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Pendahuluan : Gaya Magnetik

Gaya Lorentz pada Kawat Sejajar
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- 2ma
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Gaya / satuan panjang

Kawat yg arah arusnya searah akan tarik-menarik.
Kawat yang arusnya berlawanan arah akan tolak-menolak

Gaya pada kawat 2 yang F. _Loli;[
disebabkan oleh kawat 1 2 2ma

TUGAS 1:

In Figure P30.17, the current in the long, straight wire
is 7, — 5.00 A, and the wire lies in the planc of the rec-
tangular loop, which carrices 10.0 A. The dimensions arc
c = 0.100 m, a — O0.150 m, and € = 0.450 m. Find the
magnitude and dircection of the net force exerted on
the loop by the magnetic ficld created by the wire.
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Figure P30.17

EXAMPLE 30.8  Magnetic Flux Through a Rectangular Loop

A rectangular loop of width « and length b is located near a
long wire carrying a current / (Fig. 30.21). The distance be-
tween the wire and the closest side of the loop is ¢. The wire
is parallel to the long side of the loop. Find the total mag-
netic flux through the loop due to the current in the wire.

Solution From Equation 30.14, we know that the magni-
tude of the magnetic field created by the wire at a distance r
from the wire is

dr
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Figure 30.21 'The magnetic field due to the wire carrying a cur-
rent [is not uniform over the rectangular loop.
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2mr
The factor 1/r indicates that the field varies over the loop,
and Figure 30.21 shows that the field is directed into the
page. Because B is parallel to dA at any point within the loop,
the magnetic flux through an area element dA is

by = fmm - f“—"',m
2mr

(Because B is not uniform but depends on 7, it cannot be re-
moved from the integral.)

To integrate, we first express the area element (the tan re-
gion in Fig. 30.21) as dA = bdr. Because 1 is now the only
variable in the integral, we have

I [** d Ih
by = Ko j L. LT
2n Jo 1 2m A

ate

h + ¢
- ln(“ ’)= polb ln(|+1)
2m ¢ 2m /)

Exercise  Apply the series expansion formula for In(1 + x)
(see Appendix B.5) to this equation to show that it gives a
reasonable result when the loop is far from the wire relative
to the loop dimensions (in other words, when ¢>> a),

Answer &0,



Hukum Gauss Magnetik

Analog dengan Fluks Listrik (Hukum Gauss)

(1) B Uniform

@, =B A=BAcosO= B-A
///{
o //( _!

Animasi 8.2

TUGAS 2:

FIGURE Q34.4 shows four different circular loops that are perpen-
dicular to the page. The radius of loops ¢ and d is twice that of
loops a and b. The magnetic field is the same for cach. Rank in
order, from largest to smallest, the magnetic fluxes @, to ®,.
Some may be equal. Explain.
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FIGURE Q34.4

oLt 344 A dircular loop in @ magnetic fleld
PGURE 34.1% is an edge view of a 10-cm-diameter circular loop in .
a uniform 0.050 T magnetic field, What is the magnetic flux
through the loop?

501Vt Angle  is the angle between the loop's area vector 4,
whichis perpendicuart the plae ofthe loop, and the magneti
field . In this case, 0 = 60, not the 30° angle shown in the fig-
ure. Vector 4 bas magaitude A = 7 = 7.85 X 10 m?. Thus
the magnetic flux is

Oy = A B = ABoosd = 20 X 107 Wb

»
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TUGAS 3: Il A 2.0-cmm-diameter solenoid passes through the center of a
. 6.0-cm-diameter loop. The magnetic field inside the solenoid is

0.20 T. What is the magnctic flux through the loop when it is

perpendicular to the solenoid and when it is tilted at a 60° angle?
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Hukum Faraday

d®B examprLE 348 Electromagnetic induction in a loop decreases, the flux into the loop decreases. To oppose the decreas-
8 — _N e — s — A patient having an MRI scan has neglected to remove a copper ing flux, the field from the induced current must be in the direc-
bracelet. The bracelet is 6.0 cm in diameter and has a resistance tion of the applied field. Thus, from the right-hand rule, the
dt of 0.010 2. The magnetic field in the MRI solenoid is directed induced current in the bracelet must be clockwise.
along the person’s body from head to foot; the bracelet is perpen- 5o ve The magnetic field is perpendicular to the plane of the
Cara untuk Menginduksi GGL Mtbi.“amuhh.!icm&cﬁddmuw loop, hence & = 0° and the magnetic flux is ®, = AB = wr 8.
g deae.a-u.ﬁunl.MTtoO.fOTml.Js.mmlhew The radius of the loop doesn't change with time, but B does.
and direction of the current induced in the bracelet? According to Faraday's law, the magnitude of the induced emf is
MmoDEL Assume that B decreases linearly with time. dd dB
d VISUALIZE FIGURE 34.28 shows the bracelet and the applied ficld 5-|7‘2|-’"’|z|
looking down along the patient’s body. As the applied field
8=_N_(BACOSH) The rate at which the magnetic field changes is
FIGURE 34. A circular R=00100 dB _AB _—060T _ _
t oonduct:n;l.oopina 9 ’ w/ . dr Ar 1.2s LITH
decreasing magnetic
Kuantitas yang berubah terhadap waktu: field. ¢ e dB/dt is m“ because the field is m‘n" but all we need
1. Besar B /. : for Faraday's law is the absolute value. Thus
2. Luas A yang dilingkupi loop 8 decreascs
3. Sudut 6 antara B dan normal loop ‘f:l(l)n‘(l)(_:)': o & ward =] = (0.030 m)g(o.so T/s) = 0.0014 V
12s -
TUGAS 4:
FIGURE Q349 shows a bar magnet, a coil of wire, and a current
meter. Is the current through the meter right to left, left to right, s z :
or zero for the following circumstances? Explain. TUGAS 5: I A 5.0-cm-diameter coil has 20 turns and a resistance of
a. The magnet is inserted into the coil. 0.50 £2. A magnetic field perpendicular to the coil is B =
B THOBNACE I Tehd of ruar Setie fien o 0.020¢ + 0.010¢2, where B is in tesla and ¢ is in seconds.
c. The magnet is withdrawn from the coil. = =
a. Draw a graph of B as a function of time from 7 = 0s to
s - GGGGD Lo
L. b. Find an expression for the induced current /(¢) as a function
2 of time.
FIGURE Q36.9 4& c. Evaluate 7atr = Ssandr = 10s.




Hukum Faraday : Kawat Konduktor

Batang konduktor ditarik sepanjang dua rel konduktor dalam daerah bermedan magnet
uniform B dengan kecepatan konstan v

EXAMPLE 343 Lighting a bulb 3.0 V. Because the power is related to the voltage and current
B;, ; :ra: aruslitnduksi?? PGURE 34.0 shows a circuit consisting of a flashlight bulb, rated by P = IAV, the current causing full brightness is
X X X X X . rah resultan gaya + ‘
— & SesariCElEE J.OV.II.S.W.agdi@dwhuwnhn?mdm.Thcnmwireof e
x x x|ftx x 4. Besar arus? the circuit, which is 10 cm long, is pulled at constant speed v [o—u»——u050A
5. Daya eksternal yang harus W.WWWMMQ]OI AV 30V
R disuplai agar batan
ST T bergerak dengan kecepatan 8. Whatspeed must the wire have to lightthe bulb to full brightness? The bulb's resistance—the total resistance of the circuit—is
X X X X konstan v? b. What force is needed (o keep the wire moving? - ATy
I <> Animasi 8.6 rcure 348 Circuit of Example 34.3. A "7 T 0s0A AR

Equation 34.4 gives the speed needed (o induce this current:

_IR_ (0.50 A)(6.0 )
B (0.10m)(0.10T)
You can confirm from Equation 34.6 that the input power at

this speed is 1.5 W.
b. From Equation 34.5, the pulling force must be

TUGAS 6: = 300 m/s
The loop in FIGURE Exs4.12 is being

pushed into the 0.20 T magnetic ficld at

S0 m/s. The resistance of the loop is gt

0.10 ). What are the direction and the . mooeL Treat the moving wire as a source of motional em. Fa = =5~ = 50X 107N

magnitude of the current in the loop? alan woale visuaLize The direction of the magnetic force on the charge carri-

P -qva will cause a counterclockwise (ccw) induced You can also obtain this result from Fogy = Plv.

od AR R O J | current. Assess Example 34.1 showed that high speeds are needed (o pro-
soLve a. The bulb’s rating of 3.0 V/1.5W means that at full duce significant potential difference. Thus 300 m/s is not surpris-
"~ $0cm | brightness it will dissipate 1.5 W at a potential difference of  ing. The pulling force is not very large, but even a small force can
deliver large amounts of power P = Fy when v is large,

FIGURE EX34.12
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dt drt
TUGAS 7:

In a 250-turn automobile alternator, the magnetic flux
in each turn is ®z = (2.50 X 10 41 T-m?) cos(wt),
where w is the angular speed of the alternator. The al-
ternator is geared to rotate three times for each engine
revolution. When the engine is running at an angular
speed of 1 000 rev/min, determine (a) the induced emf
in the alternator as a function of time and (b) the maxi-
mum emf in the alternator.

EXAMPLE 31,9 enfInduced na Generatr

Anac generator consists of 8 tarns of wire, each of area A = Solution From Buation 27,8 and the resuts to part {a)
009 0 m, and the total resstance of thewire i 120 ). The e hse
loop rotates in a 0.500T magnetic feld at a constant fre

. %6
quency of 60.0 Hz. () Find the maximum induced en, b 1V

L S e— .3
& R 1200 L
Solution Fist, we note that 0= 2n/= 2n(600Hy) =

M5! Thig Faton 1.1 e Exercise Determine how the induced emf and induced cur-

tent vary with time,
6= VABo = 8(0090 0w) 0500 T)(3775°1) = 186V
- PRy Answer €= 6, sn ot = (136 V)sin 377

' = [= [ st = (113 A)sin 877,
(b) What is the maximum induced corent when the out——™ (134

put terminals are connected o a lowresistance conductor?



Indukstansi

Induktansi Diri

Sebuah koil dialiri arus listrik.

A Arus konstan!
\\ / Arus berubah thd waktu!
l __/‘/ \\__
ddD, d e
& ——.V———.VE”‘B-(IA

dr

dr 7
Bl T vf)

-

Secara fisis, Induktansi L adalah ukuran dari sebuah
“resistansi” induktor untuk merubah arus; semakin besar L,
semakin kecil laju perubahan arus.

TUGAS 8:

A coil of 15 turns and radius 10.0 cm surrounds a long
solenoid of radius 2.00 cm and 1.00 X 10® turns per me-
ter (Fig. P31.10). If the current in the solenoid changes
as I = (5.00 A) sin(120¢), find the induced emf in the
15-turn coil as a function of time.

4.00 €2
Figure P31.10

EXAMPLE 32,2  Calculating Inductance and em

(a) Caleulate the inductance of an aircore solenoid contain- — (b) Caleulate the selfinduced emf in the solenoid if the
ing 300 turns if the length of the solenoid is 25.0 cm and its — current through itis decreasing at the rate of 50.0 A/s,
crosssectional area is 4.00 e,

Solution Using Fquation 321 and given that dl/di =
Solution Using Equation 32.4, we obtain = 50,0 A/s, we obtain

N !

VA g =~ L’—’ (181 X 10" H) (=500 A/s)
( dl

(300)*(4.00 X 10" m*)

2 - 005mV
D0 X 10 m

= (4 X 10771+ m/A)
18X 10T mé/A = 0,181 mil

TUGAS 9: The current in a 90.0-mH inductor changes with time as
I = t% — 6.00¢ (in SI units). Find the magnitude of the
induced emf at (a) t = 1.00 s and (b) ¢t = 4.00s. (c) At
what time is the emf zero?



ExampPLE 32.5 The Coaxial Cable

Coaxial cables are ofien used 10 connect electrical devices,
such as your swereo system and a loudspeaker. Model a long
coaxial cable as consisting of two thin concentric cylindrical
conducting shells of radii @ and b and length €, as shown in
Figure 32.11. The conducting shells carry the same current /
in opposite directions. Imagine that the inner conductor car-
ries current 1o a device and that the outer one acis as a return
path carrying the current back o the source. (a) Calculate
the self-inductance £ of this cable.

Solution To obuain L, we must know the magnetic flux
through any crosssecuion in the region bemween the wo
shells, such as the light blue rectangle in Figure 32.11. Am-

/

Figure 32.11 Scciion of a long coaxial cable. The inner and outer
conductors carry equal currents in opposite directions.

peére’s law (see Section 30.3) tells us that the magnetic field in
the region bewween the shells is B« pof/ 29, where ris mea-
sured from the common center of the shells. The magnetic
field is zero outside the outer shell (r > §) because the net
current through the area enclosed by a circular path sur-
rounding the cable is zero, and hence from Ampeére's law,
4B+ ds = 0. The magnetic field is zero inside the inner shell
because the shell is hollow and no current is present within a
radius r < a

The magnetic field is perpendicular to the light blue rec-
tangle of length € and width & — a, the crosssection of inwer-
est. Because the magnetic field varies with radial positon
across this recaangle, we must use calculus to find the toual
magnetc flux. Dividing this rectangle into strips of widdh dy,
such as the dark blue sirip in Figure 32,11, we see that the
area of each strip is £dr and that the flux through each strip is
B dA ~ BE dr. Hence, we find the total flux through the en-
tire crosssection by integratng:

& b
¢,=[BM=I“°’H,=L” ﬁzL-”’.,,(i)
a

2ur 2% Ja 7 2 a

Using this result, we find that the self-inductance of the cable
is

@, ot (b)
ke I 2% ) a

(b) Calculate the total energy stored in the magnetc field
of the cable.

Solution Using Equaton 32.12 and the results 1o part (a)
gives

2
U= 4L Mm(%)

4

Energi Tersimpan dalam Induktor
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