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Phasor - vector
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What's inside the circuit? (11.4)
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What's inside the circuit? (11.4)
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Phasor chart
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Phasor chart
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D—

Ug =4U2-UZ =

Ig=1c=1

Up LU
U?=U2+U2

The two voltages have 90
phase angle. Pythagorean
theorem applies!

/52_42 _

3

| =—R =247

Now all values are known!
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Phasor chart
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Phasor chart (11.6)

U =200V, f=50 Hz,
L= 0,318 H,R, = 1009,
R, =500Q.
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Phasor chart (11.6)

U =200V, f=50 Hz,
L= 0,318 H,R, = 1009,
R, =500Q.

X, | =l = 2r{500,318  f =50Hz
= 1000
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Phasor chart (11.6)
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Phasor chart (11.6)

ChooseaJ, ; as reference phase ( = horizontal ).
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Phasor chart (11.6)

The current; has the same direction dgy,.
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Phasor chart (11.6)

The current, lags 90 behindU, ; and has an equally long
pointer ad becausdr, andL has the same impedance.
(X | =100Q, R, =100Q)
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Phasor chart (11.6)

The two current$; andl, can be added as vectors to the current
l. 1 is V2 longer thar andl,
(Pythagorean theorem applies!).

William Sandgvist william@kth.se



Phasor chart (11.6)

Currentl passes through the lower resid®yr The voltage drop
Ur, gets the same direction s

U, r has the lengtH;[100, Uk, has lengthl (30.

Becausel =102 we getUg,=U g/ V2.
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Phasor chart (11.6)

VoltageU can finally be determined as the vector surdgf and
URZ-

* Phasa) is the angle betwedd andl. The current after the
. . voltage - inductive
e Zis the ratio between lenghts dfandl. character
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Phasor chart (11.7)

Draw the phasor chart for this

circuit. At the frequencyf Y,
applies that{.| =Rand K | = ¥ X0 Y
R/2. U f() "c* [ /-
~
U, is a suitable reference phase. “1%e R,
— N

William Sandgvist william@kth.se



Phasor chart (11.7)

Start withU,, as reference phase ( = horizontal ).
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Phasor chart (11.7)

Currentl; has the same direction gs.
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Phasor chart (11.7)

| "I.C ‘
L +
+ XL Yy
U f() I'c I
o C | Xc R .
. U, "fR Ug
) - —

Currentl - leads 90 beforeU, and is equally long ds,
because{: = R.
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Phasor chart (11.7)

g "cr____ I=IR+IC

] f() I'c i I
v
C | Xc R N
= 9 /

Current |- and I; are summed td.

<

Y __
V

| is V2 times longer tha. and I, (Pythagorean theorem
applies).
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Phasor chart (11.7)

LY, U, Icr—_——l"z"ﬁe”c
+ X, U, I
I i I
“,{)CD v |
C | Xc R .
- U, Y IRl
: V2 —

U, leads 90 before I.
The length idJ; = IX = V2ILIR2 =R/ V2
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Phasor chart (11.7)

I ]
“,{,CD e |
C | Xc R . P I
— U, UZ "sz Uz
: V2 L

VoltageU, andU, are summed to voltadée.

William Sandgvist william@kth.se



Phasor chart (11.7)

I ]
“,{,CD e |
C | Xc R . P I
— U, UZ "sz Uz
: V2 L

One can see from the chart thhtbecomes equal long ta,.
The anglep = 0 and therebl andl are in phase.

Inductive or capacitive character?
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Complex numbers, jw-method
Complex OHM’s law forR L and C.

Ug =1rI[R
U =1 0X =1 HJwlL X =wl

1 1 w=2nlf
U.= X.=l.EF— Xo=——
Uc=10Xc=1¢ jwC c oC

Complex OHM'’s law forZ.

u=1llz| 2£=

U _ _ Im[Z.
T ¢ =arg(Z) = arctarE RAZ ]
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Jw Impedance (12.2)

I =10A
O
/= 10A
= U =220V
1/*} U=220v S0Hz
|:|_.
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Jw Impedance (12.2)

Re J’=1[lf3h

Im(1+ [ =10A
Vi Nced
— : = U =220V Z =7

——

KMF_)QL U=220v 50Hz

|:|_.

One can imagine that the phasor chart shows thgxm
plane, and then splitting the current phasor inlneart and
Imaginary part:
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Jw Impedance (12.2)

g 220

| 10C{cos@B0°) + j Bin(30°))
220 (86-5j) _1892-1100
86+5j (86 5)) 99

=191-111]
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Jw Impedance (12.2)

[=10A
O

U =220V Z=72 Z===191-111]

50 Hz
O—.

Y
L}

e One possible solution is then a series circuit Wi#mdC

_ 1 Capacitor has negative
R=191Q Xe = WC -111 reaktance.
1 U, f 19 1- ]\1/1 1]

C = oamon1iy o L
@ ’—@

William Sandgvist william@kth.se



Jw Impedance (12.2)

/ =
. = 10A
I { I = 10A |
30° - u=220v | | z=2
PJZ U=220v 0Hz

E]_.

« Another possible solution is a parallel circuitiwir’ andC’
one then thinks ol as divided in taurrent composants

and

lc

which are perpendicular to each other.
O——s
Uf Ir Ie
v
' C'
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Jw Impedance (12.2)

/= 10A ,
Ut q IR] [ lc]
u=220v | [z=2 ¥ IR Y
50 Hz
o— O l
oY U 220
|| Icos30° 10087
I><'CI=U =9 - 20 _ o
.| 1sin30° 10LD5
1 1
X.]=—" = C'= =726
Xl «C' 2715044 Hr
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Jw Impedance (12.2)

[ =10A

+ /= 10A e
KO
- - U =220V Z =7

K,L_Jr)gé U= 220V

Is there any way to find out which of the two preed circuits
Z actually contain?

U f
v

TR c 7

-] o

|:|_.
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Complex impedance (12.6)

Determine the complex impedangg; of this

circuit.
Ao T
— - 10Q 3 ZOjQ

AB ‘
207 Q
— 150

Z

Bo .
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Complex numbers calculation

_ 15+ 201 (10— j20) _

=" 15+ j20+10- |20 Ao
- |:Ii|1OQ 320‘19
ZAB

_ 550-{100
25 _[20ie [h
S 150

=22- 14 [Q] B o

Here the denominator directly was a real numbeti®sre no
need to multiply with the complex conjugate ofdarominator,
otherwise the calculations had been moore extensive
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Complex numbers calculation

_ @5+ )20 1d0- 20 _ — [I]“m gzon

= AB i ) AB
15+ j20+10- j20 06
. ) — 15Q
5 “:L(..'i.5-I{-i-:20i)"(10-20i)l((15+10)+(20-20)i) =(22-4i) B o
= (22-41) Online Scientific
Calculator
(15+200)*(10-20i)/((15+10)+(20-20)i)
[reset] [ ot J{rnd ) [ J ][ JC* JCe J[Ae 1]
[orefs (e J[ i |[Tans |[Tabs |[sart |[ 7 |[ &8 |[ o J[ x|
| rou und | [ i tHIg][ Hsin][tan“ 4 |[ s || 8 [ - |
[ J(ged | [pem ] [(acos | [(asin | [atan |[ 1 |( 2 J[ 3 J[ + |
[cis [ tem |[comb] [t |[sinh|[cosn][ o J[ . J[ = ]
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"heavy" calculations! (12.9)

e Calculate impedancé 1=7?
 Calculate current
 Calculatél - (current branching). | ---

. . R.=
« CalculateU, (voltage divider). - 1=30
_l_
U, f C) : +u _,?
~ X, =6Q ) L ="
U=30V R,=20
C |

X=-8Q Y I.=?
|
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Calculate impedance Z

7, = 2LC8) (2+8) _

2-8] 2+8] -
= 188- 047] U f+<
LZ=R+ X +Zge = =30V

=3+6j+ (188- 047]) = 488+ 553]

Z =,/ 488 + 553 = 738Q
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Calculate current |

U is reference phase, real.
30 D(4,88— 593)) _
488+ 553] (488- 553))
U, f+(

1465-1659] . u=30v
= =27-3
488° + 553 J

=2 =
L

| =277 +3 =4A
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Calculate current |

o= (2,7-3)5 2 =
2-8]

=1 :
R, + )X
_ (2,7- 3!)[QD(2+ 8.j): 0.86+ 0. 46 U, I\JC
2—8] (2+ 8j) U=30V

C

l. =+/0,86" + 0,46 = 0,98 /
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UL[CompIex Conjugat% method?

_ X,
T X +Zge +R
_ J _ur(
=30 - - — U=30V
6]+ (188—047))+3

—30_ % @EMBB_ 553& =183+162]
488+ 553j | (488- 553@

U, =+/183°+16,22 =244V
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Amount and phase

Z=Z,

IN

I
|N\|N
N =

2

Z|=|Z,[Z,|=|Z,|[Z,
arglZ) =argZ,) +arg(Z,)

45271z
|z

arg(Z) =argiZ,) —argiZ,)
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UL{amountJ [phase] method?

Amount] phase method, the polar form, often gives
simpler calculations, but nowdays most math progrand
pocket calculators handles complex numbers directly

U :U JXL — O 6] —
X *+ZgetR 6j+ (188-047)) +3
- 5 )
:304 8?—15 3':30 * o 553) |
88+ 503 J 488 + 553 J ] arctarE"S]
_ 488))

_ 200 4860 -
=302 U0 486°) 5 24,40/414°]

U, =244V
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Derive the complex current | (12.7)

Set up the complex currehfwith U as I=?

reference phase). =

Notel One does not always have give the R
answer of the forma+jb. The same +
information, but with less effort, one gets if ttY, C) C
answer is expressed as a ratio of complex o —

numbers. Amount and phase can if necessa
be taken from the numerator and the I\

denominator directly.
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Derive the complex current | (12.7)

Set up the complex currehfwith U as I=?

reference phase). =

Notel One does not always have give the R
answer of the forma+jb. The same +
information, but with less effort, one gets if tHé: C) C
answer is expressed as a ratio of complex o —

numbers. Amount and phase can if necessary
be taken from the numerator and the \

denominator directly.

_[a+ib
o+ d|

Notel

I_a+jb

= I
- c+jd

arg(l) = arg(a+ jb) - arg(c + jd)
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Derive the complex current | (12.7)

Set up the complex curreh{With U

as the reference phase).

1
R+ Hdat é+jaj_R

;:

R+jal+——  R+jlal——1)
jaC aC
| 1
R+i(cl- —
| J( :)

=U

IN| C

L riar
C

Sufficiently simplified!

That it isU which is the
reference phase can be
seen that we let the
voltage be a real
number!
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Derive the complex current | (12.8)

Set up the complex curreh{With U
as the reference phase).

U}

Now it will be easier! The voltagd is
located directly across the parallel
branch with the inductande (We need
not concern ourselves witkand C)

U U

ol Tl
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