SoLuTtION SET IV

EXERCISE 1V.1 : PERIODIC FUNCTIONS

T
Average value : _1 I f (t)dt Rms value : £2(
TO
Function 1 : [z T /2
U, ==| [ Gdt— [Tdt|=0 U= jUdt+jUdt =0U=20
T| 5 /2 T /2
U, =0=20 U, =-20V
Function 2 : /2 /2
1 - 1~ I frn 1 ~ 10
U =—|Udt==-U=5 U= |- |Udt=—<U=—V
moT ! 2 — T ! 2 2
U, =0=10 U, =0V
Function 3 : 1 (12 T 1
U,==| [0, dt— [0 a {10——20 } 5V
o T/2 T
kG 1, ,T T
U= |— jU dt+.|.U dt —{102—+(—20)2—}:\/250z15.8V
T o T 2 2 =
U =U,=10v U_ =0 =-20V
Function 4 : 1 T
=—IIs1n(03t)dt ———Icos(— j =0A
0 T T 0
T
l} sin®(otydt = |12 Li— 221 1 _na
T T 4.7 T V2 —
T 0
[.=2A [..=—-2A
Function 5 : T/2
/2
EJ. Isin(wt)dt = - Icos[—ntj :EI—iA
Ty T T T T
T 0
T)2
/ A
EJ. sin’(ot)dt = 2p lt— ! sm(22tj L _aa
T 2 T V2 —
T 0
I =2A I . =0A
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Function 6 : T/2
T/2
I :l I Isin(ot)dt = — 1 icos[z—ntj :lf:gA
T 2n T T T
T 0
T/2
T/2 A
= |1 Iizsmz(mt)dt Y N sm(22ltj loia
Ty 4 T 2 —
T 0
I..=2A I.,.=0A

EXERCISE IV.2 : EQUATIONS IN A AC CIRCUIT

A. Definition of voltages and currents :

The choice of the direction of the voltage drops as well as the designations of the voltages and
currents is only one solution among others (convention).

B. Ug, =R, 1, C. Upg =R I,
Ug, =R, i, QRZ =R, I,
1 ¢. _ L
u. =— |i,dt+u, (t = T
C Cl tJ; 2 Cl( 0) J(DCI
. I
I ¢. C, =,
U —J.ldt+ucz(t0) o joC,
C2 to .
. [_JL1 = JjoL, L,
. di .
U, = Udt U, =joL,l
di I=],+1,
U, = 2 4
g:gl+g2
1=1, +1, [_J] :[_JRI +UL
u=u, +u
: 2 [OF :[_JC, +[_JR2
u, =u, +u
: f b u, :[_ch +U,
U, =Uc +Ug
U, =uc +u

D. There are 11 equations, 12 unknowns. It is therefore necessary to know a current or a
voltage in addition to the value of the components of the circuit.
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E. Fromu; =20 \/5 cos(wt) we get: U, = 206"
U, =U;, +U, =R [ +joL,I, = (Rl +j(DL1)11
R, +joL, =4+j31416-25-107 =4+ 7,854 =8,814¢'"* O

_ U 20¢"
R, +joL, 8814e/"

=2,269¢ 7% A = (1,030 - j2,022) A

L

Up =R I, =4-2269¢7%° =9,076¢ 1™ V = (4,12~ j8,087) V

U, =joL 1, =7.854e' -2,269¢ 717" =17,821e/""" V =(15,88 + j8,09) V

1 1
U, =Ug, +U. =R, 1, _J(D_lz :LRz _J_) I,

R, - j—— =8-j6,366Q=10,224¢*° Q
ol
jo° .
I, = U o 20e — =1,956e** A =(1,531+j1,218) A
.1 10,204e77%3
R,—j— ’
oC,

Uy, =R,1, =8-1,956¢"™ =15,648¢"""° V =(12,246+j9,74) V

L 1956e%
joC, 0157¢!*"

=12,452¢ 7% V =(7,75-j9,745) V

Y,

I=1,+1,=1,030—j2,022+1,531+j1,218=(2,561— j 0,804) A = 2,684¢ /'™ A

I 2,684

, —_ =8543¢ 771 V =(=2,555-(8,152) V
joC,  0.314¢7%°

U, =joL,1=1571e""" -2,684e """ =4217¢)™° V =(12,61+40,24) V

U, =U, +U, =-2,555-]8152+12,61+ 40,24 = (10,06 + j 32,09) V = 33,63¢!* V

U=U, +U, =20+10,06+j 32,09 = (30,06 + ] 32,09) V = 43,97¢*° V
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F. Complex diagram of currents and
voltages

Scales :

U:1lcm< 5V
[:1cm<«>0,5A

EXERCISE IV.3 : CALCULATIONS OF IMPEDANCES

A. Impedances

2
Z, :R"‘j@L“‘;=R+jw:(4+j3,04)g)=5€j37,20 0
joC oC

. 3RT2C i (R2 4 272 _ 22 o
1 +RJO)L:CORLC J(R +o®°L (DRLC):(3’20—j3)38)@:4,767‘”6’5 0

=7 joC R+jol oC(R* +0’1?)
1.
z, =R+ =R+j°°—2 =(4-j13,12)Q=13.7¢"7" Q
1 . l1-o°LC
——+joL
joC
s
] . 2p 2 2 2
Z,=joLs—A0C _RAIJO@RLICHL-RO) _ ) 43,1606 Q=650 0
R4 1+ (oRC)
+—
JjoC
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R-joL 1
: . 272 o R2T (2T o
z,=Rtjok jo€ o R —JORLOLE-D _ 34 i112)0=387" 0
R-J(DL+ 1 R*(0"LC-1)" +(wL)
R+joL joC
1
R+job) ¢ R-je(e’C+RC-L) o
Z, = jo€ _R-| . ) —(392-j795) Q=8.6¢77" O
RijoLs | (@LC=17+(0RC)
joC
R'[j oL+ 'ij R(0’LC -1)’ = j oR>C(0*LC ~1)
Z, = 19~/ - —) ) ) 146+ j193) Q=256 O
(. 1 j (0’LC—1)? + (wRC)
R+|joL+-——
joC

B. Currents and voltages (I designates the total current)

Units : Vet A. Scales: 1cm<1V;1cm< 0,25A

Izzg—o,s-e-w" = 0,637 - j0,484 Im U,
=1

1=32-¢77" =2,549-71,935
6,409 -¢°*% =3,875+ 5,105
=-3,979-¢ 1" =—-2,406—-3,169

g:

IN |N r;g

Lol=
o1

I
=
&

\ i
Y

| e
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1= 0850 0,585+ 0,617 Im

U.=2Z,1=4233.¢7%" =3,070-j2914
. =3,058-¢'" =0,930+j2914

C
~
I
=
|
=

I, = IR 7647 20,2324 0,729

R
[, =1-1, =1,391-¢7"% =0,353-j0,112
Ic=1
1:£=0,292-e”3° =0,085+j0,279 A
Z, Im Ic
U, =R-1=1168-¢'" =0,341+j1,116
U.=U-U, =3826-¢"" =3,66-j1,116 1/ Ug
UL=Uc N
e Re
U j73° . v i
I.==%=0,769-¢'" =0,224+0,736 /
/
=C
I, =1-1.=0478-¢7"" =—0,139-j0,457 1, e
k=1
I= Jg. 0,615-¢' % =0,2285-j0,5714
Z, ——— rd -
m =L
U =2, 1=493-¢"" =4577+ 1831 !
. o . /
U, =U-U, =1,92-¢7"" =-0,5773-j 1,831 U/ Re
Uc =Ur ; —» >
I_C —~ -
8] . 1
[, ==2=048-¢7""" =-0,144—-j0,458 /A7)
R HR"/~.. /
I.=1-1, =0386-¢7"" =0,368—-j0,116 -1
LL=1
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I= zg =1,045-¢!"%” =1+ 0,304 Im
=3 lcﬂ _________ |
|
Ur=UL=Uc=U |
|
. .
IR:%:—I'GJO =1+j0 ~»'
- ono U R
Ingzobs.e_Jm) =O—JO,5 —;I :e_
ZL =R
I.=1-1, -1, =0,804-¢"*" =0+ 0,804
I,
s A
u I= = =0465-¢'" =006+ 0,418 Im
Zs Ik,
L= _0804-e =0+ 0804 \\
=C ZC > J 5 \l HL
I, =1-1.=0,439-¢7% =0,206— j 0,387 \ \
_ |
L=I | Uy Re
U, =R-1, =1,754-¢7% = 0,824 1,548 I _ 7
U, =U-U, =3514-¢/* =3,103+ 1,651 L
Ur' 1
Uc=U 1p
1= =1654-¢7% =1-j1317
Z7 -
IR:%:I-eJO =140
[ =I-1, =1317-¢7"" =0-j1317
Ie=1L
U =2 -1 =1055-¢"" =10,55+j0
EC:[_J_HL:6355'ej18002_6a55+j0 Scale:1ecme©2Vi;1lem«e0,5A
Ur=U
Im“
AHC H‘ Hl_ Rf
< o L _Re
|
|
|
Loy _ _ 11
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