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Problem 1

di
A 12 H inductor carries a current of 2.0 A. At what rate | d_:;| must the current be changed to produce

a 60 V emf in the inductor? (01/)\i&8)

di

\EP A/s
01: ANS:=5.0
Solution:
di di &

:—L—' -_— = = — 12:_
& dt’ dt L 60/ °
Problem 1
At a given instant the current and self-induced emf in an inductor are %
directed as indicated in the figure. (a) Is the current increasing or o= ;

decreasing? (b) The induced emfis 17 V, and the rate of change of the =~ —({{{{ —
current is 25 kA/s; find the inductance. (02/)\E&)

(a)the currentis __ 1=increasing; 2=decreasing.
02: ANS:=2

(b)the inductance=___H

03: ANS:=6.8E-4

Solution:

(a)the coil wants to fight the changes—so if it wants to push current rightward (when the current is already
going rightward) then ¢ must be in the process of decreasing.
17
b)L=——= =6.8 x 10°*
N di 25 x10°
dt




Problem 2

The switch in the figure is closed on a at time £ = 0. What is the ratio —1
a S

&/ &1, of the inductor's self-induced emf to the battery's emf (a) just after
t = 0 and (b) at t = 2.07? (c) At what multiple of 77, will &/87, = 0.5? .
(03/)\iEB) e

(a)t =0, éa/éaL=—

04: ANS:=1

(b)t =2.01p, &/E=__
05: ANS:=0.135
(ot/to=____

06: ANS:=0.693

Solution:

(a)lmmediately after the switch is closed & — &7 = ¢R. But ¢ = 0 at this instant,
s08—61L=0; &/éL=1
(L)L (t) = Eet™ = 72 = 0.135&; &/& = 0.135

t &
(¢)—=In— =In2= (t/77 =In2 = 0.693
L ér



Problem 2
The current in an RL circuit builds up to one-third of its steady-state value in 5.00 s. Find the

inductive time constant. (01/)\iE8)

Solution:

to 5.0
. — 1 o 7t0/TL . — = — = 12-3
i(t) =i (L—e™7); 7p In(1 — 4 /i) In(1-1/3)

nprob=3 3



Problem 3

Suppose the emf of the battery in the circuit shown in the figure varies
with time ¢ so that the current is given by i(¢) = 3.0 + 5.0¢, where i is
in amperes and ¢ is in seconds. Take R = 4.0€2 and L = 6.0 H, and find

an expression for the battery emf as a function of ¢. (01/]\E8)

the battery emf as a function of time, &(t)= [t]
08: ANS:=42+20*t

Solution:

&= L% +iR = (6)(5) + (3 + 5t)(4) = 42 + 20t

X

e




Problem 3

For the circuit of the the figure above, assume that & = 10.0V, R = 6.70€2, L = 5.50H. The ideal
battery is connected at time ¢ = 0. (a) How much energy is delivered by the battery during the first
2.00 s? (b) How much of this energy is stored in the magnetic field of the inductor? (¢) How much of

this energy is dissipated in the resistor? (03/)\é&)

(a)the energy delivered by the battery during the first 2.00 s, Pyttery= ]

09: ANS:=18.7

(b)energy stored in the magnetic field of the inductor=___ ]
10: ANS:=5.10

(c) energy dissipated in the resistor=_____ ]

11: ANS:=13.6

Solution:
2 2
O N A RV
(b)5.12(t)—§L[E} ()" =510

(c)heat=18.7 — 5.10 = 13/6
nprob=4 4



Problem 4
The figure shows a circuit that contains three identical resistors with

resistance R , two 1dentical inductors with inductance L, and an ideal

battery with emf V. L R
(a) What is the current i through the battery just after the switch is %ii___ R%
closed? - R .
(b) What is the current 1 through the battery long after the switch has

been closed? (02/)\iEB) .

(a)just after the switch is closed, 1= [R,L,V]

12: ANS:=V/R

(b)long after the switch isclosed, 1=__ [R,L,V]

13: ANS:=(3*V)/R

Solution:

() EEIBRERER LB - MEBRELRANREEES . ﬁﬁxﬁ%mﬁ@'%m\ EOBPRIRA
BRNERRE B ENNEERRNEMNES BB PENER - =V/R-

(bEERERBEBHRBZHE LB MR TSRS - ‘?ﬁﬁﬁﬁ%uﬂztﬁ@%ﬂ?ﬂﬁﬁ’]H—;ﬂac A
ﬁ'ﬁﬂ: BREMABAREEDE - RILSWNEESRIEELRILE : i = V/(R/3) =3V/R

_ C 4 gmnzg-155-1 B—UNBRIESBEARPEESEIKL? (A)Einstein  (B)Bohr
(C)Maxwell (D)Newton (E)Faraday °

_c isTemns-1 -1 ERRCEBEORRIRGL - FIUEERE? (A)CKATNTEBRE - BHIN
AT %u@% (B)FREESZRIIRE) - BN REES RS (COtREEMNESHEE
NWEREERE D)NRRBETIRR  BHKBETIRRE -

A eTgEszg- 11 JRIPIFERERRNNZ (AAE B)=1HE (OEEX D)FRX -
b vaEsxs-1sn-1 O REPERESNEZE (ALK B)EHX (OEE (D)FEX

b sTEsxeg-1 sz O REPEEREEFIRERERRINAE (AL B)EX (OEEX (D)X
7‘5 ELEE

b vIEmwm- o8- BERHEEAE AR ? (A)0.5 (B)50 (C)500 x 10°¢ (D)
500 x 107° (E)0.5 x 107°

b oaEmwm-1 s8-2  X-BRAUREAA (m) ? (A)1000 (B)10 (C)107' (D)107° (E)101°

b o mERRE-19%-2 FMFFEMAREFIERS100 MHz - IHESAERERS m?
(A)0.01 (B)0.I (C)0.3 (D)3 (E)I0 (F)30 (G)100 (H)300

¢ nasszz-isu-2 KB LESEREENRERES m/s? (A)3.43 x 10®> (B)
3.00 x 10° (C)3.00 x 10® (D)3.43 x 105 (E)3.43 x 10® (F)2.45 x 10° (G)2.45 x 10°

A puEnzs-1ow-1 KL WWEKEFZEEABER? (A)ZF B)E (OWKIEERATE (D)
ﬁe,&zﬁm (BE)YIRNERE

B uasnzs-1su-1 R EB - WWESKSREENYEERM AZRNERE (B)EHHY
5 (O)EBF DWE E)ENIK




b sFemzm-1s8-1 NGB T RXGRIIBNITERE  B2lESNER A ST EE
£ - FEXGEFNNEHMEIETSERHEENEM—ERERNERIE? (A)LIME (B)E
SR (O3 (D)= (B)EYE (PEKER

B wuEdExs-1s%-2 O REHEREBEFRR FEEE ZE? (A)200 mm ~ 800 mm  (B)400 mm
~700 mm (C)200 pgm ~ 800 pum (D)400 pgm ~ 700 um (E)400 nm ~ 700 nm

b wasEwg-158-1 FIARRENRREMEmE NIB—EAT? (AYKRE=RExBE (B)
BIR=KRx B (C)RE=1RExBH (D)RE=IxIE/EBH (E)KE=Ia=R/BH

A s TIEsRM-15%-1 LN PESIREIN D MBS RSN S B MER? (AGHEER
B)ER—EE L - AEUEKRTOHEE OEB—KEL  HEEk O)ER—ERLE - &
mAHE (B)E45FE R

_r wasExg-1su-1 ERENZHEM—IREYEEREERPIENNEE? (AFTHHE
W BYK®W (O)ZBA D)ERHEIE (BE)BRE (F)MiX

b soaenzs-1 o8- —EREABIOADHNEHNEERLEETHZ? (A) 3000 (B)3 x 10°
(C)3 x 10" (D)3 x10° (E)5 x 10° (F)5 x 10" (G)5 x 10°

o ngeEsrg- s M RIOADNEBEORE R MEITS FITE? (AEKRER (B)ALIME
(O (D)ERIME (B)X-FIER (F)yy-H148

F nosszs-1sg-2 MNIBENRETOENAERES? (AERER BEALIMR (OHUK
(DYERIMR (BE)X-FiAR (F)y-H1 4%




Problem 5
E—EFRABFMI02 3ERBES R HHNEAERIERA102.3 MHz « Bt EEBBRE KK
& ° (01/N\&)

BEERNRE= m
33: ANS:=2.930



Problem 6
.\ What is the wavelength of the electromagnetic wave emitted

Traveling wave
~Transformer \\ v\
“ 3¢ 1)
Energy | —= \ P
source - g,k/\\/\\/\—\/\\/\ Distant
Transmission ot
R line / // f
LCoscillator Electric //
dipole
antenna

by the oscillator—antenna system of the figure if L = 0.253 uH and C' = 25.0 pF? (01/)\i&)

wavelength= m
34: ANS:=4.74

Solution:

The emitted wavelength 1s

C

A= ? —2neJLC = 27(2.998x10° 1][1---".c,']\/(0.253><10‘6 H)(25.0x107*F) =4.74m.



Problem 6
Following above, What inductance must be connected to a 17 pF capacitor in an oscillator capable of
generating 550 nm (i.e., visible) electromagnetic waves? (01/]\iE8)

inductance, L= H

35: ANS:=5E-21



Problem 7
A plane electromagnetic wave has a maximum electric field magnitude of 3.20 x 10~% V/m. Find the
magnetic field amplitude. (01/)\E8)

magnetic field amplitude, B,,= T
36: ANS:=1.07E-12

Solution:

En 3.2x107* —12
B,, = e 30 =1.07 x 10



Problem 7
A plane electromagnetic wave traveling in the positive direction of an x axis in vacuum has
components E, = E, = 0 and E, = 2.0 cos[(m x 10™)(t — z/c)]. All physical quantities are in SI

units. (a) What is the amplitude of the magnetic field component? (b) Parallel to which axis does
the magnetic field oscillate? (c) When the electric field component is in the positive direction of the z

axis at a certain pointP, what is the direction of the magnetic field component there? (03/)\E8)

@Bm=____ T

37: ANS:=6.7E-9

(b)1=parallel to x-axis; 2=parallel to y-axis; 3=parallel to z-axis; Ans.=___

38: ANS:=2

(c) the direction of the magnetic field component=___ (1=+X; 2=-X; 3=+y; 4=-y; 5=4z; 6=-2).
39: ANS:=4

Solution:

(a) The amplitude of the magnetic field is

B =tuw_ 2OV 6675107 T=6.7x10"T.
c 2.998x10"m/s

(b) Since the E-wave oscillates in the z direction and travels in the x direction, we hav
= B-= 0. So, the oscillation of the magnetic field is parallel to the y axis.

(c) The direction (+x) of the electromagnetic wave propagation is determined by £x B
the electric field points in +z, then the magnetic field must point in the —y direction.

With ST units understood, we may write

el 1085
B =B co{nxmu [r_xﬂz 2.0¢0s[10°T(1—x/c)]
" c

3.0x10°
— (6.7><10‘9)cos {101511:[1—3:}}
C




Problem 8
The maximum electric field 10 m from an isotropic point source of light is 2.0 V/m. What are (a) the
maximum value of the magnetic field and (b) the average intensity of the light there? (c) What is the

power of the source? (03/)\i&)

(a)Bm= T

40: ANS:=6.7E-9

(b)the average intensity of light=__ W/m?2
41: ANS:=5.3E-3

(c) the power of the source=__ W

42: ANS:=6.7

Solution:

(a) The magnetic field amplitude of the wave is

E 20V/
_Lw . _67x107°T.
c 2998x10°m/s

(b) The intensity 1s

;_ Ea (2.0V/m)’

- = - _ ———=53x10"W/m’.
2u0¢ 2(4mx107 T-m/A)(2.998x10° m/s)

(¢) The power of the source 1s

P =4, =4n(10m)" (5.3x10” W/m*)=6.7 W.



Problem 9
A small laser emits light at power 5.00 mW and wavelength 633 nm. The laser beam is focused
(narrowed) until its diameter matches the 1266 nm diameter of a sphere placed in its path. The sphere

is perfectly absorbing and has density 5.00 x 10 kg/m3. What are (a) the beam intensity at the
sphere's location, (b) the radiation pressure on the sphere, (c) the magnitude of the corresponding

force, and (d) the magnitude of the acceleration that force alone would give the sphere? (04/]\iE8)

(a)beam intensity=___ W/m?2

43: ANS:=3.97E9

(b)radiation pressure= Pa

44: ANS:=13.2

(c)the magnitude of the corresponding force=__ N
45: ANS:=1.67E-11

(d)the acceleration=____ m/s?

46: ANS:=3.14E3

Solution:

(a) We note that the cross section area of the beam is 7td */4, where d is the diameter
of the spot (d = 2.001). The beam intensity is

= 3w
S - WOV 397%10° W/,
md™ /4 n](2.00)(633x 107 m)| /4
(b) The radiation pressure 1s
I 397x10°W/m’
p=t=22" T _ 132 Pa.

¢ 2998x10°m/s

(c) In computing the corresponding force, we can use the power and intensity to eliminate
the area (mentioned n part (a)). We obtain

p, = — — =167x1071MN.
397x100 W/ m~

4

I

P

- :(ndszr:(pj | (500%107 W) (132 Pa)

(d) The acceleration of the sphere 1s

F. F 6(L67x 107" N)

¥

m  p(nd®/6) m(5.00x10° kg/m’)[(2.00)(633x10° m)
=314x10° m/s".

a =



Problem 10
In the figure, a laser beam of power 4.60 W and diameter D = 2.60 mm

is directed upward at one circular face (of diameter d < 2.60 mm) of a
perfectly reflecting cylinder. The cylinder is levitated because the
upward radiation force matches the downward gravitational force. If the

cylinder's density is 1.20 g/cm?, what is its height H? (01/)\E&)

H= m

47: ANS:=4.91E-7

Solution: A

The mass of the cylinder is m= p(x D" /4)H, where D is the diameter of the cylinder.
Since 1t 1s 1in equilibrium

Fnﬁ:mg_E:nHD*gp_ nD’ (E):o_
2! 4 c

We solve for H:

H_

21 _( 2P J 1
gep

D’ /4 ) gcp

B 2(4.60W)

N [1(2.60x107° m)* /4](9.8m/s”)(3.0x10° m/s)(1.20x10° kg/m*)
=4.91x107" m.




