Step 1 0f4
(a)

According to ohms law relation between ¥/, y and R is¥V = RI

Resistance R is | kQ)

Voltage ¥ is §V

V=Rl

5 V=(1000 Q)I
5V

1000 Q
I=5mA

Current f is

I=

=1
1.001pP

Step 2 of 4

(b)

Voltage V' is §V

Current J is | mA

V=Rl

5V=R(1x10” A)
5V

10° A
R=5kQ

Resistance R is m

R=

Step 30f 4

(©)

Resistance R is 10 kQ2

Current 1 is 0.1 mA

V=Rl

v =(10x10° ©)(0.1x10° A)
V=1V

Voltage V¥ is

Step 4 of 4
(d)
Resistance R is 100 Q
Voltage V' is § V
V=Rl
5V =(100 Q)I

5V

I=—

100 Q
I=50 mA

Current 1 is [50 mA




Step 1 of 1

Calculate the source resistance.

\/
=0C
Rs
¢

Here,

Voo is the open circuit voltage.

ix, is the short circuit voltage.

Substitute 10 mV for v,, and 10 4A for iy, .

_10x107
T 10x107°
-1
T 1x107
=1x10*

=1kQ

R,

Therefore, the source resistance, R, is @ .

1
1.002E




Step 10f7 1.002P

(a)
Value of resistance R is | kQ

Current flowing through | kQQ resistor is 20 mA
Power (P) dissipated in the resistor is y2p
P=I'R

=(20x10%)* (1000 Q)

=04W
Power (P) dissipated in | kQ resistoris 0.4 W

For safe operation standard component having power rating greater than 0.4 W should be selected and
hence 1/2 W or | W or2 W power rating components are used.

Step 2 of 7
(b)
Value of resistance R is | kQ

Current flowing through | k§Q resistor is 40 mA
Power (P) dissipated in the resistor is y2p
P=I'R

=(40x10*)* (1000 Q)

=l6W
Power (P) dissipated in | k() resistoris 1.6 W

For safe operation standard component having power rating greater than 1 ¢ W should be selected and
hence 2 W power rating components are used

Step 3of 7
(©
Value of resistance R is 100 kQ
Current flowing through 100 k€ resistor is | mA
Power (P) dissipated in the resistor is y2p
P=I'R
=(1x10)’ (100000 )
=0.1W
Power (P) dissipated in 100 kSQ resistoris 0,1 W

For safe operation standard component having power rating greater than ,] W should be selected and
hence 1/8 w or]/4 w orl/z W or] Wor2 W power rating components are used

Step 4 of 7
(d)
Value of resistance R is 10 kQ

Current flowing through 10 kSQ resistor is 4 mA
Power (P) dissipated in the resistor is y2p
P=I'R

=(4x10?)* (10000 Q)
=0.16 W

Power (P) dissipated in 10 kQ resistoris 0,16 W

For safe operation standard component having power rating greater than (0,16 W should be selected and
hence 1/4 W or 1/2 W or] Wor2 W power rating components are used

Step 5of 7
(e)
Value of resistance R is | k)

Voltage drop across the resistance is 20 V

2
Power (P) dissipated in the resistor is V_
R
y?
o)
1kQ
=04W

Power (P) dissipated in | k() resistoris 0.4 W

For safe operation standard component having power rating greater than 0.4 W should be selected and
hence 1/2 W or] Wor2 W power rating components are used

Step 6 of 7
M

Value of resistance R is | kQQ

Voltage drop across the resistance is 11 V

2
Power (P) dissipated in the resistor is V_

2
P=V—

R
0
1kQ

=0.121W

Step 7 of 7

Power (P) dissipated in | kQ resistoris 0,121 W
For safe operation standard component having power rating greater than (,]12] W should be selected
and hence 1/8 w or|/4 W or ]/2 Wor] Wor2 W power rating components are used



[~ B
Step 1 0f6 1.003E

Draw the circuit diagram.

Figure 1

Step 2 of 6

The output voltage that appears across the load resistance is,

vV, =V, RL
° C\R +R

Calculate the output voltage for RL =100 kQ .

ool
R+ R

—(10x10 100x10°
Substitute 100x10* for R, . 1x10°* for R, and 10 mV for v, . _( x ) 100x10° +1x10°

100
=(10x107%)( —
(10x10 )( 101)
=99 mV
Therefore, the output voltage, v, for R, =100 kQ is .

Step 3 0of 6

Calculate the output voltage for RL =10k .

v, =V, R
o s RL+ R;

Substitute 19x10* for RL . 1x10° for R, and 10 mV for v
R,

T "‘[RL: R,]
_ 10x10°

=(10x107) ———
( )(mxlo’ +lxl03)

= (lelO")(%]

=9.1mV

Therefore, the output voltage, v, for R, =10 kQ is .

Step 4 of 6

Calculate the output voltage for RL =1kQ .

Yy =V, R
° C\R +R
Substitute | 10* for RL . 1x10® for R, and 10 mV for v -
R
v,=v,(kl :&]
1x10°
=(10x103) ———
( )(lxlo’-uxlo’)

3\ 1
=(10x107)( -
(ox10))
=5mV
Therefore, the output voltage, v, for R, =1kQ is .

Step 5 0f 6

Calculate the output voltage for R, =100 Q .

v, =V, RL
° \R+R

Substitute 100 for Rz . 1x10? for R’ and 10 mV for v

V, =V, _RL_
° R +R,

= (lelO")[ﬁ]

= (10x10%) ﬁ)
1100
=09 mV
Therefore, the output voltage, v, for R, =100 Q is .

Step 6 of 6

The output voltage is 80 % of the source voltage.
That is, Vo = 0.8 vy -

Write the formula for output voltage.

v, =V, RL
° \R +R

Substitute 1 k€2 for R, and 0.8v, for v, .

0.8v, =v, —Rl—3
Ry +1x10

0.8= _ &
R+ 1x10°

0.8R, +800=R,
0.2R, =800

Ry =4000
=4KkQ

Therefore, the load resistance, R; is .




Step 10f5
(a)
Resistance R is | k()
Current J is S mA
According to ohms law ¥ = JR
V=IR
=(5x10" A)(1000 Q)
=5V
Voltage V¥ is
According to power law P=¥7
P=VI
=(5 V)(5x10® A)
=0.025 W

Power p is

1
1.003P

Step 2 of 5
(b)
Voltage ¥ is §V
Current J is | mA
According to ohms law ¥ = JR
V=IR
5V=(1x10" A)R
=3V
(1x10* &)
R=5kQ

Resistance R is [5 kQ
According to power law P =7
P=Vi
=(5V)(1x10” A)
=0.005W
Power p is

Step 30f 5
(©
Voltage ¥ is 10V
Power p is 100 mW
According to power law P =7
P=vi
(100x10™ W)=(10V)?
(100x10° W)

(iov)
I=10mA

Current 1 is [10 mA]

According to ohms law ¥ = JR

V=R
10V =(10x10" A)(R)
__lov
(10x10™ A)
R=1kQ

Resistance R is [1kQ)]

Step 4 0f 5
(d)
Current J is | mA
Power pis | mW
According to power law p = y7
P=VI
(1x107 W)=¥(1x10" A)
V=1V
Voltage y is
According to ohms law ¥ = JR
V=IR
1V=(1x10" A)(R)

1V
R=1kQ

Resistance R is [1kQ]

Step 50f 5

()
Resistance R is | kQ)

Power pis 1| W
Power pis p2p
P=I'R
1w=p2 (1000 Q)
I= ’; A
1000
1=0.032 A
Current f is
According to ohms law ¥ = JR
V=IR
=(32x10? A)(1000 Q)
=32V
Voltage ¥ is |32 v|




Step 1 0f6 1.004E

Draw the circuit diagram.

I CT) R, Ry

Figure 1

Step 2 of 6

Write the expression for output current using current division rule.

i, =i +R
° ’[Rs"'RL)

Calculate the output voltage for RL =] k€ by substituting 1x10* for RL . 100x10° for R_‘ and
10x1078 for i; -

i =(10><1o")[—")0"”’3 ]

100x10° + 1x10°
- -6)( 100
—(lelO )(101)
=99 uA

Therefore, the output current, §, for R, =1k&2 is .

Step 3 0f6

Calculate the output voltage for RL =10 k€ by substituting 10x10° for RL . 100x10® for R_‘ and
le10'6 for i, in the output current expression.

- _{10x10° 100x10°
in=(10x10 )[100xlo3+10xlo3)

100
=1 )| =
(10x10 )( T 0]
=9.1pA
Therefore, the output current, §, for R, =10 kQ is i

Step 4 of 6

Calculate the output voltage for RL =100 k€2 by substituting 100x10® for RL . 100x10° for R_‘ and
le10'6 for i, in the output current expression.

. _(10x10 100x10°
in={10x10 )[100x103+100x|o3)

~(1ox10%)( 192
=(10x10 )[200]
=5uA
Therefore, the output current, i for RL =100k} is .

Step 50f 6

Calculate the output voltage for RL =] MQ by substituting 1x10¢ for RL . 100x10* for R_‘ and

le10'6 for i, in the output current expression.

. _(10x10 100x 10°
in=(10x10 )[lwxlo3+|xlo‘)

100
=1 )| —
(10x10 )[ 1 100]
=09 pA
Therefore, the output current, #, for R, =100 kQ is R

Step 6 of 6

The output current is 80 % of the source current.
That is, io = 0,8is .

Write the formula for output current.

i =i R
° SRy +R,

Substitute 100 k€ for R, and 0.8i, for §, .

0.8i, =1, _100xi0? _
Ry +100x10°

0.8= L“”a

Ry +100x10
0.8R, + 80x10° =100x10°
0.8R, =20x10°

R, =25x10°Q
=25k

Therefore, the load resistance, Ry is @l .



Fsten 1arro 1.004P

D¢ ke parauil, series, and series-paraiel

An possible paratie: combinations:

Connect au the three resistors in paraiie: as shown in Figure 1

Figure 1

Stop20f 19
Caicuiate the equivaent resistance.
10x10°)i{20x10°) 1 (40x10%)
=(10x10°) ) (20x10° || 40xi0°)

20x10° +40x10°

=10x10°)|(13.333x10°)
_(10x10°)(13.333x10%)
T =10x10° +13333x10°

_133.33x10°
23333
=5.714x10° Q

Therefore, the equivaient resistance vauie s, Ry,

Stop 30l 19
Connect the two resistors 10KE2 and 20kS in paraiier as shown in Figure 2.

10kQ

20kQ
Figure 2
Stop 40119
Calculate the equivalent resistance.

Ry =(10x10°) ) (20x10°)

10x10° !Mxlo’

= 10x10° +20x10°
_200010°

30
=667x10°Q

Therefore, the equivaient resistance vatue is. Ry,

Step 5 0f 19
Connectthe tworesistors 20k and 40k in parae as shown in Figure 3.
20kQ
Figure 3
Stop 6 of 19

Calculate the equivalent resistance
R, =20x10°))40x10°
(20x10°)(40x10°)
= 2010 + 40x10°
_ 800x10°
)
=13333x10°

Therefore, the equivaient resistance auie s, Ry,

Step7of 19
Connect the tworesistors 10KC2 and 40kS2 i paralien as shown in Figure 4.
10kQ

Stop8or s
Carcuate the equivaent reistance.
Ry =(10x10°) ) (20x10%)
_[1x10°)(20x10%)
TI0xI0 +20x10
_ 400x10°

50
=8k

Therefore. the equialent resistance value s, B, =82

Step8of 19
An possible series combinations:

Connect the two resistors 10k and 20k are in series as shown in Figure 5.

10kQ 20k

Figure 5

Cacuate the equivaient resistance

R =10x10°+20xi0°
=30x10°

Therefore. the ecuivaient resistance vae i, R,y =30K82

Stop 1001 19

Connect the two resistors 10k and 40k are in series as shown in Figure 6.

10kQ 40kQ

Figure 6
Calculate the equivalent resistance.
R, =10x10 +40x10*
=50x10°

Therefore, the equivatent resistance vaiue is. Riyg = SOKCY

Step 11 of 19
Connect the tworesistors 202 and 40kEY are in series as shown in Figure 7.

20kQ  40kQ

Figure 7
Cacute the equivaient resistance
R,;=20x10°+40x10°
=60x10*

Therefore, th equivaient resistance vauue i, Ry, = 60kE

Stop 120119
‘Connect an the three resistors in serles as shown In Figure 8.

10kQ 20kQ  40kQ

Figure 8
Caicuiate the equivarent resistance.
Ryg =10x10°+20x10° + 40x10°
=70x10

Therefore, e equivelent resistance value s, Riq = T0KE

Step 130119

All possible series-peralie! combinations.
Connect the parallel combinalion of 20K and 40 k€Y resistor n series with 10 k€ resistor as shown
Figure 9

20kQ

10kQ

Figure 9

Stop 1401 19

Calculate the equivalent resistance.
k',:wxmu(zuxm’nwxW)

wm’[%]

=10x10? +(m%f°’]

=10x10’ +(13.333x10%)

=23.333x10°

Therefore, the equiuaient resistance ualue is, R, = 23333k

Step 150119

‘Connect the paraties combination of 10 k(2 and 40k resistor in sefies with 20 k) resistor as shown in
Figure 10.

10kQ

40kQ
Figure 10
Calculate the equivalent resistance.
R =20x10° +(10x10° ) 40x10°)

10x10° (4oxm’)]

=2°"'°’+[ 0x10° +40x10°

=zoxm’+[‘°"%f°’]

=20x10°+{8x10°)
=28x10°

Therefore, the equivatent resitarice uaive s, Ry = 28 kX

Stop 1601 19

Connect the pararie: combination of 10 k(2 and 20 k€2 resistor in series with 40 k) resistor as shown in
Figure 11

10kQ

40

:

20kQ
Figure 11
Calculate the equivalent resistance.
R =40x10° +(10x10° | 20x10°)

10x10°){20x10°
i o Q020
10x10° +20x10°
200x10°
=40x10 +| ——
. [ e ]
=40x10°+(667x10°)
=4667x10° Q
=4667k0
Therefore, he equivaient resistance uawe s, Ry, =46.67 k2

‘Connect the series combination of 10KE2 and 20KEY fesistorin paraiel with 40 ke resistor as shown in
Figure 12.

20kQ 10kQ

]

40kQ

Figure 12

Step 17 of 19
Calculate the equivalent resistance.
Ry =(10x10° +20x10°) | 40x10°
=(30x10°))) 40x10°
30x10°){40x10°)
30x10 +40x1
_1200x10°
7

=17.143x10°

Therefore, tne equnaent esisance vaui s, Ry =17.143 k02

Step 18 0f 19

Connect the senes combinalion of 10kC2 and 40 k<2 resistor in paralles with 20 k() resistor as shown in
Figure 13

40 kQ 10kQ

:

20k
Figure 13
Caicuiate the equivaent resistance.
Ry =(10x10° +40x10°))) 20x10°
=(50xI0’)||2ﬂxl0’
_(soxi0)(20x10%)

7 50x10° +20x10°
_ 1000x10
)

=14.285x10°

Therefore, he equisalent resistance uawe s, Ry =14.285k0

Step 190119
‘Connect the series combination of 20k and 40k{Y resistor in paraiiel with 1 k(Y resistor as shown in
Figure 14.

40 kQ 20kQ

]

10kQ
Figure 14
Caicuate the equivaient resistance
Ry =(20x10° +40x10°))10x10°
.(wxlo’)ulouo’
_(s0a1e)(1010%)
T 60x10° +18x10°

_ 600x10°
)

=8.57x10° Q

Therefore, the equivaient resistance vaiue s, R,y = 8.57kQ2
Au possible individuai resistors are,

Ry =10k

R = 20602

Ry =40k

Therefore, the totar passibie resistances are

‘The vaiues from iowest vaiues to highest vailes are.

Ry =5714K0, R, =667k, R, = 8K, R, =857KL R, =10K0,
R, =12333KQ, R, =14285K0, R, =17.143 K00, R, =20K02,
Rys=23333K0%, R, =28 K02, R, =J0KQ, R,,, =40KQ, R, =46.67 kQ
Ryys =50k, R, =60k, R =70




Step 1 0f 2
The time period of the sine-wave signalis, T=1ms .

Calculate the frequency.
1

-

Substitute 1 ms for T .

=1
T1x10?
=1x10°

=1000 Hz

Therefore, the frequency, f is R

S

1
1.005E

Step 2 of 2
Calculate the angular frequency.
o=2zf
Substitute 1000 Hz for f .
o =27(1000)
=27(1000)
=27 x10° rad/s

Therefore, the angular frequency, @ is |24 x 10* rad/s| -




Step 10f8

The original resistor value is, R =10k
Calculate the equivalent resistance of two parallel connected resistors.
R, =R| Ry,

__RRo,
R+Rg,,,

The equivalent resistance value is reduced by 1%.

Calculate the shunt resistance value.
0.99(10x10°) =10x10 || Ry,,,,

(10x10°) R,

10x10° + Ry,
(9.9x10°}(10x10° + Ry, ) =(10x10°) Ry,
(99)(10x10° + R, ) = 10R,,,

99x10° +9.9R,,, =10R,,,
99x10° =10R;,_, -9.9R,,.,,
99x10* = 0.1R,,,
_99x10°

R =01

Ry =990 k2

(9.9x10*)=

1.005P

Therefore, the value of shunt resistor, Rs_‘ when the combined resistance is reduced by [% . is

:

Step 2 of 8
The equivalent resistance value is reduced by 5%.

Calculate the shunt resistance value.
0.95(10x10°) =10x10° || R,,,,
(10x10°)R,,,.,

10x10° + Ry,
(9:5%10°)(10x10° + Ro,.. ) =(10x10°) R
(9:5)(10x10° + Ry, ) = 10R,,,,

95x10° +9.5R,,, =10R,,,

95x10° = 10R,,, -9.5R,,
95x10° = 0.5 Ry,

_95x10°
Rom =05

R =190 kQ

(95x10°)=

Q

Therefore, the value of shunt resistor, Rs_‘ when the combined resistance is reduced by §%,. is

:

Step 30f8
The equivalent resistance value is reduced by 10%.
Calculate the shunt resistance value.

0.90(10x10°) =10x10 || Ry,,,,

(10x10°) K.,
10x10° + Ry,

(9x10°){10x10° + Ry,,., ) =(10x10*) Ry,,.,

(9)(10x10° + Ry, ) =10R;,,

90x10* +9Rg,,, =10Rg,

90x10* = 10Rg0 — Reru

90x10* =1Ry,,,
_90x10°

B ==

(9x10°)=

Q

Ry =90 k02

Therefore, the value of shunt resistor, Rs_‘ when the combined resistance is reduced by [ (% . is

:

Step 4 of 8
The equivalent resistance value is reduced by 50%.
Calculate the shunt resistance value.

0.5(10x10°)=10x10* || Ry,,,

_(10x10*) Ry
(sx10°)= 10x10° + Ry,

(5x10°)(10x10° + Ry, ) =(10x10°) Ry
(5)(10x10° + R, )= 10R,,,

Step 50f 8

Simplify further.

50x10° +5Rg 0 = 10Rg
50x10° = 10Rg, — SR
50x10° =5Rg0m

Rm=50>;lo’ a

Ry =10kO

Therefore, the value of shunt resistor, Rs_‘ when the combined resistance is reduced by (% . is

:

Step 6 of 8

Calculate the resultant resistance if Rsu- =IMQ .

(10x10°)(1x10°)
" [10x10°)+{1x10%)
_ (10x10°){1x10%)
T o0t

1.01
=9.9kQ

Therefore, the resultant resistance, R,y if Rg,, =1MQ is R

Step 7 of 8

Calculate the resultant resistance ifRsn... =100kQ2.

(10x10%)(100x10%)

_ (10x10°)(100x10°)
T 10x1¢
_loox10°

BT

=9.091k0

Therefore, the resultant resistance, R, if Ry, =100k is i

Step 8 of 8

If Calculate the resultant resistance if Rsm =10k .

x10°)(10x10°
_{10x10*){10x10*)
T 20kt
_looxio*

20
=5kQ

Therefore, the resultant resistance, R, if R, =10k is m R



Step 10f 3

(a)

The frequency of the sine wave is, _/' =60Hz .
The time period is,

r=1
S

Substitute 60 Hz for f .

=16.7x10" s
=16.7 ms

Therefore, the time period of the sine waveform, T is

1
1.006E

Step 2 of 3
(b)
The frequency of the sine waveis, f= 10°Hz -

The time period is,

Substitute 107> Hz for f .

_ 1
“107
=10
=1000s

Therefore, the time period of the sine waveform, T* is .

T

Step 30of 3
(©)
The frequency of the sine waveis, f=1MHz .

The time period is,

Substitute 1 MHz for _/' .

1
Te—
1x10°
=1x10"s
=1ps

Therefore, the time period of the sine waveform, T is |1 psl .




I~ N
Step 1 0f 3 1.006P

Refer to Figure P1.6 in the textbook.

Draw the modified circuit of Figure P1.6.

R,

+ O

VDD'____ Rz

o

Ol

L

Figure 1

Step 2 of 3

Calculate the output voltage, Vo using voltage division rule.

& [M )( Yoo)

Therefore, the output voltage, ¥, is L 17 .
P Yo [&+R,)( )

Draw the circuit diagram, to calculate the Thevenin resistance.

R,

Figure 2

Step 30f 3
From Figure 2, the equivalent output resistance is,
R, =R IR
RlR
TRR,

RR,
R+R,

Therefore, the output resistance, Ro is




Step 1 0f2

Ultra High Frequency range is from 470MHz to 806 MHz .
Starting channel is 14

Channel bandwidth, BW =6 MHz .

Calculate the number of channels.

=&
BW
Substitute gx10° for BW -

_ 806x10° —470x10°
B 6x10°

_ 336x10°

" 6x10°

=56

N

Therefore, the total number of channels, N is X

1
1.007E

Step 2 of 2
Calculate the last channel.
N, = before starting channel + total number of channels

=13+56
=69

Therefore, the channels that can be accommodated are |14 to 69| -




Step 10of 5

Voltage divider circuit shown in the figure 1

5V

A\

3kQ

—Ov,

-3
2m%
Figure 1

1.007P

Step 2 of 5
Power supply voltage Vw is§V
Voltage across 2 kg3 resistor is,
14 Vo
T (3+2) Kk
=—5Y
(3+2)k
=2V

Output voltage ¥, is

(2kq)

(2kq)

Step 3 of 5

Resistors have a manufacturing tolerance of +5%,

Minimum value of 2 k) resistance is,
2 kﬂ—(m) kQ=1.9kQ
100

Maximum value of 2 kQ resistance is,

2m+[ﬂ) K2=2.1kQ
100

Minimum value of 3 k) resistance is,

3 m-(ﬁ

kQ=2385kQ
2] k=285

Maximum value of 3 kQQ resistance is,

zkm[ﬁ) KQ=3.15kQ
100

Step 4 0f 5

Minimum output voltages of the circuit is obtained when we use the minimum value of resistances 1.9 kQ

and maximum resistance 3,15 kQQ
Voltage across 1.9 kQ resistor is,
Ve Yo
(3.15 +l.9) kQ
3V ___
(315+19) ka
=188V

Output voltage ¥, is [1.88 V/

(19 k)

(19kQ)

Step 5of 5

Minimum output voltages of the circuit is obtained when we use the maximum value of resistances 2.1 kQ3

and minimum value of resistance 2 85 kQ2
Voltage across 2] k3 resistor is,
VooV
(285+2.1) kQ
——3Y ___
(2.85+2.1) kQ
=212V

Output voltage ¥, is [2.12 V]|

(2.1kQ)

@1k)

Extreme output voltages of voltage divider circuitis 1 88 V and 2,12V



Step 1 0f6

Refer to Figure 1.5 in the textbook for square wave signal.

The Fourier series for the signal is,
v(f) =£[sin ayt +lsin 3opt +lsin Sopt +)
x 3 5
Calculate the total power, p .
2
PN
T R
1 (7,2
—EL (V) dt
y?oer
=zrh (04

Vz
=E[']:

1.008E

Step 2 of 6

Calculate the total power by summing the contribution of each harmonic component.

P=v—
R
=PI+)=;+P’+...
(&), (&) (3]
= 2 + z + ﬁ +oe
R R R

1 4v]’ 1 «w]’ 1[4v]’
=—|—| +—| —| +—| —]| +:-
2Rl # 2R 3% 2R| 5%

2
=ﬂ[] +l+l+...)
27°R

A3

Step 3 of 6

The value of % l+l +L+-.. is nearly equal to 1.
x 9 25

Therefore, the total power will be as follows:

From equations (1) and (2), it is clear that the two approaches are equal.

2
Consider the calculation of the infinite series in the parentheses has a sum that approachesL.

Step 4 of 6
Calculate the fraction of energy in its fundamental.
8
E==(1
=50
=081
Therefore, the fraction of energy in its fundamental, E, is .

Calculate the fraction of energy in its first five harmonics.

8 1 1
Ei=—|l+-+—
: x’( * ]
=093

Therefore, the fraction of energy in its first five harmonics, E; is .

Step 50f 6

Calculate the fraction of energy in its first seven harmonics.

8 1.1 1
E==|l+-+—+—
’ x’( 9 25 49]
=095

Therefore, the fraction of energy in its first seven harmonics, E, is .
Calculate the fraction of energy in its first nine harmonics.
8 11 1 1
Ej=—| 4ttt —t—
x 9 25 49 81
=0.96

Therefore, the fraction of energy in its first nine harmonics, E, is .

Step 6 of 6

Calculate the fraction of energy in its first three harmonics.

(]

=09
=90%

Hence, the fraction of energy in its first three harmonics, E, is 90% -

Therefore, 9(% of the energy of the square wave is in the first E harmonics.



Step 10f 8

Each resistor value is 10 kQ

Battery voltage is 9 Y .

0]

Connect all the resistors in series as shown in Figure 1.

10kQ 10kQ

AMNV—L AN
9VJ_
1

10kQ

MWV

Vs

Figure 1

l1.o008P

Step 2 of 8

Calculate the voltage, VA using voltage divider rule.

10 kQ+10 kO
Va '[10 kQ+10kQ+10 m)(9 v)

=6V

Calculate the equivalent output resistance.

R, =(10kQ-+10ke2)| (10k2)
=20kQ |10k
(20kQ)(10kR)
= 20k0+10k0
=6.667 kO

Therefore, the output resistance, Ra is [6.667 k)| -

Step 3 0of 8
Calculate the voltage, V, using voltage divider rule.
10kQ

=| ————|(9V

e [lomnomuom)( )
1
=| - {9
(5

=3V
Calculate the equivalent output resistance.
R, =(10m)||(10kﬁ+l0kﬂ)

=20k 10kQ

_ (20k0)(10k02)

"~ 20kQ+10kQ
=6.667kQ

Therefore, the output resistance, R, is [6.667 k€Y -

Step 4 of 8

(i)

Draw the circuit diagram with series parallel resistors.
These are two cases,

Case (a):

10kQ Ve 10kQ

J_VW
L

9V
10kQ

Figure 2

Step 50f 8
Calculate the voltage, VC using voltage divider rule.

10KQY10kQ
G =[1om+(lom||lom)](w)

5 kQ

=| =—|(9

[10 kQ+5 m)( V)

5kQ

=|===|(o

(s
=3V

Calculate the equivalent output resistance.

R, =(10kQ) |1 (10kQNOk)

0kQ)(5kQ
=(l°m)"[(:om)+(sm)]
=(10kQ)|I(5kS2)
_(10x0)(5k2)
" 10kQ+5kQ
=3.333k0

Therefore, the output resistance, R, is .

Step 6 of 8
Case (b):
Draw the circuit diagram with series parallel resistors.

10k2 ), 10kQ

MWV

10kQ

9VJ_
L

Figure 3

Step 7 of 8

Calculate the voltage, VD using voltage divider rule.

10k
Yo =[|om+(1om||lom)](9v)

- ll(l))l::l oy OV
x
'om"[lomnom]

[ 10kQ )(9v)

10kQ+5 kQ

- ['l(;_k"“:)p V)

=6V

Calculate the equivalent output resistance.

R, =(10kQ(|10kS2)||(10kS2)

10kQx 10k
[1om+|om)"('°m)

=5kQ||10kQ
_(10k2)(5k)
T 10kQ+5kQ

=3.333kQ
Therefore, the output resistance, R, is .

Step 8 of 8
(iii)

Connect two resistors in series as shown in Figure 4.

10kQ y. 10kQ
J_ MWNV—E
il
Figure 4

Calculate the voltage, VE using voltage divider rule.

Vg= [ﬁ)p V)

{22
=45V

Calculate the equivalent output resistance.

R, =(10kQ10k)
_ (10k2)(10k02)
10k +10kQ
=5k

Therefore, the output resistance, R, is m .

Therefore, the list of positive sources are [3V,4.5Vand6V| .

For generating 3V and gV . the case (ii) is better than case (i), because it has low

output resistance.





