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CHAPTER 2

POWER SEMICONDUCTOR DIODES AND CIRCUITS

Problem 2-1

^tm~ 5 us and di/dt = 80 A/MS

(a) From Eq. (2-10),

QRR = 0.5 (di/dt) trr2 = 0.5 x 80 x 52 x 10"5 = 1000 |JC

(b) From Eq. (2-11),

— = V2x 1000x80 = 400 A
dt

Problem 2-2

VT = 25.8 mV, VDi = 1.0 V at IDi = 50 A, and VD2 = 1.5 V at ID2 = 600 A

Taking natural (base e) logarithm on both sides of Eq. (2-3),

l-u, T — TV, J _L D

which, after simplification, gives the diode voltage VD as
/• \

vD=TjVTIn\D

If IDI is the diode current corresponding to diode voltage VD1, we get
/ -^

L
Vm=fjVTIn\D\, if VD2 is the diode voltage corresponding to the diode current ID2/

we get

'/,
V -nV Jn\' D2 — / T \

Therefore, the difference in diode voltages can be expressed by



Y -V -nV Jn\ D1 VD\~rlVTm\D2
L

(D\)

(a) For VD2 = 1.5 V, VDi = 1.0 V, ID2 = 600 A, and ID1 = 50 A,

1.5-1.0 = 77x0.0258x/«| — ], which give ^ = 7.799

(b) For VDI = 1.0 V, IDi = 50 A, and t\ 7.999

501.0 = 7.799 x 0.0258 In , which gives Is = 0.347 A.

Problem 2-3

VDI = VD2 = 2000 V, Ri = 100 kfi

(a) From Fig. P2-3, the leakage current are: Isi = 17 mA and Is2 = 25 mA

IRI = VDI/RI = 2000/100000 = 20 mA

(b) From Eq. (2-12), ISi + IRI = IS2 + IR2

or 17 + 20 = 25 + IR2, or IR2 = 12 mA

R2 = 2000/12 mA = 166.67 kQ

Problem 2-4

For VD = 1.5 V, Fig. P2-3 gives IDi = 140 A and ID2 = 50 A

Problem 2-5

IT = 200 A, v = 2.5

Ij = i2i ix = iT/2 = 200/2 = 100 A

For Ii = 100 A, Fig. P2-3 yields VDi = 1.1 V and VD2 = 1.95 V

v = VDI + Ii Ri Or 2.5 = 1.1 + 100 RI or Rx = 14 mQ

v = VD2 + I2 R2 Or 2.5 = 1.95 + 100 R2 or R2 = 5.5 mQ

Problem 2-6



R! = R2 = 10 kft, Vs = 5 kV, Isi = 25 mA, Is2 = 40 mA

From Eq. (2-12), ISi + IRI = Is2 + IK*

or Isi + VDI /Ri = IS2 + VD2 /R2

25 x 10"3 + Voi/10000 = 40 x 10"3 + VD2/10000

VDI + VD2 = Vs = 5000

Solving for VDi and VD2 gives VDi = 2575 V and VD2 = 2425 V

Problem 2-7

ti= 100 MS, t2 = 300 MS, t3 = 500 MS, f = 250 Hz, fs = 250 Hz, Im = 500 A

and Ia = 200 A

(a) The average current is Iav = 2Im fti/n - Ia (t3 - t2)f = 7.96 - 10 = - 2.04

A.

(b) For sine wave, / . =/ JftJ2 = 55.9 A and for a rectangular negative •
ri m\' i

wave, -f2)= 44.72 A

The rms current is Irms =V55.922 +44J222 = 71.59 A

(c) The peak current varies from 500 A to -200 A.

Problem 2-8

ti = 100 MS, t2 = 200 MS, t3 = 400 MS, t4 = 800 MS, f = 250 Hz, Ia = 150 A, Ib

= 100 A and Ip = 300 A

(a) The average current is

lav = la fts + Ib f(t5 - tO + 2(IP - Ia) f(t2 - ti)/7i = 15 + 5 + 2.387 = 22.387 A.

(b) / ,= ! / -/
v ' r\ p a 2

= 16.77 A,

/ 0 =7 [ft- = 47.43 A and I =l,Jf (t-tA) = 22.36 Ar2 aV 3 r3 6V 5 4y



The rms current is 7rm =^/(16.7722 + 47A322 + 22.3622) = 55.05 A

Problem 2-9

R = 22 ft, C = 10 |JF, V0 = 220 V

0 = VR + VC = VR +~\

With initial condition: vc(t=0) = -V0/ the current is

V -tlRC
W.-L.

The capacitor voltage is

-t/RC -fx!06/220
vc(t) = -Ri = -V0e = -220e

(b) The energy dissipated is

W = 0.5 C V02 = 0.5 x 10 x 10-6 x 220 x 220 = 0.242 J.

Problem 2-10

R = 10 Q, L = 5 mH, Vs = 220 V, Ii = 10 A

The switch current is described by

T7 , di „ .Vr =L — + Ri
t> dt

With initial condition: i(t=0) = Ii,

Vs -tRIL -tRIL

R

-2000?
= 22-12e A

Problem 2-11

With initial condition: i(t=0) = I0 and vc(t=0) = 0, we get



= 1 cos(a>o
I- •
L

The capacitor voltage is

vc(0 = ̂ J/*=/j£si
\~s \^

where « = i/Jcio

,0

Problem 2-12

Fig. o2-12a:

(a) L di/dt or i(t) = Vs t/L

(b) di/dt = Vs/L;

(d) di/dt (at t= 0) = Vs/L.

Fig. p2-12b:

i
(a) ±li

V-V -t/RC

^ R2C

(d) At t = 0, di/dt = (Vs - V0)/(R2 C)

Fig. p2-12c:

di(a) L +
~tRIL

vs

(d) At t = 0, di/dt = VS/L



Fig. p2-12d:

f \/ T di' , 1(a) V =L-j-+7
o at C

With initial condition: i(t=0) = 0 and vc(t=0)

')

= Vr

cS /— sin(<w /) = /' T v o J p o

where ^ =i/VZco

(b) i=^zr' ,
(d) At t = 0, di/dt = (Vs - V0)/L

Fig. p2-12e:

At t=0, the inductor behaves as an open circuit and a capacitor behaves as a

short circuit. Inductor U limits the initial di/dt only. Thus, the initial di/dt is

di/dt = VS/LI = Vs/20uH = Vs/20 A/us

Problem 2-13

Vs = 220 V, L = 5 mH, C = 10 uF, R = 22 Q and V0 = 50 V

(a) From Eq. (2-40), a = 22 x 103/(2 x 5) = 2200

From Eq. (2-41), co0 = 1/V(LC) = 4472 rad/s

eo =V44722-22002 = 3893 rad/s

Since a < a>0, it is an under-damped case and the solution is of the for

z(0 -e [A cos(a> t) + A^ sin(a> t)]

At t= 0, i(t=0) = 0 and this gives Ai = 0.

— n t
0



— -o) cos(a>
dt r r

a
-at

_
dt /=o

.= 0) ~=-±

or A2 = Vs/(cor L) = 220 x 1000/(3893 x 5) = 11.3

The final expression for current i(t) is

i(0 = 11.3xsin(3893/)«

(b) The conduction time is

corti = TI or ti = Tt/3893 = 807 us

(c) The sketch for i(t) is shown.
/ ^s ___

Problem 2-14

Vs = 200 V, Lm = 150 [iH, N! = 10, N2 = 200 and ti = 100 us

The turns ratio is a = N2/Ni = 200/10 = 20

(a) From Eq. (2-52) the reverse voltage of diode,

VD = 200 x (1 + 20) = 4620 V

(b) From Eq. (2-55) the peak value of primary current,

I0 = 220 x 100/150 = 146.7 A

(c) The peak value of secondary current lo1 = lo/a = 146.7/20 = 7.3 A

(d) From Eq. (2-58) the conduction time of diode,

t2 = 20 x 100 = 2000 MS.

(e) The energy supplied by the source



W=Pvidt=(l
m

2 __From Eq. (2-55), W = 0.5 Lm I02 = 0.5 x 150 x 10-6 x 146.72 = 1.614 J

Problem 2-15

(a) ic = id + Im

With initial condition: ict=0) = Im and vc(t=0)

Ic*'(/) = r 0 . — s m ( a > n + I cos(fo t)
^\L o m o

where « =i/VZc
o

i f IT
vc (0 = — I ic (0 dt =1 .1— sin(a> t) - Fc

c v y C* w \ o y 5

1C
(/ (0 = vs --

= - Vs/

(b) For id (t = ti) = 0

\C
—

or cos(a)sin(<y

- /„ = 0

or t+a) =

which gives the time

t, = sin"
o

l -i -tan"1 -

V 1Cwhere x = -$- I—
i™ V Li

(c) For vc(t=tq) = 0



vr (0 = / , I— sin(<y 0 - Vs cos(<y t) = 0
1 v ' v o' 5 v o'

or

(d) The time for the capacitor to recharge to the supply voltage at a

constant current of Im/ is

t! = VsC/Im

The total time for discharge and recharge is t2 = ti + tq



CHAPTER 3

DIODE RECTIFIERS

Problem 3-1

Vrn = 170 V, R = 10 Q, f = 60 Hz

From Eq. (3-21), Vd = 0.6366 Vm = 0.6366 x 170 = 113.32 V

Problem 3-2

Vm = 170 V, R = 10 Q, f = 60 Hz and Lc = 0.5 mH

From Eq. (3-21), Vdc = 0.6366 Vm = 0.6366 x 170 = 113.32 V

Idc = Vdc/R = 113.32/10 = 11.332 A

Since there are two commutations per cycle, EqN (3-79) gives the output

voltage reduction, Vx = 2 x 60 x 0.5 x 10"3 x 11.332 = 0.679 V and the

effective output voltage is (113.32 - 0.679) = 112.64 V
/ ^*\

Problem 3-3\ =KIO Q, Vm = 170 V, f = 60 Hz

For a six-phase star rectifier q = 6 in Eqs. (3-32) and from Eq. (3-32), Vdc

170 (6/7t) sin (71/6) = 162.34 V

Problem 3-4

R = 10 Q, Vm = 170 V, f = 60 Hz, U = 0.5 mH

For a six-phase star-rectifier, q = 6 in Eq. (3-69). From Eq. (3-32), Vdc =

170 (6/7i) sin (Ti/6) = 162.34, Idc = 162.34/10 = 16.234 A.

Since there are six commutations per cycle, Eq. (3-79) gives the output

voltage reduction, Vx = 6 x 60 x 0.5 x 10"3 x 16.234 = 2.92 V and the

effective output voltage is (162.34 - 2.92) = 159.42 V

Problem 3-5

10



R = 100 Q, Vs = 280 V, f = 60 Hz

Vm = 280 x V2/V3 = 228.6 V

From Eq. (3-40), Vdc = 1.6542 x 228.6 = 378.15 V

Problem 3-6

R = 100 Q, Vs = 280 V, f = 60 Hz and U = 0.5 mH

Vm = 280 x V2/A/3 = 228.6 V

From Eq. (3-40), Vdc = 1.6542 x 228.6 = 378.15 V

Idc = vdc/R = 378.15/100 = 37.815 A

Since there are six commutations per cycle, Eq. (3-79) gives the output

voltage reduction, Vx = 6 x 60 x 0.5 x 10"3 x 37.815 = 6.81 V and the

effective output voltage is (378.15 - 6.81) = 371.34 V

Problem 3-7

Vdc = 400 V/R = 10 Q

From Eq. (3-21), Vdc = 400 = 0.6366 Vm or Vm = 628.34 V

The rms phase voltage is Vs = Vm/V2 = 628.34/V2 = 444.3 V

Idc = Vdc/R = 400/10 = 40 A

Diodes:

Peak current, Ip = 628.34/10 = 62.834 A

Average current, Id = W2 = 40/2 = 20 A

RMS current, IR = 62.834/2 = 31.417 A

Transformer:

RMS voltage, Vs = Vm/V2 = 444.3 V

RMS current, Is = Im/A/2 = 44.43 A

Volt-amp, VI = 444.3 x 44.43 = 19.74 kVA

11



I
Pdc = (0.6366 Vm)2/R and Pac = VSIS = Vm2 /2R

TUF = Pdc/Pac = 0.63662 x 2 = 0.8105 and the de-rating factor of the

transformer is 1/TUF = 1.2338.

Problem 3-8

Vdc = 750 V, Idc = 9000 A

From Eq. (3-40), Vdc = 750 = 1.6542 Vm or Vm = 453.39 V

The phase voltage is Vs = Vm/V2 = 453.39/V2 = 320.59 V

Diodes:

Peak current, Ip = 9000 A

Average current, Id = W2 = 9000/2 = 4500 A

RMS current, IR = 9000/^2 = 6363.96 A

Transformer:

RMS voltage, Vs = 320.59 V

RMS current, Is = IP = 9000 A

Volt-amp per phase, VI = 320.59 x 9000 = 2885.31 kVA

TUF = Pdc/Pac = 750 x 9000/(3 x2885.31) = 0.7798 and the de-rating factor

of the transformer is 1/TUF = 1.2824

Problem 3-9

Vm = 170 V, f = 60 Hz, R = 15 Q and co = 2nf = 377 rad/s

From Eq. (3-22), the output voltage is

2V 4V W w
v,(?) =—— —cos(2a>t] —cos(4a>t} —cos(6a>t}-..co

L n Zn \5x ~":-

The load impedance, Z = R + j(na>L) =

and 6 = tan~l(nct)L/R)
n ^

12



and the load current is given by

4F
m

3
-6> 1 -- cos[4a>t-0. } -- co$\6a>t-6, )-

2 / 1 5 v 4/ 35 \]

where
2V
LV

"L R nR

The rms value of the ripple current is

72 =•
ac

(4V
^ m 'if+. (4F

77T m

Considering only the lowest order harmonic (n = 2) and neglecting others,

Using the value of Idc and after simplification, the ripple factor is

/„„ 0.481
= 0.04

20.481 = 0.04 [1 + (2 x 377 L/15)] or L = 238.4 mH

Problem 3-10

Vm = 170 V, f = 60 Hz, R = 15 Q and co = 2nf = 377 rad/s

For q = 6, Eq. (3-39) gives the output voltage as

m
i+A

35

2

143

The load impedance, Z = i

and 9 = tan~^(ncoL/R)n

and the load current is

. ,., T 0.9549F

IR2+(ncoL)2 35 143

13



, r VH 0.9549Fwhere id =-£- = - s-
R R

The rms value of the ripple current is

2 = (0.9549FJ2 f 2 V (0.9549FJ2 r 2

Considering only the lowest order harmonic (n = 6) and neglecting others,

0.9549F

Using the value of Idc and after simplification, the ripple factor is

1
— = 0.02

20.0404 = 0.02 [1 + (6 x 377 L/15)] or L = 11.64 mH

Problem 3-11

E = 20 V, Idc = 10 A, Vp = 120 V, Vs = Vp/n = 120/2 = 60 V

Vm = V2 Vs = V2 x 60 = 84.85 V

(i) From Eq. (3-17), a = sin"1 (20/84.85) = 15.15° or 0.264 rad

6 = 180 - 15.15 = 164.85°

The conduction angle is 5 = 6 - a = 164.85 - 15.15 = 149.7°

(ii) Equation (3-18) gives the resistance R as

R = —-—\2V cosa + 2aE-xE~]
Inl, L m J

dc

2 x 84.85 x cos 15.15° +2 x 20 x 0.264-/TX 201 = 1.793 Q
- l

(iii) Equation (3-19) gives the rms battery current Irms as

V2 } V2

-^- + E2 x(;r-2cO +—sin2a-4F Ecoso
2 ^ ' 2 m

I2
rms

1
= 272.6

or / = V272.6 = 16.51 A

14



The power rating of R is PR = 16.512 x 1.793 = 488.8 W

(iv) The power delivered PdC to the battery is

Pdc = E Idc = 20 x 10 = 200 W

h Pdc = 100 or h = 200/Pdc = 200/200 = 1 hr

(v) The rectifier efficiency r\s

TJ = - ' dc 200
= 29%

^+PR 200 + 488.8

(vi) The peak inverse voltage PIV of the diode is

PIV = Vm + E = 84.85 + 20 = 104.85 V

Problem 3-12

It is not known whether the load current is continuous or discontinuous. Let

us assume that the load current is continuous and proceed with the solution.

If the assumption is not correct, the load current will be zero current and

then move to the case for a discontinuous current.

(a) R = 5 Q, L = 4.5 mH, f = 60 Hz, co = 2 71 x 60 = 377 rad/s, Vs = 120 V,

Z = [R2 + (co L)2]1/2 = 5.28 Q, and 6 = tan'^co L/R) = 18.74°

(i) The steady-state load current at cot = 0, Ii = 6.33 A. Since Ii > 0, the

load current is continuous and the assumption is correct.

(ii) The numerical integration of iL in Eq. (3-27) yields the average diode

current as Id = 8.8 A

(iii) By numerical integration of iL2 between the limits cot = 0 to n, we get the

rms diode current as Ir = 13.83 A.

(iv) The rms output current Irms = V2 Ir = V2 x 13.83 = 19.56 A

Problem 3-13

15



(a) R = 5 0, L = 2.5 mH, f = 60 Hz, co = 2 n x 60 = 377 rad/s, Vab = 208 V,

Z = [R2 + (co L)2 ]1/2 = 5.09 Q, and 6 = tan"1 (co L/R) = 10.67°

(i) The steady-state load current at cot = rt/3, Ii = 50.6 A.

(ii) The numerical integration of iL in Eq. (3-47) yields the average diode

current as Id = 17.46 A. Since Ii > 0, the foad current is continuous.

(iii) By numerical integration of iL2 between the limits cot = 7i/3 to 2:1/3, we

get the rms diode current as Ir = 30.2 A.

(iv) The rms output current Irms = V3 Ir = V3 x 30.2 = 52.31 A

Problem 3-14

I

RF = 5%, R = 200 Q and f = 60 Hz

(a) Solving for Ce in Eq. (3-62),

1C = -
e 4x60x200

1
= 315.46

V2x0.05.

(b) From Eq. (3-61), the average load voltage Vdc is

169.7
4x60x200x415.46xlO'

= 169.7 - 11.21 = 158.49V

Problem 3-15

RF = 5%, R = 200 Q, and f = 60 Hz

(a) For a half-wave rectifier, the frequency of output ripple voltage is the

same as the supply frequency. Thus, the constant 4 in Eq. (3-62) should be

changed to 2.

Solving for Ce in Eq. (3-62),

1
2x60x200

1
V2x0.05

= 630.92

(b) From Eq. (3-61), the average load voltage Vdc is

16



Vd =169.7 - - i = 169.7-22.42= 147.28V
r fc 2x60x200x415.46xlO-6

Problem 3-16

co = 2 7t x 60 = 377 rad/s, Vdc = 48 V, Vs = 120 V, Vm = A/2 x 120 = 169.7 V

(a) Voltage ratio x = Vdc/Vm = 48/169.7 = 28.28 %

a = sin'1 (x) = 16.43°

Solving Eq. (3-70) for 6 gives: 6 = 117.43°

Equation (3-105) gives the current ratio Wlpk = 13.425 %

Thus, Ipk = WO.13425 = 186.22 A

The required value of inductance is

U = Vm/(cQ Ipk) = 169.7/(377 x 186.22) = 2.42 mH.

Equation (3-106) gives the current ratio IrmS/Ipk = 22.59 %

Thus Irms = 0.2259 x Ipk = 0.2259 x 186.22 = 42.07 A

(b) Idc = 15 A, U = 6.5 mH, Ipk = Vm/(co U) = 169.77(377 x 6.5 mH) =

69.25 A

y = Wlpk = 15/69.25 = 21.66%

Using linear interpolation, we get

X = Xn - (Xn+i - Xn) (yn - Y)/(Yn+l - Yn)

= 10 - (15 - 10) (25.5 - 21.66)7(21.5 - 25.5) = 14.8%

Vdc = x Vm = 0.148 X 169.7 = 25.12 V

a = an - (ctn+i - an) (yn - y)/(yn+i - yn)

= 5.74 - (8.63 - 5.74) (25.5 - 21.66)7(21.5 - 25.5) = 8.51°.

13 = Bn - (Bn+i - Bn) (yn " Y)/(Yn+l ' Yn)

= 139.74 - (131.88 - 139.74) (25.5 - 21.66)7(21.5 - 25.5) = 132.19°.

Z = Irms/Ipk = Zn - (Zn+l • Xn) (Yn ' Y)/(Yn+l ' Yn)

= 37.06 - (32.58 - 37.06) (25.5 - 21.66)7(21.5 - 25.5) = 32.76%

Thus Irms = 0.3276 x Ipk = 0.3276 x 69.25 = 22.69 A

17



(a)
f := 60 Vdc := 48 Idc := 25 co := 2-71 -f co = 376.99

Vs := 120 Vm := >/2-Vs

Vdc
x :=

Vm
a := asin(x)

Ipk:=
Idc

Lcr :=
Vm

oo-Ipk

180 — = 16.43
71

100-k = 69.49

Ipk = 35.97

1000 -Lcr= 12.51 mH

1
/•a +7i

|_(cos(a) ~ cos^
_ a

(())) - x-((j) - a) J d<f)

_

100-kj. = 81.91

Irms := k^Ipk Irms = 29.47

18



(b)

:= 15

100-1
k:=

dc

Ipk

:= 60

an := 36.87

:= 23-95

krn := 31.05

Ipk := 69.25

k = 21.66

x_i := 65

anl := 40.54

:= 15.27

krnl := 26.58

x:= xn
X = 61.32

Vdc := x
Vm
100

Vdc = 104.06

a :=an
(anl-anHk"kn)

kr := krn

a = 37.84

kr = 29.87

Irms:=
kr-Ipk

100
Irms = 20.69

Problem 3-17

Let ti and t2 be the charging and discharging time of capacitor. For a single-

phase full-wave rectifier, the period of output voltage is T/2, where T is the

period of the input voltage and the supply frequency is f = 1/T.

ti + t2 = T/2. If t2»ti which is normally the case, t2 ~T/2

19



During discharging of the capacitor, the capacitor discharges exponentially

and the output (or capacitor) voltage is

tlRC
m

where Vm is the peak value of supply voltage.

The peak-to-peak ripple voltage is

v = vr o
-t~IRC -UlRC

-V e 2 =V [l-e 2m m m

Since, e" » 1 - x, vr = Vm (1 - 1 + t2/RC) = Vm t2/RC = Vm/(2fRC)

Thus, the rms value of the output voltage harmonics is

V = -£= = •ac
m

Problem 3-18

R = 20 Q, L = 5 mH, f = 60 Hz, co = 2nf = 377 rad/s

Taking a ratio of 10:1, the value of the capacitor is given by

10

or ce= 10 = 192.4

From Eq. (3-39), the rms value of the 6th harmonic is

V, = —^j= x 0.9549 V
6 35V2 m

From Eq. (3-64), the rms vale of the ripple voltage is

0.9549F
,-x- m

" (/Mu)2Z,C-l 35V2 (6«)2I,C-1

Vdc = 0.9549 Vm

The ripple factor is

20



1
= 0.05

' dc (***>)

or (6co)2 LiC - 1 = 0.808 and U = 1.837 mH

Problem 3-19

(a) With q = 6, Eq. (3-39) gives the output voltage as

v, (0 = 0.9549 Vm
/

cos(6a>t}
•3^ V /35 143

The load impedance, Z =

and 9 =tan

and the load current is

0.9549F

+ (ncoL]2/.e^ ' n

m —
35

s6) 143
.-
12

H-..OO

where
ac R R

(b) Vm = 170 V, f = 60 Hz, R = 200 Q, to = 2n f = 377 rad/s

The rms value of the ripple current is

(0.9549KJ2 (Q.9549KJ2

ac 2[R2 + (6coL}2] (35) 2[R2+(l2coL)2]

Considering only the lowest order harmonic (n = 6) and neglecting others,

0.9549 F ( 2\g the value of Idc and after simplification, the ripple factor is

1
— = 0.02

0.04042 = 0.022 [1 + (6 x 377 L/200)2] or L = 11.64 mH

21



Problem 3-20

(a)

(a)

© \

(b) For the primary (or supply) current,

a0 = 0

a =-

*

T

^a

ir

,4o4

n = tan"1 (an/bn) = 0

ao-
27a sin cot sin 3<2tf sin Scot

>r I 1 3 5

The rms value of the fundamental current is

Ii = 2Ia/(7iV2)

The rms current is Is = Ia/2. At the primary (or supply) side, PF = Ii/Is =

2V2/n = 0.9 and HF = - I = 0.4834.

22



(c) For the rectifier input (or secondary) side,

a0/2 = Ia/2

n*> a nn

<pn = tan"1 (an/bn) = 0

Cn = V(an2 + bn2) and Ii = Ci/V2

and Is = Ia/V2

PF = li/Is = 2/7T = 0.6366 and I /I ) - l = 1.211
S 1

Problem 3-21

(a)

(a)

rz) A

IT

2TT

(b) For the primary (or supply) current: From Eq. (3-23), the primary

current is
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/ (0 =
47

a
n

sin cot
1

+ • - + • ..QO

Ii = 4Ia/(7lV2)

The rms current is Is = Ia. PF = Ii/Is = 2V2/7T = 0.9 and//F =

0.4834.

(c) For the rectifier input (or secondary) current:

a0/2 = W2

^2 , _

a =—n n v a

6B.I

<pn = tan"1 (an/bn) = 0

Cn = V(an2 + bn2) and Ii = d/V2 = V2Ia/7r

and Is = Ia/V2

PF = î  = 2/7t = 0.6366 and

Problem 3-22 (a)

I /U 2 - i = 1.211
s i

0 • tx

W~ ^T
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(b) For the primary (or secondary) phase (or line) current:

a0/2 = 0

a =- r'6
n ;rj"6 3

21 nn . nn
—-cos sin —
nn 2 3

-- ?™"-cos(n0)d0
n^16 3

n 3

2L . nn . nn
—-sin sin —
nn 2 3

• nn

cpn = tan"1 (an/bn) = tan'^cot nrt/2)

(c) Ii = Ci/V2 = V3Ia/(7iV2), 91 = 0 and Is

PF = Ii/Is = 3^3/27r = 0.827 and HF =

V2 Ia/3

) 2 - l = 0.68

Problem 3-23 (a)
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(b) For the primary line current:

a0/2 = 0

a =-

2Ia . nn .. Inn.
-3— sin - (1 - cos - )i— JL1L \ WV/kJ

V3«;r 6 3

2/fl nn .. Inn.
,-- COS (1 - COS )
^ 6 3

3

<pn = tan"1 (an/bn) = tan'^-tan n7t/6) = -nu/S

Ii = Ci/V2 = V3Ia/(7tV2), cpi = -7T/6 and Is = V2 Ia/3

(c) For the secondary (or primary) phase current,

a0/2 = 0

a = -
n n

27 nn .
a -cos— sin

" 3V3
27 , nn ^ nn

" -sin sm-

x-, r^ TTC =Ja:+b:=
« V

27 . nn
—sin

3

9n = tan"1 (an/bn) = tan'^cot nu/2) = n;r/2

Ii = Ci/V2 = Ia/(7tV2)7 91 = 0 and Is = V2 Ia/(3V3)

PF = li/Is = 3V3/2n = 0.827 and HF = KI / I ,)2 -1 = 0.
\ 1

68
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Problem 3-24

(a)

(a)

(b) For the primary line current:

a0/2 = 0

21. . nn Inn
—- sin cos
nn 2 6

n n
Ia ( nn lnn\ —s-\ - cos nn - 2 sin cos

2 6

For n = 1, Ci = V(ai2 + bi2) = 2V3Ia/7t

9! = tan'1 (ai/bi) = tarT^l/VS) = 71/6
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Ii = Ci/2 = V2 V3Ia/7c, and Is = Ia V(2/3)

(c) For the secondary or primary phase current,

a0/2 = 0

4f nn , nn
—-sin— sin —
nn 2 6

Cn = bn and cpn = 0

Ci = 2 Ia/Tc, Ii = Ci/V2 = 2Ia/(V2 TI), 9l = 0 and Is = Ia/V3

PF = Ii/Is = V2 V3/7t = 0.78 and HF = J(l I I } 2 -1 = 0.803
V S 1

Problem 3-25

(a)

( a )

(X

(b) For the primary (or secondary) phase (or line) current:

a0/2 = 0
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27. f,,6 , ~ ,n 41 . nn nn
a - — -[ cos(nu)d0 = — -sin — cos —

n 7i J"« v ' nn 3 2

27. -»,6 . x m JQ 47 . nn . nn
b = — -f sm(n0}d0 = — -sm — sin —
n n U n* 3 2

C =— ̂ sin— and <pn = tan-1 (an/bn) = tan-^cot nTt/2)
n nn 3

(c) Ci = 2V3Ia/7i and 91 = 0

7i, and Is = Ia V(2/3)

PF = li/ls = 3/rc = 0.9549 and HF = fa/IJ2 -1 = 0.3108

Problem 3-26

(a)

(a)

(b) For the primary line current,

a0/2 = 0
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87, 2nn . nn nn
-cos sin cos-,— vv/o— —0111— \^\jj —

^nx 3 3 6

870 . 2nn . nn nn
-F-2—sm sin cos —

3 3 6

„ a . nn
C = ,— a sm — cos

3 6

9n = tan"1 (an/bn) =

Ci = 2V3Ia/7t and Ii = Ci/V2 = V2 V3Ia/Tc, q>i = tan'1 (-1/V3) = -7t/6

(c) For the primary (or secondary) phase current,

a0/2 = 0

27. f,,6 , n^,n 4L . nn nn
a - — -[ cos(nv)dt} = — ̂ sm — cos —
n n '" " nn: 3 2

/ 27. *„<. , , _ n 4Ia . nn . nn
b = — -f sm(n0)d& = — ̂ -sm — sm —
« n J a nn 3 2

47
C =— ̂ -sin— and cpn = tan-1 (an/bn) = tan-^cot n7i/2)

n nn 3

= V2 V3Ia/u, and Is = Ia V(2/3)

PF = li/is = 3/Ti = 0.9549 and HF = J(I /I )2 -1 = 0.3108
V S 1
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Problem 3-27

(a)

(a)

(b) For the primary (or secondary) line current,

a0/2 = 0

21 i6 41 nn nn
a = —- r'6 cos(n0) d6 = —- sin—cos—

n n L'6 V nn 3 2

, 2Ia f r / 6 . , ~ ,n 41 . nn . nn
b =—-[ sm(nO)dB = —^sm—sin—
n n *"' nn 3 2

41 nn
C =—^-sin— and 9n = tan-x (an/bn) = tan- (cot nu/2)

n nn 3

V2 V3Ia/7r, and Is = Ia V(2/3)

(c) For the primary (or secondary) phase current,

a0/2 = 0

an =

Inn . nn nn
cos sin— cos

3 3 6
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87. . 2nn . nn nn
—— sin sin— cos —

3 3 6

,-, 87 . nn nnC = — —sin — cos —
3 6

(pn = tan"1 (an/bn) = tan"1(cot(2nu/3))

Ci = 2V3Ia/7t and ^ = Ci/V2 = V2 V3Ia/7r, 91 = tan'1 (-1/V3) = -71/6

Is = V2Ia/3, PF = li/Ig = 3/TT = 0.9549

HF = [(Is/Ii)2 - 1]V2 = 0.3108
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CHAPTER 4

POWER TRANSISTORS

Problem 4-1

Vcc = 100 V, 6min = 10, 6max = 60, Rc = 5 Q, ODF = 20, VB = 8 V,

VcE(sat) = 2.5 V and VBE(sat) = 1-75 V.

From Eq. (4-14), Ics = (100 - 2.5)/5 = 19.5 A

From Eq. (4-15), IBS = 19.5/6min = 19.5/10 = 1.95 A

Eq. (4-16) gives the base current for a overdrive factor of 20,

IB = 20 x 1.95 = 33 A

(a) Eq. (4-9) gives the required value of RB,

RB = (VB - VBE(sat))/lB = (8 - 1.75)/33 = 0.1894 Q

(b) From Eq. (4-17), Bf = 19.5/33 = 0.59

(c) Eq. (4-18) yields the total power loss as

PT = 1.75 x 33 + 2.5 x 19.5 = 106.5 W

Problem 4-2

Vcc = 40 V, 6min = 12, Bmax = 75, Rc = 1.5 Q, VB = 6 V,

VcE(sat) = 1-2 V and VBE(sat) = 1-6 V.

From Eq. (4-14), Ics = (40 - 1.2)/1.5 = 25.87 A

From Eq. (4-15), IBS = 25.87/6min = 25.87/12 = 2.156 A

IB = (6 -1.6)/0.7 = 4.4/0.7 = 6.286 A

(a) ODF = IB/IBS = 6.286/2.156 = 2.916

(b) From Eq. (4-17), Bf = 25.8/6.286 = 4.104

(c) Eq. (4-18) yields the total power loss as

PT = 1.2 x 25.87 + 1.6 x 6.286 = 41.104 W

33



Problem 4-3

Vcc = 200 V, BBE(sat) = 3 V, IB = 8 A, VCE(sat) = 2 V, Ics = 100 A, td = 0.5 us, tr

= l̂ is, ts = 5 us, tf = 3 us, fs = 10 kHz, k = 0.5, T = l/fs = 100 ^s. kT = td +

tr + tn = 50 \is and tn = 50 - 0.5 - 1 = 48.5 ^s, (l-k)T = ts + tf + t0 = 50 us

and t0 = 50 - 5 - 3 = 42 jas.

(a) From Eq. (4-21),

Pc(t) = 3 x 10'3 x 200 = 0.6 W

Pd = 3 x 10"3 x 200 x 0.5 x 10-6 x 10 x 103 = 3 mW

During rise time, 0< t < tr:

From Eq. (4-23), tm = 1 x 200/[2(200 - 2)] = 0.505 us

From Eq. (4-24), Pp = 2002 x 100/[4(200 - 2)] = 5050.5 W

From Eq. (4-25),

Pr = 10 x 103 x 100 x 1 x 10"6 [220/2 + (2 - 200)/3] = 34 W

Pon = Pd + Pr = 0.003 + 34 = 34.003 W

(b) Conduction Period, 0 < t < tn:

Pc(t) = 2 x 100 = 200 W

From Eq. (4-27), Pn = 2 x 100 x 48.5 x 10-6 x 10 x 103 = 97 W

(c) Storage Period, 0 < t < ts:

Pc(t) = 2 x 100 = 200 W

From Eq. (4-28), Ps = 2 x 100 x 5 x 10-6 x 10 x 103 = 10 W

Fall time, 0 < t < tf:

From Eq. (4-30), Pp = 200 x 100/4 = 5000 W

From Eq. (4-31), Pf = 200 x 100 x 3 x 10-6 x 10 x 103/6 = 100 W

Poff = ps + pf = 10 + 100 = 110 W

(d) Off-period, 0 < t < t0:

Pc(t) = 3 x 10"3 x 200 = 0.6 W
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From Eq. (4-33),

Po = 3 x 10-3 x 200 x 42 x 10'6 x 10 x 103 = 0.252 W

(e) The total power loss in the transistor due to collector current is

PT = pon + Pn + poff + P0 = 34.003 + 97 + 110 + 241.255 W

(0

* -fc

Problem 4-4

Tj = 150 °C, TA = 25 °C, RJC = 0.04 °C/W, Rcs = 0.05 °C/W

From Problem 4-3, PT = 241.25 W

PT(RjC + Res + RSA) = Tj - TA = 150 - 25 = 125

RSA = 125/241.25 - 0.04 - 0.05 = 0.0681 °C/W

Problem 4-5

BBE(sat) = 3 V, IB = 8 A, T = l/fs = 100 u

= 1 us, tn = 50 - 1.5 = 48.5 |as, ts = 5 ̂

= ts + tf = 5 + 3 = 8 îs

(a) During the period, 0 <t< (ton + tn):

ib(t) = IBS
35

k = 0.5, kT = 50 us, td = 0.5 us, tr

tf = 3 ^5, ton = td + tr = 1.5 j^S, toff



VBE(t) = VBE(sat)

The instantaneous power due to the base current is

Pb(t) = ib VBE = IBS VBE(sat) = 8 x 3 = 24 W

During the period, 0 < t < t0 = (T - ton - tn): Pb(t) = 0

From Eq. (4-35), the average power loss is

PB = IBS VBE(sat) (ton + tn + ts)fs

= 8 x 3 x (1.5 + 48.5 + 5) x 10'6 x 10 x 103 = 13.2 W

Problem 4-6

Vcc = 200 V, BBE(sat) = 2.3 V, IB = 8 A, VCE(sat) = 1.4 V, Ics = 100 A, td = 0.1

(as, tr = 0.45 us, ts = 3.2 ^s, tf = 1.1 ^s, fs = 10 kHz, k = 0.5, T = l/fs = 100

US. kT = td + tr + tn = 50 us and tn = 50 - 0.45 - 0.1 = 49.45 us, (l-k)T = ts

+ tf + t0 = 50 us and to = 50 - 3.2 - 1.1 = 45.7 jas.

(a) From Eq. (4-21),

Pc(t) = 3 x 10'3 x 200 = 0.6 W

Pd = 3 x 10'3 x 200 x 0.1 x 10"6 x 10 x 103 = 0.6 mW

During rise time, 0 < t < tr:

From Eq. (4-23), tm = 0.45 x 200/[2(200 - 1.4)] = 0.2266 Ds

From Eq. (4-24), Pp = 2002 x 100/[4(200 - 1.4)] = 5035.25 W

From Eq. (4-25),

Pr = 10 x 103 x 100 x 0.45 x 10"6 [220/2 + (1.4 - 200)/3] = 15.21 W

Pon = Pd + Pr = 0.0006 + 15.21 W = 15.21 W

(b) Conduction Period, 0 < t < tn:

Pc(t) = 1.4 x 100 = 280 W

From Eq. (4-27), Pn = 1.4 x 100 x 49.45 x 10"5 x 10 x 103 = 69.23 W

(c) Storage Period, 0 < t < ts:

Pc(t) = 1.4 x 100 = 140 W
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From Eq. (4-28), Ps =1.4 x 100 x 3.2 x 10"6 x 10 x 103 = 4.48 W

Fall time, 0 < t < tf:

From Eq. (4-30), Pp = 200 x 100/4 = 5000 W

From Eq. (4-31), Pf = 200 x 100 x 1.1 x 10'6 x 10 x 103/6 = 36.67 W

p^ = Ps + Pf = 4.48 + 36.67 = 41.15 W

(d) Off-period, 0 < t < t0:

Pc(t) = 3 x 10"3 x 200 = 0.6 W

From Eq. (4-33),

P0 = 3 x 10"3 x 200 x 45.7 x 10"6 x 10 x 103 = 0.274 W

(e) The total power loss in the transistor due to collector current is

PT = pon + Pn + p^ + P0 = 15.21 + 69.23 + 41.15 + 0.274 = 125.87 W

(0

U)

Problem 4-7

VDD = 40 V, ID = 35 A, IDSS = 250 nA, RDS = 28 mQ, VGS = 10 V, td(0n) = 25

ns, tr = 60 ns, td(0ff) = 70 ns, tf = 25 ns, fs = 20 kHz, k = 0.6, T = l/fs = 50

us. kT = td(on) + tr + tn = 50000 ns and tn = 50000 - 25 - 60 = 29915 ns, (1-

k)T = tf + td(off) + t0 = 20000 ns and t0 = 20000 - 70 - 25 = 19905 ns.

(a) During delay time, 0 < t < td(0n):
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io(t) = loss

vDs(t) = VDD

The instantaneous power due to the collector current is

Po(t) = ID VDS = loss VDD = 250 x 1CT3 x 40 = 0.01 W

The average power loss during the delay time is

From Eq. (4-21), Pd = IDSs VDD td(on) fs

= 250 x 10'3 x 40 x 25 x 10'9 x 20 x 103 = 5 mW

During rise time, 0 < t < tr:

VDS ̂  = VDD

From Eq. (4-22)

PS
t

~ VDD ^ ~
r

VDD+(<RDSIDS VDD) t
r

From Eq. (4-23) the power Po(t) will be maximum when t = tm/ where

f.Fnn 60xl(T9x40 on c-7 «= 30.67 ns
"2x(40-25xl(T3x35)

and Eq. (4-24) yields the peak power

402x 35V2 /
VDD *

4(40-25xlO-3x35)
= 357.83 W

From Eq. (4-25).

P = f J t
Ir JS*DSlr

VDD ^ RDS JDS VCC

= 20 x 103 x 35 x 60 x 10"9 [40/2 + (25 x 10~3 x 35 - 40)/3] = 1.3877 W

The total power loss during the turn-on is

Ron = Pd + Pr = 0.005 + 1.3877 = 1.39275 W
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(b) Conduction Period, 0 < t < tn:

io(t) = IDS

Vos(t) = RDS IDS

Po(t) = ID VDS = RDS IDS IDS = 25 x 10"3 x 352 = 30.625 W

From Eq. (4-27), Pn = RDS IDS IDS tn fs

= 25 x 10'3 x352 x 29915 x 10'9 x 20 x 103 = 18.32 W

(c) Storage Period, 0 < t < td(0ff):

io(t) = IDS

Vos(t) = RDS IDS

Pc(t) = ID VDS = RDS IDS IDS = 25 x 10"3 x 352 = 30.625 W

Po(off) = RDS IDS IDS td(off) fs

= 25 x 10"3 x352 x 70 x 10'9 x 20 x 103 = 42.87 mW

Fall time, 0 < t < tf:

t

V

lf

This power loss during fall time will be maximum when t = tf/2 = 12.5 ns.

From Eq. (4-30), the peak power,

PD = VDD IDS /4 = 40 x 35/4 = 350 W

From Eq. (4-31), Pf = VDD IDS tf fs/6

= 40 x 35 x 25 x 10"9 x 20 x 103/6 = 0.117 W

The power loss during turn-off is

Poff = Po(off) + Pf = 0.04287 + 0.117 = 0.15987 W

(d) Off-period, 0 < t < t 0 :
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«o(t) = loss

vDs(t) = VDD

PD(t) = ID vDS = IDSS VDD = 250 x ID'6 x 40 = 10 mW

PO = IDSS VDD t0 fs

= 250 x 10"6 x 40 x 19905 x 10"9 x 20 x 103 = 3.981 mW

(e) The total power loss in the transistor due to collector current is

PT = Pon + Pn + Poff + PO

= 1.3927 + 18.32 + 0.04287 + 0.01 = 20.466 W

Problem 4-8

From Problem 4-7, PT = 20.466 W

RJC = 1 °K/W, Rcs = 1 °K/W, Tj = 150 °C, TA = 30 °C

Tj = 150 °C + 273 = 423 °K

TA = 30 °C + 273 = 303 °K

PT(Rjc + Res + RSA) = Tj - TA = 423 - 303 = 120

RSA = 120/20.466 - 1 -1 = 3.863 °K/W

Problem 4-9

IT = 200 A, VCEI = 1.5 V, VCE2 = 1.1 V

(a) Rei = 10 mQ, R62 = 20 mQ

IEI +IE2 = IT

VcEl + IEI Rei = VCE2 + IE2 Re2

or IEI = (VCE2 - VCEI + IT Re2)/(Rei + Re2)

= (1.1 - 1.5 + 200 x 20 x 10-3)/(0.01 + 0.02) = 120 A or 60 %

IE2 = 200 - 120 = 80 A or 40 %. Al = 60 - 40 = 20 %

(b) Rei = R62 = 20 mQ
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IEI = (1.1 - 1.5 + 200 x 20 x 10"3)/(0.01 + 0.02) = 90 A or 45 %

IE2 = 200 - 90v= 110 A or 55 %. AI = 55 - 45 = 10 %

Problem 4-1

IL = 100 A, \/5 = 400 V, fs = 20 kHz, tr = 1 ^is, and tf = 3 ^s.

(a) From Eq. (4-44), Ls = 440 x 1/100 = 4 ^H

(b) From Eq. (4-46), Cs = 100 x 3/400 = 0.75 ^F

(c) From Eq. (4-47), Rs = 2 V(4/0.75) = 4.62 Q

(d) From Eq. (4-48), Rs = 103/(3 x 20 x 0.75) = 22.2 2 Q

(e) Vs/Rs = 0.05 x IL or 400/RS = 0.05 x 100 or Rs = 80 Q

(f) From Eq. (4-49), the snubber loss is

Ps =^0.5 Cs Vs2 fs = 0.5 x 0.75 x 10'6x4002 x 20 x 103 = 1200 W

Problem 4-11

IL = 40jVVs = 30 V, fs = 50 kHz, tr = 60 ns, and tf = 25 ns

(a) From Eq. (4-44), Ls = 30 x 60 x 10"9/40 = 0.045

(b) From Eq. (4-46), Cs = 40 x 25 x 10'9/30 = 0.0333

(c) From Eq. (4-47), Rs = 2 V(45/33.33) = 2.324 Q

(d) From Eq. (4-48), Rs = 106/(3 x 50 x 33.33 = 200 Q

(e) Vs/Rs = 0.05 x IL or 30/RS = 0.05 x 40 or Rs = 15 Q

(f) From Eq. (4-49), the snubber loss is

Ps = 0.5C sV s 2 f s

= 0.5 x 33.33 x 10"9x 302x 50 x 103= 0.75 W
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CHAPTER 5

DC-DC CONVERTERS

Problem 5-1

Vs = 220 V, k = 0.8, R = 20 Q and vch = 1.5 V.

(a) From Eq. (5-1), Va = 0.8 x (220 - 1.5) = 174.8 V

(b) From Eq. (5-2), V0 = V0.8 x 220 = V

(c) From Eq. (5-5), P0 = 0.8 x (220 - 1.5)2/20 = 3819.4 W

From Eq. (5-6), PI = 0.8 x 220 x (220 -1.5)/20 = 3845.6 W

The chopper efficiency is P0/Pi = 3819.4/3845.6 = 99.32 %

(d) From Eq. (5-4), R, = 20/0.8 = 12.5 Q

(e) From Eq. (5-8), the output voltage is

v (0 = — [sin (2;rx 0.8) cos (2;rxlOOOO/) +0.69 lx sin (2;rxlOOOO/)]

= 8232 x sin (62832*+#)

where <|> = tan'1 [sin(0.8x27i)/0.691] = 54°.

The rms value is Vi = 82.32/V2 = 58.2 V

Note: The efficiency calculation, which includes the conduction loss of the

chopper, does not take into account the switching loss due to turn-on and

turn-off of the converter.

Problem 5-2

Vs = 220 V, R = 10 Q, L = 15.5 mH, E = 20 V, k = 0.5 and f = 5000 Hz

From Eq. (5-15), I2 = 0.9375 Ii + 1.2496

From Eq. (5-16), Ii = 0.9375 I2 - 1.2496

(a) Solving these two equations, Ii = 8.6453 A
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(b) I2 = 9.3547 A

(c) Al = I2 - Ii = 9.35475 - 8.6453 = 0.7094 A

From Eq. (5-21), Almax = 0.7094 A

and Eq. (5-22) gives the approximately value, Almax = 0.7097 A

(d) The average load current is approximately,

Ia = (h + Ii)/2 = (9.35475 + 8.6453)/2 = 9 A

(e) From Eq. (5-24),
-il/2

= 9.002 A

(f) Is = k Ia = 0.8 x 9 = 7.2 A

and the input resistance is R\ VS/IS = 220/7.2 = 30.56 Q

(g) From Eq. (5-25), IR = Vk I0 = V0.8 x 22.1 = 15.63 A

Problem 5-3

Vs = 220 V, R = 0.2 Q, E = 10 V, f = 200 Hz, T = 1/f = 0.005 S

Ai = 200 x 0.5 = 10 A.

Va = k Vs = R Ia

The voltage across the inductor is given by

For a linear rise of current, dt = ti = kT and di = Ai

A / = - •kT
L

For worst case ripple condition: * =0
dk

and this gives, k = 0.5

Ai L = 10 x L = 220 (1 - 0.5) 0.5 x 0.005 or L = 27.5 mH
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Problem 5-4

Vs = 110 V, E = 220 V, Po = 30 kW = 30000 W

(c) Since the input power must be the same as the output power,

Vs Is = Po or 110 x Is = 30000 or Is = A

(a) The battery current, Ib = P0/E = 30000/220 = 136.36 A

Ib = (1 - k) Is or k = 136.36/272.73 - 1 = 0.5

(b) Rch = (1 - k) E/Is =d - 0.5) x 220/272.73 = 0.4033 Q

Problem 5-5

Vs = 110 V, L = 7.5 mH, E = 220 V

From Eq. (5-28), U(t) = (110 x 103/7.5) t + Ii

From Eq. (5-29),

i2(t) = [(110 - 220) x 103/7.5) t + I2 = -(110 x 103/7.5) t + I2

where I2 = ii(t=kT) = (110 x 103/7.5) kT + Ii

I-L = |2[t=(l-k) kT] = -110 x 103/7.5) (l-k)kT + I2

Solving for Ii and I2 yields Ii = 0, I2 = (110 x 103/7.5) kT

ii(t) = (110 x 103/7.5) t, for 0 < t < kT

I2(t) = -(110 x 103/7.5)t + (110 x 103/7.5)(l-k)T, for 0 < t < (1 - k) T.

44



Problem 5-6

Vs = 600 V, R = 0.25 Q, L = 20 mH, E = 150 V, k = 0.1 to 0.9 and f = 250

Hz

For k=0.1, the load current is discontinuous

From Eq. (5-15), I2 = 8.977

From Eq. (5-16), Ii = 0, AI = 8.977 A and Ia = 4.4885 A

For k=0.2, the load current is discontinuous

I2 = 17.9103 A, Ii = 0 A, AI = 17.9103 A and Ia = 8.955 A

For k = 0.3

I2 = 0.9851 Ii + 26.7985, Ii = 0.9656 I2 - 20.6367

I2 = 132,64 A, Ii = 107.44 A, AI = 25.2 A and Ia = 120.04 A

For k = 0.4

I2 = 0.9802 Ii + 35.64, Ix = 0.97044 I2 - 17.733

I2 = 374.42 A, Ii = 345.62 A, AI = 28.8 A and Ia = 360.02 A

Fork = 0.5

I2 = 0.9753 Ii + 44.44, Ii = 0.97045 I2 - 14.814

I2 = 615 A, Ii = 585 A, AI = 30 A and Ia = 600 A

Fork = 0.6

I2 = 0.97044 Ii + 53.2, Ii = 0.9802 I2 - 11.881

I2 = 854.38 A, Ii = 825.58 A, AI = 28.8 A and Ia = 840 A

For k = 0.7

I2 = 0.9656 Ii + 61.91, Ii = 0.9851 I2 - 8.933

I2 = 1092.6 A, Ii = 1067.4 A, AI = 25.2 A and Ia = 1080 A

For k = 0.8

I2 = 0.9608 Ii + 70.58, Ii = 0.99 I2 - 5.97

I2 = 1329.6 A, Ii = 1310.4 A, AI = 19.2 A and Ia = 1320 A

For k = 0.9
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I2 = 0.956 Ii + 79.2, Ii = 0.995 I2 - 2.99

I2 = 1565.4 A, Ii = 1554.6 A, Al = 10.8 A and Ia = 1560 A

Problem 5-7

Vs = 600 V, R = 0.25 Q, L = 20 mH, E = 150 V, k = 0.1 to 0.9 and f = 250

Hz

The maximum ripple occurs at k = 0.5.

From Eq. (5-21), Almax = (600/0.25) tanh [0.25/(4 x 250 x 0.02)] =

29.9985 A.

From Eq. (5-22), Almax = [600/(4 x 250 x 0.02)] = 30 A

Problem 5-8

Vs = 10 V, f = 1 kHz, R = 10 Q, L = 6.5 mH, E = 5 V and k = 0.5.

V •= 10 R:=10 L:=6.5-10~3 f := 1000
o

E : = 5 k :=0 .5 T := - T-R
f /- L z=1 .54

From Eq. (5-35), we get

Vs-k-z e-0-k)-z VS-E

' R i_e-(1-k) 'z4 R I] = 1.16 A

From Eq. (5-36), we get

12 :~ R ". -d-k)-z+ R 12 = 1-93 A
1 C-

AI = 0.77
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Problem 5-9

Vs = 15 V, AVC = 10 mV, AI = 0.5 A, f = 20 kHz, Va = 5 V and Ia = 0.5 A

(a) From Eq. (5-48), Va = k Vs and k = Va/Vs = 5/15 = 0.3333

(b) From Eq. (5-52), L = 5 (15 - 5)/(0.5 x 20000 x 15) = 333.3

(c) From Eq. (5-53), C = 0.5/(8 x 10 x 10'3 x 20000) = 312.5 n

(d) u 'a
V,

R = 10

From Eq. (5-56) Lc(k) := î  Î OJMHO4 = 166.75

From Eq. (5-89) c,(k) := l-^-c

16-Lc(0.333).f2 Cr(0.333).106 = 0.

Problem 5-10

Vs = 6 V, Va = 15 V, Ia = 0.5 A, f = 20 kHz, L = 250 ^H, and C = 440

(a) From Eq. (5-62) 15 = 6/(l - k) or k = 3/5 = 0.6 = 60 %

(b) From Eq. (5-67), AI = 6 x (15 - 6)/(20000 x 250 x 10'6 x 15)

= 0.72 A

(c) From Eq. (5-65), Is = 0.5/(1 - 0.6) = 1.25 A

Peak inductor current, I2 = Is + Al/2 = 1.25 + 0.72/2 = 1.61 A

(d) From Eq. (5-71), AVC = 0.5 x 0.6/(20000 x 440 x 10'6) = 34.1 mV
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R := —
"a

R = 30

From Eq. (5-72) Lc(k) :=

From Eq. (5-73) Cr(k) :=

2-f

2-f-R

Lr (0.6) -10 = 180 jiH

C_(0.6)-10 = 0.5

Problem 5-11

Vs = 12 V, k = 0.6, Ia = 1.5 A, f = 25 kHz, L = 250 jiH, and C = 220 ^F

(a) From Eq. (5-78), Va = - 12 x 0.6/(1 - 0.6) = - 18 V

(b) From Eq. (5-87), the peak-to-peak output ripple voltage is

AVC = 1.5 x 0.6/(25000 x 220 x 10'6) = 163.64 mV

(c) From Eq. (5-84), the peak-to-peak inductor ripple voltage is

AI = 12 x 0.6/(25000 x 250 x 10"6) = 1.152 A

(d) From Eq. (5-81), Is = 1.5 x 0.6/(1 - 0.6) = 2.25 A

Since Is is the average of duration kT, the peak to peak current of transistor,

IP = Is/k + AI/2 = 2.25/0.6 + 1.152/2 = 4.326 A

-V.
(e) R:= R =

From Eq. (5-
2-f

From Eq. (5-89) c,(k) :=
2-f-R

Lc(0.6)-10 =

C,(0.6)-10 = i (iF

Problem 5-12

Vs = 15 V, k = 0.4, Ia = 1.25 A, f = 25 kHz,

350 nH and C2 = 220 ^F
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(a) From Eq. (5-100), Va = - 0.4 x 15/(1 - 0.4) = - 10 V

(b) From Eq. (5-103), Is = 1.25 x 0.4/(1 - 0.4) = 0.83 A

(c) From Eq. (5-106), All =15 x 0.4/(25000 x 250 x 10'6) = 0.96 A

(d) From Eq. (5-112), AVci = 0.83 (1 - 0.4)/(25000 x 400 x 10'6) = 50 mV

(e) From Eq. (5-109), AI2 = 0.4 x 15/(25000 x 350 x 10'6) = 0.69 A

(f) From Eq. (5-113), AVc2 = 0.69/(8 x 25000 x 220 x 10'6) = 15.58 mV

(g) From Eq. (5-120), AIL2 = 1.25/(1.0- 2 X 0.4) = 6.25 A

IP = Is + Ii/2 + IL2 + Al2/2 = 0.83 + 0.96/2 + 6.25 + 0.69/2 = 7.91 A

Problem 5-13

Vs = 15 V, k = 0.4, Ia = 1.25 A, f = 25 kHz, LI = 250 ^H, Ci = 400 ^F, L2 =

350 î H and C2 = 220 jaF

,3
V •= 15 k := 0.4 I _ : = 1.25b a

From Eq. (5-115) Lcl(k) :=

From Eq. (5-116) Lc2(k) := (1 k)'R

From Eq. (5-117) Cr1(k):=

f :=25-10

2

= 4.32

2-f-R

Lc2(0.4)-1000-0.14 mH

Ccl(0.5)-10 = 0.83 jiF

From Eq. (5-118) Cc2(k) := — cc2(0.5).106 = 0.42

Problem 5-14

Vs = 110 V, Va = 80 V, Ia = 20 A
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AVC = 0.05 x Va = 0.05 x 80 = 4 V

R = Vg/Ia = 80/20 = 4 Q

From Eq. (5-48), k = Va/Vs = 80/110 = 0.7273

From Eq. (5-49) Is = k Ia = 0.7273 x 20 = 14.55 A

AIL = 0.025 x Ia = 0.025 x 20 = 0.5 A

AI = 0.1 xl a = 0.1 x20 = 2 A

(a) From Eq. (5-51), we get the value of U

L _
fVs 2x\OkHz x l l O

=

From Eq. (5-128), we get the value of Ce

A/ 2
C= = 6.25

Assuming a linear rise of load current iL during the time from t = 0 to ti = k

T, Eq. (5-129) gives the approximate value of L as

0.7273x4
AILf Q.5xlQkHz

=

Problem 5-15

PSpice simulation

Problem 5-16

k = 0.4, R = 150 Q, rL = 1 Q and rc = 0.2 Q.
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k := 0.5 R := 150 rL := 1 rc := 0.2

(a) Buck

G(k) :=

(b)Boost

G(k) :=

k-R

R + rL

1-k
(1-k) -R

- R + r L + k - ( l - k ) -
VR

r c + R

(c)Buck-Boost

-k
G(k) :=

1-k
0-kr-R

• R + r L + k - ( l -k)-

G(0.5) = 0.5

G(0.5) = 1.95

G(0.5) = -0.97
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