Chapter 13
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10V

15ms: —10V,20ms: 0 V
20V

20 ms

2 cycles

200 uA

I us:200 uA, 7 us: =200 pA

400 uA
4 us
2.5 cycles

40 mV

1.5ms: —40 mV, 5:1 ms: —40 mV

80 mV
2 ms
3.5 cycles
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5 cycles
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12.

13.

14.
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1
T= =1 ms, 5(1 ms) =5 ms

f

®

a0 o

1 kHz
_2Ams s s
80 cycles
_ 42cycles _ 7 Haz
65

Vieak = (2.5 div.)(50 mV/div) = 125 mV

T= (3.2 div.)(10 us/div.) = 32 us

1 1
— = =31.25 kHz
T 32us

f:

Peak = 2.8 div.(10 mV/div.) = 28 mV
Peak-to-peak = 2(28 mV) =56 mV
T=2div.(5 us/div.) =10 us
5 cycles
. T
Radians = 40° =0.22z rad
180°
Radians = " 60° = Erad
180° 3
. T
Radians = 135°=0.75x rad
180°
. T
Radians = 170°=0.94x rad
180°

180°
Degrees = [%) =60°

Degrees = 1.2n =216°
n
180° | 1
Degrees = —r =18°
r )10
180°
Degrees = 0.6 7=108°
n
o= - 2 349 radss
T 18s
0= —2F — =20.94 10" radls
0.3x107" s
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2
r _785.4 % 10° rad/s

C. w= —
8x10" s
2
d 0= —"" =157 x 10° rad's
4x10" s
15.  a  @=21f=27(100 Hz) = 628.32 rad/s
b. w=2xf=2m(0.25kHz)=1.57 x 10° rad/s
c. =2rf=2n(2kHz)=12.56% 10° rad/s
d.  @=27f=27(0.004 MHz) = 25.13 x 10° rad/s
2w 0]
16. a. w=2nf=—>=f=—
/ T ! 2w
_2m_1
o f
4
=@ _T34nadls 0 Hz, T=8.33 ms
b4 2
12
b, =L 121895 o1 Hg T=523.6 ms
2r 27
o f= 2 _0000radls _ ooy 03 1y, T=1.05 ms
2w 2r
®  0.16 rad/
A f= 2 =08 9546 % 107 Hz, T=139.28 ms
21 27

17. (60°)[ r j: T radians

180°) 3
0 nm/3rad /3 rad 1 1
=~ = = = =—=2.78 ms
o  2xf  2x(60Hz) (6)(60) 360
T pis o /6
18. (30°) =—,a=0t=> w=—=——7—=104.7 rad/s
180°) 6 t 5x107s
19.  a  Amplitude =20, f= 2 =371 _ ¢o
2 2
b. Amplitude =12, /=120 Hz
c.  Amplitude=10°, = 2 -10000radls _ o5, s mz
2w 2
d Amplitude=8, /= 2 - 10:058rads _ | ¢ rns
2r 21
20. -
21, -
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2 2 1
22. T:—”:—ﬂ:40ms,—cycle:20ms
o 157 2

23. i=0.5sin72°=0.5(0.9511)=0.48 A

24. 1.271{180 J =216°

T
v=20sin 216° =20(-0.588) = -11.76 V

25. 6x10°=30x107sin &
0.2=sin o
a=sin" 0.2 =11.54° and 180° — 11.54° = 168.46°

26. v="V,sin o 30°  1ms
40 = Vm sin 30° = Vm (05) 360° - T
.-.Vm:ﬂzsov _ 360 _
0.5 T—lmsﬁ =12 ms
1 1
= —=——— =83.33Hz
/ T 12x107s

=27 f=(27)(83.33 Hz) = 523.58 rad/s
and v = 80 sin 523.58¢

27. -

29.  a.  v=6x10"sin (27 20007 + 30°)
b.  i=20x 107 sin(2z 607 — 60°)

30. a.  v=120x 107°sin(2z 10007 — 80°)

31, v=12x 107" sin(2z 2000z + 135°)

32. v= 8% 107 sin(2z 5007 +7/6)

33. v leads i by 90°

34. i leads v by 40°

35. v =2 sin (ot — 30° + 90°)
M .
+60° in phase
i=5 sin(awt + 60°)

36. v =4 sin(wt + 90° + 90° + 180° = 4 sinwt

. ] 19(°
1= sin(wt +10°+ 1800) — Sll’l(a)t+ 1900) ileads v by 90
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37. T=

2
38. 0=2nf= —
/ T

2% 15566 us

® 50,000 rad/s

( 40° ( 40°
= [3600] (1) = [3600] (125.66 us)

=13.96 us

39. T=1ms
fpeak @ 30°
30°

1
tocak = —— (') =—ms
ik = 305 ) =13

40. a. T=(8dw)(1 ms/div)) = 8 ms (both waveforms)
1
b. f=—=—— =125Hz (both)
8 ms

c. Peak=(2.5div)(0.5 V/div.))=125V
Vims = 0.707(1.25 V) = 0.884 V

d.  Phase shift =4.6 div., T= 8 div.
0- 4.6 div.

8 div.
or e leads i by 153°

X 360° =207° i leads e

_0+(6V)(5ms) + (3V)(10ms) —(3 V)(10 ms)
B 30 ms

41. G

_30V+30V - 30V
30

=1V

1 1 1
5(1 yV)(lO}zs‘S+ 6 uvxlo}gj— ¥ ;N)(loﬂgﬁ 2[2(4 /N)(s}ng - 5(2 uvxlo/m

42, G =
40 y”
_SuvV+50uV =20V +20 uV -10uV 45 uvV
40 40

=1.125 uV
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43. ~(6 mVY1 ph+ (8 mV)(; )+ (6 mV(3 1) - ;(2 mV)S
) 14

3 -6mV+4mV+18mV-5mV 3 +22mV -11mV 3 11 mV
- 14 - 14 14

=0.786 mV

0 +l (30 mA)(3 ms) - l(20 mA)(2 ms)
4.  G=—2 2

7 ms

=45mA—20mA —3.57mA

45. a. 0V

(4 V)(5 ms) +% (8 V)(5 ms) = (8 V)(5 ms) +(4 V)(5 ms) +% (8 V)(5 ms) = (8 V)(5 ms)
b. G=

25 ms
_20V+20V-40V+20V+20V-40V
25

=0V
c. The same

1 1
46.  Area= > () = EE(ZO mA)’ = 628.32 uA

oo 62832 pA _ 62832 uA

d 40 mA
_ (1571 mA)(%) - (5 mA)(x)

2x

=15.71 mA

G

=5.36 mA

47.

®

T=(2 div.)(0.2 ms/div) = 0.4 ms

b. f:l= ! =2.5kHz
T 04ms

Average = (—2.5 div.)(10 mV/div.) = -25 mV

e

48.

®

T= (4 div.)(10 us/div.) = 40 s

b. f:l= L oskmz
T 40 us

_ (25div)(1.5d7) + (1div.)(0.54157) + (1div.)(0.6 ) + (2.5 div.)(0 4. (1 div.)(Lék¥))
4 div”
_ 3.75div.+0.5div.+ 0.6 div.+ 1 div.+ 1 div.
4

c. G
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49.

50.

51.

52.

53.

54.

_68div s

1.713 g1 (10 mV/div.) = 17.13 mV

Vims = 0.7071(120 V) = 84.85 V
Lms = 0.7071(6 mA) = 4.24 mA
¢ Vims=0.7071(8 V) = 5.66 uV

o e

v =6.79 sin 377¢
i=170.7 % 1073 sin 377¢
c. ©v=2.83x10°sin377¢

o e

. \/(ZV)2(4s)+(—2V)2(1 )+ (-1 VP (4s) \/16V25+4V25+4V2s
i 125 125

_ paviy
125
=1.414V

2V?

- \/(3 VY (25)+(2 VY (28)+(1 V)*(25) (-1 V)’ (2 5) +(=3 V)’ 2 5) + (1 V)*(2s)

12's
= f—gvz =V4.167V*=2.04 V

_ 8V)4ms)-(8V)4ms) 0
8 ms T8 ms

y _\/(8 V)*(4 ms) + (-8 V)*(4 ms) _

G =0V

8V
8 ms

a.  T=(4div.)(10 us/div.) = 40 us

1 1
f= — =
T 40 us
Av.=(1div.)(20 mV/div.) =20 mV
Peak = (2 div.)(20 mV/div.) = 40 mV

2 2
rms = \/ Vi + —Vnzla" = \/ (20mV)* + (@0mvy” I;V)

=25 kHz

=34.64 mV

b, T=(2div.)(50 us) = 100 us
1 1

f= — =

T 100 ps

Av.=(-1.5div.)(0.2 V/div.))=-0.3 V
Peak = (1.5 div.)(0.2 V/div.) = 0.3 mV

2 2
rms = \/VOZ +% = \/(.3 V)? +% =367.42 mV

=10 kHz
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55. a. A y?2

4

1 1 1 / | 0 | >
0 2 4 8 10 12
3 >
1 1
b A2 s A1= S (2)(16) +(2)(16) +_(2)(48) =96

Area = 96 + (4)(64) + (2)(4) = 96 + 256 + 8 = 360

16 %

7
/| 7
2 4

Y

c. rms= % =\/% =5.48

1
5(4)(8) +4(8) -2(2) _16+432-4 _
12 12

d G=

3.67

e. rms = 1.5 (average value)

56. a. Vie=IR=(4mA)2k)=8V
Meter indication =2.22(8 V) =17.76 V

b, Vims=0.707(16 V) = 11.31 V
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