PROBLEM SOLUTIONSCHAPTER 1.

Solution 1.1. (a) Charge on one electron: -1.6019° 10™° C. This meansthat charge on 10" electrons
is: -1.6019° 10°° C. Net charge on sphereis: 1.6019° 10° C (POSITIVE).

Solution 1.2. (a) 1atom® -4.646" 10™® C. By proportionality, 64g° NA atoms.
3.1g° ? atoms b 3.1g° 3.INA

atoms

18 C . 31 6.023 10%
atom 64

Total Charge =-4.646" 10 atoms =- 1.3554" 10°C

(b) Total charge per atomis-4.646" 10™® C. Total charge per electronis —1.6019" 10%° C. Therefore,
there are 29 electrons per atom of copper.

© 100
(c) 0.91A° 091CIs. i _DQ b :D__Q _136" 10
DX i 0.91

=1.49" 10° sec.

(d) Weknow there are =2.9174" 10% aomsin the penny. Removing 1 electron from

ANA . , 3.INA
3 atoms means removing 0.05 % electrons. Therefore,

0.05"

Net charge = 0.05" 3‘%2%’ 1.6019° 10" 1° =234C

Solution 1.3 () 7.573" 101" (- 1.6019" 10"%)=- 0.1213C

(b) Current = %%2’ =121.3A flowing from right to left.
(c) Again, use proportionaity:

x” 1.6019 10" 1° 10° 60
b x=

= - =375" 107
60sec 1.6019° 10

10A =

(d) i(t) :$ =1- & * A. Thisisan exponentia evolution with an initial vaue of 0, afina value of 1,

and atime-constant of 1/5 (signal reaches ~63% of it’sfinal valuein one time-constant).
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(e) Current isthe dope of the charge waveform. Therefore, by inspection:
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Solution 1.4 (a) 6.023 10* (-1.6019" 10™%) = -9.65" 10* C.

(b) Current flowsfrom right to left (opposite electrons), and:



(c) Using proportionaity:

x  1.6019" 10" 1° b yo_ 5 60
60sec 1.6019" 10°

5A= 5 =187 102

(d) i(t)= % =1+ 0.5pcos(pt) P i(lsec)=1- 1.57=-0.57A. Current flowsfrom left to right.

Solution 1.5 (a) i(t)=1- 4e'2'+3¢"* t3 0. Then

—

t t t
q(t) = t)dt = §1- 4e 2" +3¢ % )dt =t]'y - 48 Pt +3¢ Fat
0 0 0 0

t t
—t- 4[- o.5e'2t]o +3[- 0.333e'3t]0 —t+26 2. g3 g

(b) By inspection:
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(c) q(t)=120cos(120pt). Hence

i(t)= % =-120p”~ 120sin(120pt) =- 14400psin(120pt) A

Solution 1.6. (a) i(t)=1- cos(pt) A. Hence
t t 1 it 1
q(t) = ¢j(t)dt = ¢f1- cos(pt))dt =t - Egn(pt)léo =t- Bsin(pt) C

0 0

(b) Chargeisintegra of current. Graphically, the charge at timet is the area under the current curve up to
timet: (note the quadratic nature between 2 and 4 seconds)



Solution 1.7
Again, Q isthe running area under the current curve. Between 0 and 3 seconds, current decreases linearly

until zero. So, Q= 7.5C. From 010 6: Q= 7.5+ Q3 4= 7.5-U1 05+ -1/1" 0.5+ -1" 1=55C,

where the curve from 3 to 6 was divided into two triangular sections and one rectangular one.

Solution 1.8 Chargeisthe areaunder the current curve. Thus, Q =0.1*4-0.1*2=0.2 C.

Solution 1.9 Calculate the change in energy for the electron: DE = Q DV = 3.218 10°™.

Equate this to kinetic energy:

3.218" 10'15:—;mv2 b v=84"10'm/s

where the mass of an electron, 9.1066" 10! has been substituted.

Solution 1.10 P=VI. Hencel = PIV = 2 10°/120 = 16.6667 A

PROBLEM Solution 1.11 (a) Itisnecessary to integrate thei(t) curveto obtain q(t). We do this
interva by interva:
t
(i) O£EtE£1ms q(t)=0+cpt =t nC
0
t
(i) 1ms£t£2ms, q(t)=1- 2yt =3- 2t nC
1
t
(iii) 2ms£t£3ms, q(t)=-1+ pt =-3+t nC
2



t
(iv) 3mSEt£5ms, q(t)=0+¢f8- 2t)dt =& - t*- 15 nC

3

(v) 5ms£t, q(t)=0 nC
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(b) Voltageisthe ratio of the power and current curve. In this case, the division can be done graphically
by inspection. Note that the ratio of a quadratic function and alinear functionisalinear function:
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Solution 1.12 (a) Vo =PIl =20/4=5V
(b) Pg=VI=2 7=14W

(c) Ve =PIl =-3W/3A = -1V

(d) Ip=PIV =-27W/3V = -9A

(€) Ig=PIV =2/1=2A

(f) Pe=VI=-4 5=-20W

In al of the above, note that the direction of the current flow relative to the polarity of the voltage acrossa
device determines whether power is delivered or absorbed. Power is absorbed when current flows from the
positive termina of the device to the negative one.

Solution 1.13 (a) By inspection: Circuit Element (CE) 1 absorbs—-5W, and CE 2 absorbs 6W.
(b) Compute power absorbed by all elementsincluding independent sources.

l;,: -15
CEl: -5
V,,: -12
CE2: +6
V. 10

l,,: 16



Sum: 0 (Verifies conservation of power.)

Solution 1.14 (a) Compute power absorbed:

l,,: -85
CEl: 98
V,: 33
CE2: 16
V,: -42
L, -20
Sum: O

(b) Add dl terms:

|-source: Pibsorbed = - 3(1- e t) =-3+3 ' wats
V-source: Pibsorbed = - 2(36' t. 1) =-6e '+ 2 watts
CEL:  Pyorbed =3’V 3(1- e't): 9 ! - 96 2 watts

CE2:  Pyorbed =(3e't- )(Be't - 1) =9e' 2. 6e t+1 watts

Simple agebraic manipulation of the the sum of al the above termsrevea sthat the result is zero.

Solution 1.15 (a) When |, =1, P=V,I, = (16-4)" 1=12W. When |, =2, P=V,|, = (16-16)" 1=0.
(b) P=(16-41 )l . Differentiatethisw.r.t. I, and set to zero: 16121 *=0. Therefore, |, = 1.155A.

Solution 1.16 (a) When |, =2, P=(16-4) 2= 24W. When|_=3,P=(16-9) 3=21W.

(b) Maximum occursin theinterval from0to4: P=(16-17) 1,
Differentiatew.r.t. I, and set to zero: 16—3l1,°=0.
Therefore, 1, = 2.31 A.

Solution 1.17 (a) Power isthe product of the current and voltage. We can compute the product
graphically:
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Solution 1.18 (a) Since, i(t)=115- 23t mA,



20
q(7) = gj(t)dt =115t - %g “10%=02415C
to

©c QN

(b) Energy istheintegra of power:

7 7
E = ¢p(t)dt = Ap(t) " i(t)dt = 25¢5(t)dt
0 0 0

=25 0.2415=6.0375 C

Solution 1.19 (a) Dt = 100°F, Rate of temp. increaseis 2.5 Wh/°F per gallon:
Energy = 2.5Wh/°F/gallon” 100°F" 30gallons = 7500 Wh = 2.7" 10'J.

(b) Heater generates P = 120" 10 = 1200 W. We want 7500 Wh. Therefore, the total number of hours
needed is 7500Wh/1200W = 6.25 h.

Solution 1.20 First compute the change in temperature required, in °F:
Dt = 80-25 =55°C = 55" 9/5 °F= 99°F

Next, compute the energy spent every hour, which means on 40 gallons of water:
E = 2.5 Wh/°F/gallon” 99°F" 40gallons = 9900 Wh

Since the heater is not 100 % efficient, we spend more energy than is actually needed to heat the water:
E_spent = 9900 Wh/0.9 = 11000 Wh
So, far, thiswas the energy spent every hour. Over six hours, the total energy spent is:

E,, = 11000" 6 = 66,000 Wh
Finally, the total energy spent per month isE,, = 66,000° 30 = 1980 kWh

and the bill is 1980 kWh" 0.14$/kWh = $277.2

Solution 1.21
Energy =120W "~ 6 h =720 Wh = 0.72 kWh

Therefore, cost per day = 0.72 kWh ™~ 8 = 5.76 cents, and cost per monthis5.76" 31 = $1.785.

Solution 1.22



We need to compute the difference between the inner diameter of the tube and the outer onein order to get
the cross-sectional area:

area= pR2, - pR, = p0.003° - p0.0018% =1.81" 10 3m?

Then, R=17 10% (12/1.81) = 11.3 mW.

Solution 1.23 L =20 m, W = 0.015m, H = 0.001 m. Thus, A=W’ H,and R=5.1" p .~ L/A

=0.116 W.

Solution 1.24. (a) 500 ft, 20 gauge wire: 10.35 W1000 ft from table 1.3. Thisimpliesthat

R=517/5W.

(b) 55ft, 20 gauge, nickd wire:

R=51" 1035, 55=29 W
1000

(c) Ry =29+5.175=8.08 W

Solution 1.25. R(T) = R(20)[1+a(T - 20)]. Substituting at T =-10yields:
21= R(20)[1+0.0039(- 30)] or R(20)=23.78 W
Evaluatingat T =+10yields,

R(10) = 23.78+23.78" 0.0039 " (-10) or R(10) = 22.85W

Solution 1.26. For tungsten, we know that a = 0.0045. Therefore:

R(150) = R(20)[1 +a (T - 20)] =200[1 +0.0045(150- 20)|
= 317W

Rate of change of resistanceis (317-200)/(150-20) = 0.9 W°C.



Solution 1.27. Plug numbersdirectly into the same formulaas problem 1.26:

0.0022 = 0.002 + 0.002" 0.0039(T-20)

Rearrange to obtain: T = 45.64°C.

Solution 1.28. (a) Power inawire: P= I°R. Rearranging, we can express the current as

| = .J P/R.
Substitute given P and R to obtain | = 0.707 mA.
(b) Usethe same formulafor current obtained aboveto get 50 A.

Solution 1.29. Useformulafor power: P = VAR Rearranging, R = VIP=96 W,

Solution 1.30 (a) | =V/R =12 A, out of the positive terminal of the battery.
(b) Up through the resistor.

(c) Absorbed power by resistor: P = V2R =14.4W. Same power isdelivered by source.

(d) Fromtable 1.2 and 1.3, 1000 feet of 18 AWG auminum wire has resistance:

»R1000ft = 1.6*6.51
R1000ft = 1.0416e+01

By proportionality, 1000~ 0.1=L" 10.416. Hence,

»L = 100/10.416
L = 9.6006e+00 meters.

Solution 1.31 (a) V=10V.

(b) P= V4R, which meansthat R = V?/P = 100/25 = 4 W,

(c) I =V/R=10/4=25A. Current flow is downwards through resistor.

(d) Up through resistor.

(e) P=V?/R,, = 100/10 = 10 W. Hence, I, = V/R,, = 1 A. Without applying material from afuture
chapter, alegitimate way to obtain |y, 1Sto apply conservation of power first and then compute | ¢ ce
from the power formula. Hence, Py ree =10 +25 =35 watts. Using material from alater chapter, in

particular KCL, we may concludethat, I, =2.5+1=3.5A. Thus, Py = Ve =10 3.5=35W.

This approach indicates that power is conserved.



Solution 1.32 (a) FromOtols,i(t) = 10°t. Thus, i’R=10 ®t°Risthe power absorbed during this
interval. Integrating this expression for the power from 0 to 1 s gives us the total energy used:

-6,3pf -6
10 0R 5000% = 0.001667 J.

0

Finally, we need to multiply this by 2 to account for the interval from 1 to 2 seconds. Thus, the total energy
spent is3.33 mJ.

(b) The same charge that got transported in one direction during the interval from 0to 1 isbeing
transported back in the interval from 1 to 2 (by symmetry). Therefore, total charge transfer is zero.

Solution 1.33. (a) 60 W + 120 W = 180 W.
(b) P=1V =1 =PIV =180/12=15A.
(c) P=Energy/Time = Time= 1.2 MJ180 W = 6.67" 10% sec = 1.85h.

Solution 1.34. P=I°R. Therefore, 325 =25 (5+4+2R). Solving for R, yieldsR =2 W.

Solution 1.35. (a) Use definition of power and substitute given power:

V,=JP R=,98"2=14V

Similarly, |3:\/E=\/g2 =2A,V;=JP R=\16" 4=8YV, Ig= L;s.s =124 A, and

Vg =486 6 =54 V.
(b) Py = Pejssipaeq = 98 + 12 + 16 + 768.8 + 486 = 1380.8 W.

V.
(©V,=V,+V,=68V. | +1,=1+1,and '4=74' Thus, |, = 1g+ I, — ;= 124 A.

Solution 1.36. (a) Sources are the top, right-most, and bottom left. The reason isthat current flows out
of the positive termina of the device.

(b) The32/16 element isa2 Wresistor. The 54.5/18.167 element isa 3Wresistor. The 13/2.167 element

isab Wresistor. The 93/2.833 element isa 32.827 Wresistor. The 24/5 element isa 4.8 Wresistor.



Solution 1.37. Power: 12 =17°R, which meansthat R=12/I *>. Now, anayzetheloop: 16 =1 (R+4).

Substitute the value of R into this expression: 16:IXT—§+4IX. Hence: If- 41, +3=0.
X

This equation hastwo solutions: oneisatl, =1 A or R=12W. Theotherisatl, =3 A or R=4/3W.

Solution 1.38. (a) Conservation of power:
161, =412 +12+10- 6
Hence

Thus, I, =2 A.
(b) 321, =412+28 b 12-8l,+7=(Iy - 7)(Ix- 1)=0. Hence, I, = 7Aor I, = 1A.

Solution 1.39. (a)

(i) AA:; | =36/12 = 3A
BB: | =24/12 = 2A
CcC: | = 14.4/12 = 1.2A

(i) Sum = 6.2A

(i) P=VI =6.2 12=74.4W. Thisis equal to the sum of the powers absorbed by the bulbs.
(iv)R=VI

AA: R=12/3=4W

BB: R=12/2 =6W

CC:R=12/1.2=10W

(b) Each AA bulb draws 3 A. Thus, up to five bulbs can be connected without blowing the fuse (5 3=15).

So, 6 or more would blow the fuse.
(c) Similar analysis suggests that 13 or more bulbs would blow the fuse. Intuitively, the bulbs draw less
current, so more of them can be used.

Solution 1.40. (a)

1+ cos(4pt)

p(t) = i2(t)R =[ 20cos(2pt)]” * 10 = 4000 = 2000(1+ cos{4pt)) W
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Solution. 1.41. When the switch is closed, a constant current of 5/10000 = 0.5 mA flows through the
circuit. When the switch is open, no current flows. So, 50% of the time, a0.5 mA current flows, and the
other 50% no current flows. The average current istherefore 0.25 mA.



Solution. 1.42 When the switchisat A, the current is5/5000 = 1 mA. When the switchisat B, the
current is 5/10000 = 0.5 mA. Now, the switch is at position A 20% of the time (1ms out of a 5ms period,
after which the eventsrepeat). So, the average current is0.2*1 mA + 0.8*0.5 mA = 0.6 mA.

Solution. 1.43 The current in the load resistor is 2 A. So, the power is 2> R =8W.
Solution 1.44. V;,=1,,;R, 2 o = "V, /R, = M R/R..

Solution 1.45 (a) |, =V, /R,. Hence, V , = aV, R/R,.

(b)
Vou _@Rp _100°10 R = 200W
Vin R R
(©)
a’Vi3
R .2
Power - gain = Rlzg =2 R2:500
Vin R
R

Solution 1.46 (a) V,=200mA~ 5W=1V impliesV, =0.8 8=6.4V. Hence
V,,=564=32Vandl 6 =32/64=05A.

(b) Current Gain=0.5/0.2 = 2.5.
(c) Power valuesfor the 5, 8, and 64 Wresistors are, respectively, P, = 0.2 W, P, =5.12W, P, =16 W.

Solution 1.47 (a) I, =5A = 1,=3 5/3=5A=>1_,=25A,V,, =50 V.
(b) Voltage Gain = 5.
(c)P,=552=50W,P, =55 3=75W, P, =25" 50 = 1250W.

Solution 1.48 1, =V, /10=0.1A, V., = 10' (V,/10) R=R; V,, = 5R" 10 = 50R =50RV,

V.. /Vi, = 50R. If wewant V,/V,, to be 150, R hasto be 3 W.
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