

Uc=10Xc=1¢ 0

« Complex OHM'’s law forZ.

u=1llz| 2£=

v
|

_ _ Im[Z]
@ =argg) = arctarE RAZ ]
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w for half the voltage? (12.3)

i1

U, is a sine voltage with the angular o .

frequencyw. Decide the produd®C .
(No current is consumed &t,). o=

i )
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w for half the voltage? (12.3)

i1

U, is a sine voltage with the angular

frequencyw. Decide the produd®C .
(No current is consumed &t,). o=
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1
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w for half the voltage? (12.3)

i1

U, is a sine voltage with the angular o
frequencyw. Decide the producR[CD .
(No current is consumed &t,). - o=

1

U,=U,0O jaC ) U1 = - Rearc? =10 =5
jaC
1+RC?=4 o RaC=+3 o Rc:@
w
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Compare serial with parallel (12.5)

Ay A =2

O_F-ff?‘tc:? —c}»—?—
+ +
SOEDORE

B

When a resistoR and a capacitat is connected in parallel
to a voltage sourcd each of them get the current 2A.

How big would the current in the resistor be if th® were
series connected to the voltage source?
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Compare serial with parallel (12.5)

IRQ*ICZ
30 g SO

Parallel connection:

| =1 +|C:B+jUwC | =2+2]

- —-R = R —
h===2 l.=UaC=2 = R=——=-
R aC 2
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Compare serial with parallel (12.5)

Ay A=
Ot O
In=2 §i.=2 =
U + R C U + ?
Y A" . C
B B

Series connected:

| = = | =
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Compare serial with parallel (12.5)

A A =2
O—F‘I =2I:2 O ':I_
R C R
+ R C +
SOINIEEIONEN
B 5 I
o ° |
Series connected: As before ...
R+~ R2+(ij aC 2
JaC aC
=V Y - /2=1414A

u2+(uJ2 Ui+l
22 2
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Compare serial with parallel (12.5)

A[ A[:’?

c=2 |

CHFJR=24T: -
+ +
QL TLED 2

Pt
ot

5 |

Series connection:

As before ...
=V =Y gt
R+.7 R2+(1j C(C 2
jaC WC
U U Parallel 2A

=V2A | Series  1.4A

N

O
2° 2
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Try yourself ... (12.1)

Set up the complex expression 42—;77
for currentl expressed withU R * R=? | X,=?
C w. LetU be reference phase, ) ZAZ’ 1
real. Answer with a expression |
of the form atjb.
U .
I_:|_R+I_C:R+ =—+]aCU
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Active power In impedance

_ uf p=?
Set up an expression of the | L

active powelP for this
Impedance. There will only

O_'._MO

. : R L
be power in the resistors.
U reference phase, real.
P=1°R |= V. U = | = J
Z R+jal JRZ +(ad)?

Uu> _  RU?
E 2 2 T B2 2
R +(al) R+ (al)
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SL accesscard (13.7)

RFID — ))))
reader J<’:> ‘ (({ TAG— RX :?

// Data dut REIW
a

< Data In T r
L]
£ al |

T

SL access-card contains a RFID-tag that commurs caith
the turnstyle reader on the frequency 13,56 MHzums®s the
data transfer speed of 70 KHz.

To be able to read data in that speed then theaese
circuits inside the reader and the card must hahamdwidth
at least twice this data speedZ@=140 kHz.

fr
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SL accesscard (13.7) £ N

RFID-tag in the card concists of aR —0
parallel resonance circuit

C|L||Rl|R«. The processor in the R,
card consumes current from the ¢
resonance circuit. This is
symbolized with the resistande,. @ -

fo= 13,56 MHz 3) calculate the value &, gives the card
BW= 140 kHz the desired bandwidBW,

L=2,5uH |
r=150 b) How big current at the voltage 3V can
C=55pF the processoiRy) then take from the

resonant circuit?
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SL accesscard (13.7) £ 3

* The inductor Q-value:
0= al _ 278, [L
r r
_ 2/1135610° [(25M10°
15
» Transformation ofr
R= Q2 [ =142 15=3025kQ

 Parallel resistance to give bandwith 140 kHz

f, 135600° R,
= = =90686 = W
Qo =af = 14000 80 Qo 271F, [L

Ry, = Qg 27, [L =9686[2/7135610° [(2510° = 20,63kQ

=142
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SL accesscard (13.7) 3

Parallel resistande for bandwidth 140 kHz
R, =2063kQ

RI
a) R, =R, IR = R, =

3025(2063
R =—2~ > N0 :-64 kQ
* 3025-2063

U 3
U=IR, U=3 |l=—"= 47
b) X RX 64E|.03
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To measure Q-value ¥4,

Radio controled clock is a clock that is automatically
synchronized with a time code from a radio transnitt
Germany, on longvawe 77,5 kHz. The time sighal =t®s
of pulses encoded digitally. The signal strengtvesk so
such a receiver uses a tuned resonant circuitlwathdC.
The coil has a ferrite core, and this is also wsedn
antenna.

In a project we have to measure the Q-value tlsisnmance
circuit. How will this be done? Other values:

L=15mH
C=28nF
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To measure Q-value ¥4,

1000 L r

U, =15V Q-meter — Ys Uy =173V

U=15mV | _

Ideal emk

This is how to measure the inductor’s Q-value.

U, = 15V is a sine voltage with the frequency 77,5 Ktte
resonance resonansfrequency) which is voltage eiivid 15
mV. Over the capacitor we then measures the muebi
voltageJ ;= 1,73 V.

a) What is the inductor®-value?

b) What is the value of the inductor’s internalitaascer (will

also include other losses)?
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L _ .+
c 1

! =77500°

Ideal emk

A f = =
Qmeter  ==(V)Yr ° 2m/LIT 27/15010° 280107

Check of resonance frequency 77,5 KHz

The voltage divider: U, = 15E = 0,015V
100
27fF [L EL U, Ur 1,73
a = =——={U. =U.=U = = =115
) Q =y =Ue=Ue =Und ==t
o7f L 27 F7500° 50107 Big compared with
b) r= = ’ =1633Q| 0,1Q from voltage

0 115
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Thevenin equivalent with inductor (12.4)

Determine the value of the Ri=750
—__
currentl. | =2
Use Thevenin equivalent. Y7+ RL=100
~ (D
R2
220V, 50Hz =500 XL= 400
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Thevenin equivalent with inductor (12.4)

Determine the value of the
currentl.

Use Thevenin equivalent.
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Thevenin equivalent with inductor (12.4)

R,=750

Calculate the

Thevenin o
equivalents, 220V, 50H2
andR, of this

clrcuit.
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Thevenin equivalent with inductor (12.4)

R, =75Q .
: p 7550

=30Q

Calculate the ] 75050 . Ri=100
Thevenin ur Y f\;(il:l—@—»l:l—é
equivalents,  zovsow X =400
andR, of this ——

circuit. Ey= 220+ —--=88V, 50Hz
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Thevenin equivalent with inductor (12.4)

R,=750 .
R 75:90 _300

— e B
Calculate the = ff 50 | 2p Ri=100
Thevenin Uty R=toa 7
aw
ECIUivalentEO 220V, 50Hz ) [ _500) x =400 () X =40Q
andR, of this o
circuit Ey= 220-755+O50 =83V, 50Hz
The emf and resistors — this time as with DC ciscuit
R = 75150 =30Q E,= 220570 =88V
75+50 75+50

The inductor — now it must be considered an AC discu.
U 88 88

— = |= — =
z 30+10)+ 40 /30+10)% +407

=156A
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Example. Complex equivalent

R=63Q Z,
f=1000 Hz | 5
+ L +
o1 (D ==
~ L=10mH N
U=12V
— O

a) Derive the equivalent complex circuit wigt+Z,.

b) Suppose that we can load the circuit with anmtraary
chosen impedance — how should this be composeaif on
wishes the power in the load to be the maximum?
(Maximum power transfer theorem).
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Example. Complex equivalent, E,

R =630Q Zy
f=1000 Hz | 5
+ . +
o1 (D =& ()
~ L=10mH N
U=12V
— O

E, Is calculated as the divided voltageUlfs the reference
phase we gdf, 8,47 V and gets the phase’46 U.

If there are no other voltage sources or curremtcsEs in
the circuit then we don’t have to keep track onghase, as
E, might as well become the network's new reference
phase!

joL .. j2m70000D,01 _ S ~
E,=U =12 =6+ 6 =J6+ & = 8,48\
=% T R+jwL 63+ j27100000,01 I
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Example. Complex equivalent, Z,

R =630Q Zy
— —O
+ . +
e (D =& ()
~ L=10mH N
U=12V
- O O

Z, 1s the impedance we see if we turn ddwn

Z = R[J.a;L _ 63[]?n1000[ 001 - 314+315]
R+jal 63+ j27711000C001
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Maximum power, X

The equivalent circuit is 8,57 Van “17>14%19
emf with internal impedance L 50— P
ZI = 31,4+31,51 e, +<>
av
=8,47V

O

e Maximum power .

At resonance inductance and capacitance cancelo#iaeh This
will maximize the power in the load. Therefore, thad this time
should be capacitive (-31,5)).

When the two reactances cancel each other thatdoecomes

completely resistive. What load resistance willegiie maximum

power?
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Maximum power, R,

P=RO? I=—= = p=gg_ % _ R
R+R (R+R) o

When doP(R ) have a maximum? (You. C) y .
get simpler calculations if you turn to the m )

question to "where is 1/P minimum”). 0

R KRR 1 o R
PEOEQRL R TPUR TR RTARTR

d(1y_df1 R _,_R_
dRL(Pj da(EémR”ZWR] TRt = RER

Maximum transfered power if you choBe=R,.
(R =31,4Q).
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The maximum power

How big is the power folR = R S

(Maximum power)? . _:“"i_ P = Max ?
> Fo Ul R

P=E R R=R = Rux= S <> m L

(R+R)’
How big are the losses inside the equivalent diPcul

If R =R the power is divided equal between the internal
resistance and the load. This means that the Tlherma
efficiency will be 50% (= bad).

Maximum power transfer, impedance matching, is aisigd
when neccessary, such as for radio transmitters.
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Maximum power transfer

Z ;= 31,44+31,5j¢—

max

—
+

:ZT Eg ()
— aw

N T

O

2
AN PW\

X =0

=31,4-31,5]

At power match with a load equal to the complex
conjugate of the internal impedance, the effect:

Pmax
4[RelZ,]
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