Graded Solutions for HW 4
Chapter 35

Exercise and Problems:

35.54. Modd: Assume that the block absorbs the laser light cetapyl. Use the particle model for the block. Weuass that
since the block absorbs light completely henceettitire momentum of the incident photon gets tramstl to the block. There
fore the power of the incident beam is the forcereed by the beam on the block times the veloditye incident beam which is
'c.

Now, from Equation of the radiation pressure

“A ¢ ¢
since force exerted on the block is pressure titmesrea on the block on which the wave is incident

P  25x10 W
= =—=———— =0.0833 N
a0 = Prad ¢ 3.0x16 m/s

once we have found the force on the block we catelits acceleration applying Newton’s second law,
F 0.0833 N

_ _ - a= rad =8.33x 104 m/§
Fraa = ma (100 kg)}l 100 kg 100 kg

From kinematics,
Vi =v'+2a(g -s)=0n?/S+ 2( 8.33 10 m@( 100) = v; = 0.408 m/s

Assess. This does not seem like a promising method for ¢aurg satellites.

35.56. Modd: Use Malus's law for the polarized light.

Visualize:
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unpolarized Filter axis
light / ! !
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Filter axis

For unpolarized light the net projection of thectlie field on the horizontal as well as the veatiaxes are equal. Hence the
intensity observed by a horizontal or a vertichéfiis the same. Since both of them sum up to tieeoriginal incident intensity
hence the intensity through eithe axis is halfraf original incident intensity. After passing thgh the first filter the wave is
now polarized in the vertical direction therefooe §uccesive filters we can use Law of Malus tal fout the emergent intensity
from each. Therefore the following solution follaws

Solve:  For unpolarized light, the electric field vectories randomly through all possible valuestbBecause the average value
of cogé is ;, the intensity transmitted by a polarizing filighen the incident light is unpolarizedlis= ;lo. For polarized light,
lyansmited= lo COS 6. Therefore,

I, = l,co 45° |3=l,co€ 45°

= |3 = (I, cog 45°)cod 45°= 3 lo(cos 45°) =1,



Chapter 36

Conceptual problems:

36.4.

R

—WW 0

E@ C—= Ve

A low pass RC circuit hasthefollowihg circuit

The expression for the cross over frequancy (frequancy iehvthe reactance of the capacitor = reactance of the

. . 1
resistor) is given by w, =27f, "

(a) f. = 100 Hz.
(b) 100 Hz from the expression
(c) 200 Hz. Unchanged since the crossover frequdaeg not depend on the peak emf.

36.7.

Current leads the voltage Which"implie”s'that capacitive reactanoere than the the inductive reactance. Now we
have the capacitive reactance behaving inversely with freguamd inductive reactance behaving directly with
frequency, hence frequency has to be less than the restardricy to increase tixe and decreas,

Less than. Here the current leads the ek Xc and the phase andlds negative.



Problems and Exercises:

36.15.

150 Q)

MWW

(10 V)coswt @)
—— 80 nF

Model: The current and voltage of a resistor are in phagehe capacitor current leads the capacitoagelby 90.
Solve:  THe reactance of the resistor is R wereas for #pacitor it is given by,

1 1 1
= = = =1
«C  2mfC  27(1x 10 Hz)8x 10 F)

X, 990

for the RC circuit we have the magnitude of peakent given by

5‘:‘_: o a

I= 0 = = e
VR4 XA VR + 1wC?

The peak current is

5) = 10V =0.0401 A

' JXEHR[(199Q)° +(1500)°

Since the components are in series hence the saatequrrent flows through both of them at someaimsand hence if we
multiply this value of current with the reactandeesach we will find the poeak voltage across each.

Therefore
, VR =(0.0401 A)(150) = 6.0 V and
Ve =1Xc=(0.0401 A)(1990Q) =8.0 V.



36.21. Modd: The AC current through an inductor lags the induetidtage by 90.

Solve: (a) From Equation 36.21,
| =somA= =Y _ ¢ 35'0\/
X, 2mfL 2n(50x 10° A)( 500« 10 H

(b) The current and voltage for a simple one-induchauit are

=3.2x10 Hz

i, =1, cos(at—17) v, =V cost

Fori. =1., @t =37 must be equal tor2z wheren=0, 1, 2,.... This meangd =(2n77+%77) .
Since the source voltage has the expressidh= VmSin(wt) Thus, the instantaneous value of the emf at tharihsvhen
iL=ILisv.=0V.

36.36. Solve: (a)

ER E,R
Ve = IR = —— - = —— —
VRY + X7 VR + lw'C?

SDX(_' ET‘I{:J(.‘

VR + X2 VR + Ll !

We have the potential drops across the individoalmonents given by the above equations in a RQitind/here | is the peak
current that flows through the circuit.

Therefore.
VC:Q—QC_Z:E:RZ-FCUZ:L 2: 24 2:>a)cap:£
R? +( wcapc) 2 1C~ WL RC

(b) At this frequency,

ER__\3

.. BER _
Vo= IR=— =" IR+rs 2
YR+ (@)

(c) The crossover frequency is

@ = =6280 rad/s> a)cap:\/—:-’wc: 10,877 rac

1
*"RC



36.47. Modd: While the AC current through an inductor lags theuictor voltage by 90 the current and the voltage are in
phase for a resistor.

&ycoswt ()

Visualize: Series elements have the same current, so wewdtara common current phasorfor the inductor and resistor,

Solve:  Because we have a series RL circuit, the curhentigh the resistor and the inductor is the sarhe.vbltage phasdvk is
along the same direction as the current phlasidre voltage phasaf. is ahead of the current phasor by.90

(a) From the phasors in the figurEE =V +V,2 . Noting thatv, =lel andVs = IR, E=IJ«&L*+R* and

- & B . _BL
JR? + a2 IR+ a2 N e

(b) As w - Orad/sVs -~ ER/R=E and asw - ©, Vs -~ 0 V.

(c) The LR circuit will be a low-pass filter, if theutput is taken from the resistor. This is becadsés maximum wherwis low
and goes to zero whenbecomes large.

(d) At the cross-over frequency, = Vk . Hence,

IwcL:IR:>wc:§



36.51.

10 Q)

(10 V)coswt (~
C) 1.0 mH

1.0 uF

T

Solve: (a) The resonance frequency of the circuit occurs wherreactance of the capacitor is the same a®thhe inductor
hence the voltage is in phase with the current.résenant frequencyis given by,

L =32x10 radis> == 58 %0 F
21T

1 _
“ e JLox10° H(10c 10 F

(b) At resonanc&. = Xc. So, the net reactance of the circuit is due éoréisistance, hencthe peak values are

“E_10V 0 A= ve=IR= (1.0 A)10Q) = 100 V
R 10Q
:>vcz|xczl(ij: 10 A =32V
aC (3.16>< 1d rad/}s( 10 10 )F

(c) The instantaneous voltages must satisty vc + v. = EE But vc andwv. are out of phase at resonance and cancel. Comggque
it is entirely possible for their peak valuésandV, to exceedks: since they give a perpendicular componenet tthential and

the net perpendicular componenwis— V. hence either of them might be more tHgn but the difference is not .

36.52. Visualize:

100 ) 50 Q)

@IOVrms
50 mH =20 uF

When the frequency is very smakK. =1/aC becomes very large and = «l. becomes very small. So, the branch in the circuit

with the capacitor has a very large impedance aost mf the current flows through the branch wite thductor. When the
frequency is very large, the reverse is true andtrabthe current flows through the branch with ¢capacitor.



Solve: (a) When the frequency is very small, the branch whth inductor has a very smadl, so Z OR. The current supplied
by the emf is

oV

le=——==0.10A

100Q
this flows mostly through the inductor part of ttiecuit and the current through the capacitor igligéble. Hence this is the net
current supplied by the AC source

(b) When the frequency is very large, the branch thitghcapacitor has a very smAll, soZ OR. The current supplied by the emf
is
_10Vv

l==——=0.20 A
500

Impedence in the inductor part of the circuit ighhhence current through that loop of the circalibégligible. Hence this is the
net current supplied by the AC source.



