Adascalitei, Probleme Analiza Cir El c.a.

F.5 Analiza Cir El c.a. |

Q.1 (@) (b)

AC waveform | 5/2sin(wt) 52 cod wt)
:Sﬁcos(wt—%J = Re{[5e'°)(v2e!!)|
= Re{(5e717/2)( V2]

Peak value |5/2 52

@ @

Frequency wrad/s=—Hz wrad/s=—Hz

2r 2r
RMS value 5 5
Phase Ty 0
2
Phasor 56" =5 /-90° 5°=5/0°=5
(c) (d)
AC waveform | 1042 sin(20t +30°) 1204/2 coq 314t - 45°)

= 10v/2 cod 20t - 60°)

= Ref(10e717%)(/2e1 2|

= Re{(120e717/4)(V2e!*4)|

Peak value | 10/2 12042
Frequency 20rad/s=3.18Hz 314rad/s=50Hz
RMS value 10 120
Phase 60 LT
3 4
Phasor 10e* =10/-60° 120e”"* =120/ 45°




Q.2

Q.3
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(e) ®
AC waveform | r( At % j 0.25c0d 2t +100°)
= 0177+/2 cod 2t +175)
T T
= 35472 CO{‘” "3 2" ”j = Rd{(0177617%)(v/2¢/)|
= Ref(35.4e/7/°)(/2¢1*)|
Peak value 50 0.25
Frequency 4rad/s= 0637Hz 2rad/s=0.318Hz
RMS value 35.4 0.177
Phase 16[= 30° 175= 100
Phasor 35.4e"°=35.4/30° 0.177e'*"°= 0.177/100°
a 100 i 200 . .
@ eV Re{(%)e’”/‘sj(ﬁejmom)}:10000 314t+%jv
j/3 . .
O 1153V o (11501713)( 261907 = 115y2 co{314t +%j v
(© | -012e7"*A | Re|(-012¢717/%)(2e1%7!)] = Re|[ /7 012¢717/4) /26107 |
=0122 cos(314t +?’ZJA
(d) | -0.69/60°A | Rel(-069e!"/%)(+2e/1°"!)| = Re|( e/ 0.69¢!"/%)( /21107
= 0.69+/2 cog 314t +4?”j
2r
= 0.69/2 cog 314t — ?jA

From vg(t) = 1242 cog 2t) V

Frequency = w=2rad/s
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1

Impedance of inductor = jw2=4)Q

V,=12e/°=12
I o
- ° All units in
V,A,Q
VLT
Ir J— TVC
W] &

V
|R=?R=4 = ig(t) =42 cog 2t) A

V, =(4j)1g=16]V = VL(t):lﬁﬁcog(ZH_%jv

Ve =Vg +V| =12+ 16]

=gt og O 54 32-08+ 24
=lot g = 5 —4+24]-32=08+24]
Imag
|
24|

gl =tan (3)

0.8 Redl

1| = |08+ 24| = /08 + 24 = 253

Arg[I]=Arg[08+24j] = tan—{%j ~125

| =08+ 24j =253 = 253/2coq2t+125)A

Q.4
Impedances and phasors

v(t) =50v/2 cog 1250t +30°) V. = V =50/ ¥ v,
3
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Impedance of inductor = j(1250)(0.02) = j25Q

| 1
Impedance of capacitor =056 50002)

=— j40Q

All units in
V,A,Q

20? YA

— j 30° ]
3 v

—-j40| — VA

o158 0
Total impedance =20+ j25- j40=20— j15= J20?+15%e (2") =259 ()

= v _ 50e!*’
20+ j25- j40 25ei-%

— 2ej66.9° A

VR =20l = (20)(2ej66-90) — 4Oej 66.9° Vv
V, = j251 =(25¢/% )(261%69") = 50e/1%65" v
Ve =—j40l = (4oe—j90°)(2ej66.9°) _goe 1By

Phasor diagram
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Imag
All units in
V, A Q
VR
V =V +V +\
Red
VC

\k in phase with |

V. (I lags V, by 90°)

V¢ (I leads \; by 90°)

Q.5

Components
The impedances of series RL, RC and LC circuits are

Ze =R+ joL =R+ j1007 L

20+ j30 must correspond to a series RL circuit with components:

30
R +j1007 L, =20+ j30 = R =20Qand lem:0.0QSSH

10— j15 must correspond to a series RC circuit with components:
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' 1
) =10-j15 = R,=10Q and C, =——=2123 uF

Re- 1007C, 1007 (15)
Circuit admittance
1
Circuit impedance = Z =(20+ j30) [|(10- j15) = 1 1
20+j30 " 10— j15
o . 1 1 1 20— j30 10+ j15
Circuit admittance=— =

Z 20+ j30+ 10- j15  202+302 1074152
= 00154 j00231+ 00308+ j0.0462 = (0.0462 + j0.0231) Q"'

Power factor
value = cog Arg(1) — Arg(V)]

Power factor = eecing/ o _ [leading, Arg(1) - Arg(V) > 0
"NITTAIINI = | ogging, Arg(1) — Arg(V) < 0

Arg(l) —ArgV) = Arg(l—j = Arg(%) =—Arg(2)

Vv
= Arg(0.0462 + j0.0231) = tan'l[%j— 0464
—Arge PR =1 \00462) =

value = cos(0.464) = 0.894 0894

Power factor =

_ ) leading, 0.464 >0 leadin
Ieadlngllagglng:{lagging 0.464< 0 9

[Value of p.f.= cos 8|

[leading p.f.as | lags V|

1
00231 -~ ' Z
0 3 4

0.0462 Redl

v <

F.6 Analiza Cir El c.a. Il

Q.1  Circuit diagram
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—— N All units in
4 e Iy V,A,Q
3 § 71007L] |
20 | | _ o
| . Equivalent circuit
| ? [RI . for coil
50Hz 1l 1
Main equations
9
|Vo|tage across 4Ql=|4ll=9 = |I|:Z
|Vo|tage across coil| :‘I(R+ j10072 L)‘ =14
_ 14 4 2 2
|R+J314L|=m= /=622 = R’ +(314L)° =3872

|Supp|y| :‘I(4+ R+ 1007 L)‘ =20

. 20 4 2 2
|4+R+1314|_|=m=2 5)=8889 = (R+4) +(314L)° =7901

Component values

((R+4)° +(3141)%| -[R? +(3141L)?] = 79.01- 3372

4029 -16
8R+16=4029 = R:T:S.MQ
R®+(314L)°=3872 = (314L)°=3872-304°=2948 = L= 314 =00173H

Power and power factor

9 2
Power absorbed by coil =1/ Rz(zj (304) =154W

value = cod Arg(current) — Arg( voltage)]

Power factor = leading, Arg(current) — Arg( voltage) > 0

leading/ lagging =
Ing/lagging {|agging, Arg(current) — Arg(voltage) < 0

curre ntj

Arg(current) — Arg(voltage) = Ar{voltage

1
_ Arg{lmpemj = — Arg(Impedance)
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value = cog Arg(impedance)|
Power factor = leading, Arg(impedance) < 0

leading/ lagging =
ngriedding {Iagging,Arg(impedance)>O

Arg(impedance) = Arg(R+4 + j314L) = Arg(304+4+ j314x 00173

. 543)
= = -1 — =
= Arg(7.04 + [543 = tan [7' 0657

value = coq 0.657) = 0.792

leading, 0657 <0 )= <
lagging, 0.657 >0

0.792
Power factor =

Ieading/lagging:{ lagging

Q.2 Load current

All units in

T V,A,Q
\Y, —2000 Z

actual power . 052 10000
apparent power "~ 2000/, |

Load power factor = = |IZ| =10A

V =2000 All units in

> V,A,Q
\I Lagging power factor
A

|, lagsV

05lagging _ cos[Arg —ArglVv ] 05
loadp.f. Arg(1,)—Arg(V) <0

Arg(l,) =+cos(05) =+105
Arg(lz)<0
= Arg(l,)=-105
: :||Z|ejArg[IZ] — 10071195 A

Power factor improvement
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I

IC
JE 7
2000 —— j314C

50 Hz Load

I =( j314C)(2000) = j628000C
| =1, + 1. =10e"1*% + j628000C = 5+ j(62800C—8.66)

09lagging _ codArg(1) — Arg(V)| = 09 _ <Arg(l)=i0.451>
overallp.f. Arg(l) —Arg(V) <0 Arg(1) <0

628000C —8.66

= Arg(l)=—-0451 = tan'l[ c j =-0451

_ 866 5tan(-0451)

= C 525000 = 00000176F=17.6u F
unit - =
y codArg(1) - ArglV)] =1 _ Argl1)=0
overallp.f. Arg(1) - ArgV)=0

628000C —8.66 866
an'l(—j =0=C =0.0000138F=13.81 F

5 ~ 628000

08leading codArg(1) - Arg(V)| =08 <Arg< ) =i0.644>
overallp.f. Arg(l) - Arg(V) >0 = Arg(l) >0

628000C 8,66
= Arg(1)=0644 = tan'l(—j: 0.644
866+ 5tan(0.644) _
= 28000 = (0000078F=7.84 F

Q.3 Power
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All units in
V,A,Q

O T[]Z=R+jx

Electrical system

\% V

a+ jb) +(R+ jX) (a+ R) + j(b+ X)

—————————————————

2=

Vv, = IZ(R+jX>

Power absorbed= p=RdI,"V,]|= Re[|lz|2(R+ jx)]

=|1[* R R+ jx] = R [
1 v [ R
Ta+R)+ jlb+X)| ~ (a+R)*+(b+ )

Maximum power transfer

For maximum p, the denominator should be as small as possible. As the numerator
does not depend on X and the smallest value for (b+ X) is 0, maximum power will be
absorbed if

Thus, maximum p occurs when
R=a
and the maximum power transferable is

VPR ME NP

" (R+R® 4R 4a

10
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In general, maximum power transfer occurs when the load impedance is equal to the
conjugate of the Thevenin's or Norton's impedance. When this occurs, the total
impedance is purely resistive and the current and voltage in the circuit are in phase:

a+jb

— - ,
— Maximum power transfer
T Z=a-jb
v =(a+jb)’
l P |

Norton's and Thevenin's equivalent circuit

Al units in

i 10 J15 V, A Q

| AN— .
100(—30°T<) () aps S>30 _jo2s5 [] z

| 10+j15 | 4/45° >30 _ _-j25 z

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

_100e’®  100e” ¥’

=5.556/%% = 0,358 — j5.54

' 10+ )15 18e/%¥

]

]2 ) -

. . 1 1
Z, = - 25|30]|(10+ j15) = — PP S S W (-
~j25° 30 10+j15 -j25° 30 10°+15?

1 S

~ 00641— j000615 00644 54’

11



Adascalitei, Probleme Analiza Cir El c.a.
I2 =0.359 - j5.55— 4ej45° =—-247- j8.36= 8.726’”060

Maximum power transfer

From the previous problem, this occurs when

] ez

z=7, =(1556">*") = 155154
Total impedance =Z +Z, = Z," + Z, =155%*" +155¢7** = 2[155c0§548°)]

1,2, 872e 15501 g7pe
(z+2,)  2[155c04548°)]  2cog548°)

Thus, the maximum power transferable is

Re1°(12)] = 11> R Z,"]

87261 |

2

o 8.72
=|——F—— Re155¢%*® |=|———— 155c04548°
2cog548°) 1 - 2c0g548°) o 548°)
2
_8m2 ><1525: 297\
4c0g548°)
Q.5
' 100 100u4H ! Coil
—-— AN
—__ 100pF
1
Resonant frequency = =159MHz

27+(100x10°%)(100x10%2)

27(159%10°)(100x10°°)
Qfactor = 10 =100

Since the Q factor is large, the circuit is bandpass in nature with

1
3dB cutoff frequencies = 159(1+ ﬂ)) MHz

12
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6
Bandwidth = M =15.9kHz
100

Q.6

1 1

C=20--500pF = resonant frequency =
27/L(500x10%?)  27,/L(20x107%2)

712 356 KHz
JL WL
For the lowest tunable frequency to be 666 kHz:
666——7'12 = L—(—mzjz =0114mH
WL “\e66)

The highest tunable frequency is then

36 356
VL Jo114x10°?

=342MHz

13
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