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Vectors

Show tha F(ei##) = ;ketk# wher% is a constant vector. Eval y2gk-#
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Vectors

Prove
L F.(Fx@)=G(IxF)-F-(¥xG)
2. (P =F /r

where¥ is the unit vector in the radial directicmi‘.FJ_ is the projection of the vect? onto the plan
perpendicular to the unit vect?
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Scale factors
Find the scale factors for

1. cylindrical coordinates
2. spherical coordinates

3. parabolic coordinate:x:%(ug—ﬂgj, Y=uv, 2=z )
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Vector analysis

Given a constant vecte;  calculate
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Integrals

Calculate

_dx
Vrltal

a
V/I(,:1:2+-:c9)la*'r2
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Vector analysis

CalculateC = div(mxr/r3) |
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Vector analysis

Calculatediwvs .

30_Math_Intro_2/e 30 1 013.html
Vector analysis

Calculate?x{?xz} in spherical coordinates.
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Vector analysis

CalculateC =rot(mxr/r3) wheram is a constant vector.
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Vector analysis

Calculate A = grad(Ccosd/r2) in spherical coordinates.
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Vector analysis

CalculategradU{r) in spherical coordinates.
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Vector analysis

Calculategraddiv.4 in cylindrical coordinates.
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Vector analysis

Calculategrad(1/|r|}) in spherical coordinates.
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Vector analysis

Given a functiorU[r,8,¢] =U1[r]U3[f] calculadivgradl
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Vector analysis

CalculateC =rot{wxr) wherg is a constant vector.
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|A|=|B|
|A+B|=|B|
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F= (ﬂxy—i—zB]?—i—x??—l—Ba:ng
. \
P= %33
C ¢ = f E-dr

(1,1,1)- (0%,0} Y

1 n
y=zkz=5(y+2) !
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543
0<z?+4y2+4z2 ¢= —ﬂz+ﬁ
p=V2p=div(gradé)
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s
F= y?—l—a:?—zgﬁ fﬁ-dr
&
C

0<t<2m- #=(cos(t)+VIsin(t)jz +(2cos(t)+1)7 +(V3Isin(t)—cos(t )k
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r=13,8 =300 ¢ =450 ]
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A=(34,-5)
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¥=—-2r4+4(1.5240.5y)
y=y+(3z+2y)+3z
3 ="Tz—3{y+22)

)

# # &
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"1,

Z{xsy:' = 3;23’5“4_3.-3?

e* (I
coslz) (1T
L (1
& ¥
. {Zxﬁ ><8:Zx(§x8}

2. (A-B)xC =4Ax(B-3)
3. CB+A=4+BC
Al
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? = y?—i—a:?—z?g fﬁ'd? &
[

7(t) =[ cos(t)+V3sin(t)] T +[2cos(t)+1] 7 +[V3sin(t) —cos(t)]k
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&
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B=(22 A=(13)
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AxB
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a=(1,-3), b=(2,1)
$
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Vectors

for the two vectorsA=(-4a,2,0);B=(2,3a,0), answer the following questions:
1. For what value of "a" the vectors are perpendréu
2. Is there an "a" for which the vectors are patall

30_Math_Intro_2/e_30_5 012.html

flz)= Acos(kz)

"A>0, k>0
F I
F@)= [ f(=)da
£l
0,27 /K] "1
[0,27 [ k] "2
k=1,A=1  [0,2] "3
U= Br) 5 s
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2
B=(52) A=(-13)
A, B
AB
AxB

30_Math_Intro_2/e 30 5 111.html



2

A=(a-420 , B=(2a30)

A1B a
A8 a
C=AxB AB c
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Coulomb Law

In the figure, what are the horizontal and vertm@hponents of the electrostatic force on the ahardghe
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Coulomb Law

The figure shows a long nonconducting, masslesstéehgth L , pivoted at its center and balancedh ait
weight W at a distancz from the left end. At the left and right endsloé rod are attached small conducti
spheres with positive chargl:s 20 respectivelistance i directly beneath each of these sphigmes
fixed sphere with positive charé:.? . (a) Find th&tathice z when the rod is horizontal and balanced. (b) v
value shoulch  have so that the rod exerts no aificce on the

bearing when the rod is horizontal and balanced?

- L o
+q *r— x +2q
, O
h
i
+0) +0

]
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Coulomb Law

In the figure, a point chargd = —10uC s placed at #gadisel . from a thin rod of lengL. = 1m
The rod is carrying a total charge@ =lmc  which iesypled uniformly. Find the force acting@n
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Coulomb Law

Find the force on a positive point chaggecated a distancefrom the end of a rod of length L with uniforn
uniformly distributed positive chard@. (See Fig. 25-21)

i ek o D, e ) ———
e A R S e i

FIGURE 25-21. Exercise 16,

32_Coulomb/e_32_3 003.html

Coulomb Law

The electrostatic force between two identical ithreg are separated by a distance of 5.0 %1Bis 3.7 x 10°
N.
(a) Find the charge on each ion. (b) How many edestare missing from each ion?

32 _Coulomb/e_32_3 004.html

Coulomb Law

Assume that each ball in question 4 (Fig. 25-2%)ssg charge at the rate of 1.2 nC/s.
At what instantaneous relative speedifdt) do the balls approach each other initially?

/
/ \
@ 'Y
%“'_""J: —— —-I'*l

Filcure 25-22. Problems 4, 3, and 6.
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Coulomb Law

In the compound CsCI (cesium chloride), the Cs atare situated at the corners of'a cube with addh at
the cube's center. The edge length of the cub@4i8 Am; see Fig. 25-23. The Cs atoms are eachealdfia
one electron and the Cl atom carries one excessa@be (a) What is the strength of the net eledtrce on the
Cl atom resulting from the eight Cs atoms shownS(ippose that the Cs atom marked with an arrow is
missing (crystal defect). What now is the net eledorce on the Cl atom resulting from the sevemaining
Cs atoms



FlcURE 25-23. Probiem 10,
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g =-12uC, gqy=3TC, gq;=-23uC, rip=15cm, ri3=10cm, 0= 32°
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Coulomb law

Find the force between an electron and a positrahdre one meter apart from each other.
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Coulomb law

Four charges are places in the corners of a sqii@sjde of the square is 1 meter long.
Two of the charges are of magnitude Q and are glaneopposite corners, the other two are of madait@,

Q=5*10"(-9) coulomb.

Find the force acting on one of the Q charges.
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Coulomb Law
A flat nonconducting disk of radZ has a unifororface charge distributioilc  and its center is d,() .

1. What is the total charg,@ on the disk? (expitesgh o)
2. What is the net force that acting on a poinrghgﬂ that is located at (0,0,z)?
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Coulomb Law

Two identical conducting small spheres are placitd their center).3m apart. One is given a charge of
12nC', and the other is given a charge—18nC’

a. Find the electric force exerted on one spheriadypther.

b. The spheres are connected by a conducting kimd.the electric force between the two after euim
has occurred.
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Coulomb Law

In the Bohr theory of the hydrogen atom, an electrmves in a circular orbit about a proton, whéeeradius
of the orbit is0.529x10~10m, .

a. Find the electric force between the two.

b. If this force causes the centripetal accelenadiothe electron, what is the speed of the elaé
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Electric field - semicircle
A semicircle of the radiuR, 0 <8<, is charged with the char@e

a) Calculate the electric field at the center & diarge distribution is uniform.
b) Let the charge density A = Xgsind . Filg and and tbetiét field at the center.
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Electric field

Calculate directly the flux of the electric fieldbfn a point charg? through an infinite plane whght the
distanced from the charge. Why the result doeslapénd on the distance ?
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Electric field

A box of height2! and infinite length and width isacged so that the charge density depends on ifjethe
only, P = p(z) for—{<z<!, and zero otherwise.

a) Apply Gauss' law and boundary conditions to fimelelectric field for the above charge density,

b) Find the electric field if

p=@/%)(e /1 1e1)

c) What is the charge per unit area of the box ?

33_Electric_Field/e_33_1 004.html

Electric field

kQ N
Given an electric field E= 53{$?+y$:‘

(2) Show thatg is conservative.
(2) Suppose we have an electric chargemdrecays as it is

moved, without affecting the electreld: 1=9qp% °,

wheré is the angle between the diannecting the charge and
the origin, and tI£  axis. Whathis work done in moving
such a chargdimes at radiu® around the origin?

Note thaR is a length scale ar@b is a parameter.

33_Electric_Field/e_33 1 005.html

Electric field

Prove that given a static configuration of ¢ea; then in an
area free of charges, there can be no point at

which a test charge will be at stable equilibri (Hint: use
Gauss' law, and look at the field lines.)

33 _Electric_Field/e_33 1 011.html



Electric Field

Given orthogonal coordinat®s t=1,23  withthhs .2 =P(F1) and does not depend 2  and
3.

In what conditions® = E(x,)&] 2

Assume that these conditions are satisfied andtfiedjeneral expressions & (:151}
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Electric Field

In a homogeneously charged solid sphere (chargatgé®) with the centeC a spherical cavity is cut out wi

the centeQ’ | so that the vecO O’ = d
Find the electric field inside the cavity.
Answer: B = (4mkp/3)d .
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Electric Field
A thin homogeneously charged sphere (raflus d@,'gis cut in two hemispheres.

What force acts on one hemisphere from the other ?
Answer: F' = kQ2 /3R2
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Electric Field

A thin ring is consists of two semi-rings, eachwdifich is charged homogeneously but with the opposit
charges+¢ an—9 . Find the electric field on the Erip.
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Electric Field

Given g — ¢'y2.— /"0 (spherical coordinates). Fi p(r)
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Electric Field
A freely rotating dipole with dipole mome P isthe distancd from a point chardje . What work sthée!

done to move the digole to infinity ?
Answer:W = pg/d*.
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Electric Field
A thin sphere of the radit/Z  is charged so thattteege density iz on one half of the sphere2c n

the other. What is the electric field in the certer
Answer: T

33_Electric_Field/e_33_1_019.html

Electric Field



A thin hemispherel «::Si*rr;’ﬂ in spherical coordinates) efrdiucfi is charged homogeneously (charge
surface densitZ ). Find electric field en a8 =0 nd&d =).
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a 1

P h 2

a 4
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1

Q R 2
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Electric field

Calculate directly the electric field flux through infinite plane a distan@sfrom a point charge.
Explain why your result does not dependdon
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Electric field

An infinite layer of width2| (I<z<-I) is charged non-uniformly, such that the chargesdg depends on the
height of the layer only:

_plz), —i<zd
A7) = 0, otherwise’

1. Explain how to calculate in general the eledigtd inside the layer for any charge densP(z} ngsi
the Gauss' law.

2. The charge density inside the layel o 2| . Caeulze electric field.

J y Y ﬂ{3)=ra(exp(—7)+e:{p(—1))

3. What is the charge per unitai@a  of the boxtHerabove charge density? Write the electric field
outside the box in terms &
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Electric field

Find the electric field of a spherical shell widdius R and total char(j::"
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Electric field

Find the electrical field of a sphere with radiual an charge densf = 3r2
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Electric field

Find the electrical field of a hollow cylinder witm inner radius of R1 and an outer radius of R2.
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Electric field
An isolated electrical wire is charged uniformlytivchargeq and bent into a circular shape (radR)swith a

small holeb << R (whereb is the arc length).
What is the electrical field in the middle of thecte?

R

0 b
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Electric Field
A thin glass rod is bent into a semicircle of racfu A charge‘|“f‘:.5F is uniformly distributed along theoep

half and a charg,‘@ is uniformly distributed alohg tower half, as shown in the figure. Find thetle
field ¥ atP , the center of the semicircle.
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Electric Field

A thin nonconducting rod of finite lengl.  has aade? spread uniformly along it. Show that the nitage
F! of the electric f{eld at poirP on the perpendarisector of the rod is given by

= Efrgn;ny(L2+_1yg)1f2 .
- F
i
+ + + n + £
L
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Electric Field

In the figure, a uniform, upward pointing electiield & of magnitudeZDDDN/c has been set up between
two horizontal plates by charging the lower platsipvely and the upper plate negatively. The @dtave
lengthL =10.0cm and separaticd = 2.00cm . An electron is then shtwéen the plates from the left

edge of the lower plate. The initial veloc’p  bételectron makes an angﬂ!,: WH with the lower plate

and has a magnitude E.DDKIDBm/s . (@) Will the electrorkstane of the plates? (b) if so, which plate and
how far horizontally from the left edge?

¥ |
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Electric Field

At each vertex of a regular hexagon, which is pdacetheTY plane, there are six identical charg@s\What

is the electric field at any poi Z inti€Y¥  plafePWhat is the field on thT  axis? (c) As an ex&Es
asymptotic approximation, what is the field on ¥ eaxis far from the origin, accurate through orz—4% ?
(d) If the 6th charge is removed from the groupatuhk the field at the origin for the remaininglaoges?
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Electric Field

What is the electric fiel',Er)':?:' due to a uniformly cped spherical shell of radifZ  with total cha‘%e ?
The shell thickness is negligible, and the surfdwrge density is uniform.
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Electric Field

A point chargetd is a distan',‘-"z/2 directly above teter of a square of side . What is the magnitdde o
the electric flux through the square?
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Electric Field

In the figure, a small, nonconducting ball of m™* = 1.0mg and uniformly distributed charge

q= 2.0x10-8¢C hangs from an insulating thread that makes area@?,f '”/6 with a vertical, uniformly
charged nonconducting sheet. Considering the badight and assuming that the sheet extends @t in
directions, calculate the surface charge deraityf theosheet.
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Electric Field

very long conducting cylindrical rod of lenc.  daradiusa with a total charctd is surrounded by a
conducting cylindrical shell, of leng L and radbjswith total chargq_—gq , @s shown in the figure. Use
Gauss' law to find (a) the electric field at poiatgside the conducting shell, (b) the distributidrcharge on
the conducting shell, and (c) the electric fieldhe region between the shell and rod.
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Electric Field

a a A
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Electric Field

+q d A
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Electric Field

+q a<b b a
$ —q
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Electric Field

The figure shows a point charde at the centerspierical cavity of radiuff in a piece of metal. Use Gau
law to find the electric field (a) at poiP1 , halyfrom the center to the surface of the cavity @) at
point P2,



+ P2

/
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Coulomb Law

An insulating rod of length L has charge - q unifioy distributed along its length, as shown in F26-29. (a)
What is the linear charge density of the rod? (bl Ehe electric field at point P a distance aglaswn) from
the end of the rod. (c) If P were very far from tbd compared to L, the rod should look like a paimarge.

Show that your answer to (b) reduces to the etefigid of a point charge for

a>>L.

AT S - }:
U S —

FIGURE 26-29. Exercize 18,
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Coulomb Law

An electron moving with a speed of 4.86 x 106 ra/shiot parallel to a uniform electric field of siggh 1030
N/C arranged so as to retard its motion. (a) Hawil the eledron travel in the field before coming
(momentarily) to rest and (b) how much time wikhg$e? (c) If the electric field ends abruptly ait&8 mm,
what fraction of its initial kinetic energy will éhelectron lose in traversing (going through) it

33 _Electric_Field/e_33 3 015.html

Coulomb Law

An electric dipole, consisting of charges of magaé 1.48 nC (1 n = 10-9) separated by 6.23 mm €11
6), is in an electric field of strength 1100 N/&@) What is the magnitude of the electric dipole reatfd (b)
What is the difference in potential energy corresfog to dipole orientations parallel and antiplatab the
field?

33_Electric_Field/e_33_3_018.html

Coulomb Law

Show that the components of E due to a dipole @engt distant points, by
E, = (3[4 o0&+, E,=pRZ -4 oC+7)%2,

where x and z are coordinates of point P in Fig32®elow. Show that this general result includhesdpecial
results that we derived in lectL
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Coulomb Law

A semi-infinite insulating rod (Fig. 26-39 belowarcies a constant charge per unit length of |. Stiat/the
electric field at the point P makes an angle of wWhh the rod and that this result is independénhe distance

FIGURE 26-32. Problem 6.

33_Electric_Field/e_33 3 _021.html

Coulomb Law

A point charge q is placed at one corner of a aflege a. What is the flux through each of theecialces?
(Hint: Use Gauss's law and symmetry arguments.)

33_Electric_Field/e_33_3_022.html
Coulomb Law

An infinite line of charge produces a field of 4%204 N/C at a distance of 1.96 m. Calculate itineak charg
density.

33_Electric_Field/e_33 3 024.html

Coulomb Law

A large, flat, nonconducting surface carries aamif charge density s. A small circular hole of usdR has
been cut in the middle of the sheet, as showngnZi-35. Ignore fringing of the field lines aroualtledges
and calculate the electric field a point P, a diséaz from the center of the hole along its
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Coulomb Law

A cube with 1.4-m edges is oriented as shown in Fig24 in a region of uniform electric field. Fitite
electric flux through the right face if the electfield is given by (a) (6 N/C)i (b) (-2 N/C)j arfd) (-3 N/C)i +
(4 N/C) k. (d) Calculate the total flux through thabe for each of these fields.
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Electric Field
A uniformly charged ring of radius has a total igfeaof . Find the electric field on the axis oé th
ring at (a) (b) (c) and (d) from the centethad ring.
33_Electric_Field/e_33 8 004.html
Electric Field
A uniformly charged disk of radius carries a cleaggnsity of . Calculate the electric
field on the axis of the disk at (a) (b) (c) ddyl from the center of the disk.
36_Electric_Potential/le_36_1 001.html
Electric potential
Find the energy of a ball of radi&&s chargeQ, and charge density n>0 ( in the region O<R

and zero outside i
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Electric potential

A sphere (hollow inside) of radilg, is uniformly charged with chardg, and placed inside a metallic ball v
a cavity. The metallic ball has inner radiRisand outer radiuR, and total charge@

1. Find the electric field in all of space.
2. Find the surface charge density on the innercaner radius of the conducting sphere.

36_Electric_Potential/e_36_1 003.html

Electric potential

A ring of radiusR is uniformly charged with chard@. The ring is placed in the xplane, such that its cente
at the origin.

1. What is the potential along tlze axis?

2. Estimate the potential a distance fromzhexis (say, in the y-direction), to leading order .
Guidance: first, write down an exact integral exgren for the potential. Next, expand the argunrent
the integral as a power series in . Then, evaliiéntegral to leading order in

36_Electric_Potential/le_36_1_012.html|

Electric Potential

A point charge is placed at the distance fromrgd metal plate. What is the electric field atlibsis of the
perpendicular from the charge to the pla
What is the electric field at the distance frora tate on the same perpendicular ?

Answer: ,

36_Electric_Potential/e_36_1 013.html
Electric Potential

Find the average charged density in the atmosphtre electric field near the ground is 100 V/m
while at the height 1.5 km it drops to 25 V/m.

36_Electric_Potential/e_36_1 014.html

Electric Potential

There are three thin concentric metal sphereseofatii
The inner and outer spheres are grounded, the enadd is charged W|th the charge

Find the electric field in the whole space.
Answer:

36_Electric_Potential/e_36_1 015.html



Electric Potential

Two identical (radius ) homogenously charged (cesrgand ) solid spheres are at the distance
from each other. Find the potential in the wholacsp

36_Electric_Potential/e 36 _1 016.html

Electric Potential

Given only (spherical coordinates) and (exceqbpbly, special points), find the general
form of the potential . Same for cylindrical.

36_Electric_Potential/e_36_1 017.html

Electric Potential

A solid sphere of the radius  is homogeneouslygdtmwith the charge  and put inside an infinitddwol

cylinder. The cylinder inner and outer radii arenda, . The cylinder is homogeneosly charged with
the charge density . The center of the sphere th@uoylinder axis. Find the potential in the whsiace.

Hint: Gauss law and superposition.

36_Electric_Potential/e_36_1 018.html
Electric Potential

Given (spherical coordinates, ) find the eledietd and charge density.

36_Electric_Potential/e_36_1 019.html

Electric Potential

The identical parallel plates are at the distance m (much smaller than the size of the plate) onmftioe

other. Find the potential differences between tatep is the are uniformly charged with the chatgesities
C/m , , and

Answer: mV, mV.

36_Electric_Potential/e_36_1 020.html

Electric Potential

Four identical charges are in the vertices otrabedron with the side length of . What work leabe done
to change the side length to ?

36_Electric_Potential/e 36 _1 021.html

Electric Potential

*Let us consider a small area of the conductoram@f  and let the surface charge density is . Tewtrad
field just outside the conductor is ( shows tkasidirected along the normal). The electric
field just inside is zero. Assuming that the snaadla is almost planar and that the electric fiesildie the thin
conductor depends only on the coordinate  alongdinenal, show that the force on this area is ,

where and

36_Electric_Potential/e_36_1 022.html

Electric Potential

A solid metal sphere of the radi  with the charge is inside a spherical metal envelope with theiir



radius and outer radius , . The sphere and thel@pe have the common center. The
envelope is not charged. Find
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Electric potential

A sphere with radiuR is charged uniformly with a total char@e Find the electric potential.

36_Electric_Potential/e_36_2_162.html|
Electric potential

a. Find the electric potential of a ball with aitedof R1 and a total charge of Q covered withtzesp (hollow
with a radius of R2 and a total charge of -Q (RRD.
b. What will happen if the inner ball is grounded?

36_Electric_Potentialle_36_2 163.html
Electric potential

a. Find the electric potential of a chrage (q) @uded by a conductive sphere with a inner radiu®loand an
outer radius of R2 with no charge on it.

b. How is the charge distributed on the conducipleere?

C. What will happen if the sphere is grounded?

36_Electric_Potential/e_36_2_164.htm|
Electric potential

How much energy is needed to create the followmnfiguration’
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Electric Potential

The positively charged rod in the figure, has darm linear charge density of  and lies along thexis.
(a) With at infinity, find the potential due toghod at point onthe axis. (b) Use the resu({apf
to calculate the electric field at

36_Electric_Potential/e_36_3 002.html
Electric Potential

The electric field inside a nonconducting sphereadius R, containing a uniform charge densityadially
directed and has magnitute= (qr)/(4 OF\’3), where ¢ is the total charge in the sphere aadhe distance

form the center of the sphere. (a) Find the padéMiinside the sphere, taking V = 0 at r = 0.\(hat is the
difference in electric potential DV between a pantthe surface and the center of the sphere? I8,gwhich
point is at the higher potential? (c) Show thatpgb&ential at a distance r from the center, whetdzy;, is giver

byV = q(3R2 —r2)/(8 0R3), where the zero of the potential is taken a¥r(infinity). Why does this result
differ from that of part (a)?

36_Electric_Potential/le_36_3 003.html

Electric Potential



A spherical drop of water carrying a charge of x3t0 12C has a potential of 512 V at its surface. (a) Wat
the radius of the drop? (b) If two such drops &f shme charge and radius combine to form a sipplercal
drop, what is the potential at the surface of tbe drop? Set V = 0 at infinity.

36_Electric_Potential/e_36_3 004.html
Electric Potential

Figure 28-42 below shows, edge-on, an "infinitedetiof positive charge density s. (a) How much werk
done by the electric field of the sheet as a spwltive test chargg, is moved from an initial position on the

sheet to a final position located at a perpendialitancez from the sheet? (b) Use the result from (a) tansho
that the electric potential of an infinite sheetbérge can be writtevi=V_ - (s/2¢)z, whereV, is the

potential at the surface of the sh

36_Electric_Potential/e_36_3 005.html
Electric Potential

A charge per unit length | is distributed unifoynallong a thin rod of length L. (a) Determine ttuggmtial
(chosen to be zero at infinity) at point P a distay from one end of the rod and in line with agd=ig. 28-45
below). (b) Use the result of (a) to compute thmponent of the electric field at P in the y dirent{along the
rod). (c) Determine the component of the eledteld at P in a direction perpendicular to the rod.

36_Electric_Potential/e_36_3 006.html
Electric Potential

Two identical conducting spheres of radius 15.0acenseparated by a distance of 10.0 m. What ishithege
on each sphere if the potential of one is +1500% the other i-1500 V? What assumptions have you me



Take V = 0 at infinity.
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Capacitance
Show that the plates of a parallel-plate capaaitivact each other with a force given by . Do so by
calculating the work necessary tp increase the @eparation from to , with the charge remaining
constant.

38_Capacitors/e_38_ 3 002.html
Capacitance

In Fig. below, find the equivalent capacitancéhaf combination. Assume that C1 = 10.3 mF, C2 8 4§,
and C3 = 3.90 mF.

38_Capacitors/e_38 3 003.html
Capacitance

A slab of copper of thickness b is thrust into eaflal plate capacitor as shown in Fig. 30-27 iéjat is the
capacitance after the slab is inserted? (b) Ifaagdq is maintained on the plates, find the rattithhe stored
energy before to that after the slab is insertgdHo6w much work is done on the slab as it is ittt Is the
slab pulled in or do you need to push it in the?
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Capacitance

Figure below shows two capacitors in series, ifjid center section of length b being movable caity.
Show that the equivalent capacitance of the sedetbination is independent of the position of theter
section and is given by C = (eoA)/(a-b).

38_Capacitors/e_38_3 005.html
Capacitance

Figure 30-12 below shows a dielectric slab of thess b and dielectric constant k placed betweeplétes of
a parallel plate capacitor of plate area A and isjoa d. A potential difference Vo is applied with
dielectric present. The battery is then disconmktatel the dielectric slab inserted. Assume thatl®6 cm2,
=1.0cm, b =0.50cm, k=7.0, and Vo = 100 V.GaJculate the capacitance Co before the slalserted. (b
Calculate the free charge g. (c) Calculate thetridefteld in the gap between the plate and théedieic slab.
(d) Calculate the electric field in the dielectsiab. (e) Calculate the potential difference betwibe plates
after the dielectric slab is inserted. . (f) If Whelectric slab filled the entire gap between plees, what would
be the capacitance?

38_Capacitors/e_38_3 006.html

Capacitance



The two metal objects in Fig. 30-21 below haveamatrges of +73 pC and -73 pC, and this resultslia.2-V
potential difference between them. (a) What iscdaeacitance of the system? (b) If the chargestaeged tc
+210 pC and -210 pC, what does the capacitancerz{c) What does the potential difference become?

38_Capacitors/e_38 3 007.html

Capacitance

Two sheets of aluminum foil have a separation 20 Inm, a capacitance of 9.70 pF, and are charg&8.@
V. (a) Calculate the plate area. (b) The separasimow decreased by 0.10 mm with the charge rmidtant.
Find the new capacitance. (c) By how much doegptitential difference change?

38 _Capacitors/e_38 3 008.html
Capacitance

A 6.0- F capacitor is connected in series with a 4f0eapacitor; a potential difference of 200 V is leggp
across the pair. (a) Calculate the equivalent atgrae. (b) What is the charge on each capacifoy®hat is
the potential difference across each capacitor?

38_Capacitors/e_38_3 009.html

Capacitance

An air-filled, parallel-plate capacitor has a catmee of 1.32 pF. The separation of the platel®igled and
wax is inserted between them. The new capacitan2év pF. Find the dielectric constant of the wax.

38_Capacitors/e_38 3 010.html

Capacitance

A parallel-plate capacitor is filled with two diekeics as in Fig. 30-37. Show that the capacitasncgven byC
= ( A20)( o1t o) Check this formula for all limiting cases of thalues of the two dielectric constants

and o

38_Capacitors/e_38 3 011.html

Capacitance



A parallel plate capacitor is filled with two dieteics as in Fig. 30-38. Show that the capacitasiggven byC
= (2 AA[( o1 /( o1+ 9] Check this formula for all limiting cases ofthalues of the two dielectric

constants ., and o>
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39 Conductors/e_39 1 001.html
Conductors

A cylindrical capacitor of inner radilR and outer radiuB2 and lengtiL>>R2 (may be treated as infinite)
contains dielectric material such that the dieleconstant is given by:

1. Find the capacitance of the system by caclulatiegatio of the charge to the potential diffenc
2. The charge on each cylinder is . What is theggnef the system?

39 Conductors/e_39_1 002.html

Conductors

A square capacitor is composed of two parplkgties of area
L x L, a distance d from one another. The capacitoiatseg in
a dielectric fluid with dielectric constantand mass

density , such that the fluid is perpendictdathe

capacitor plates. If the plates of the capacite held at
constant potentiiV, how high will the dielectric fluid rise



the capacitor?

39 Conductors/e_39 1 012.html

Conductors

Three identical isolated metal spheres are position the vertexes of a equilateral triangle. The@nother,
distant conductor, on which the potential is kepistant. Each one of the spheres is connectee tigkant
conductor and then disconnected from it in turreriually, the first one becomes charged with chargand
the second one is charged with . Find the chargen the@third sphere.

Answer:

39 Conductors/e_39 1 013.html

Conductors

The inner plate of the cylindrical capacitor igts potential , the outer plate is grounded. Betw
the plates is the charge distribution with . Find between the plates.

Answer:

39 Conductors/e_39 1 014.html

Conductors

A spherical capacitor ( ) is half full with a dietec . Find the capacity. Ignore edge effects.
Answer:

39 Conductors/e_39 1 015.html

Conductors

Given three capacitors with the capacitances F, ané, F, and the maximum allowed
voltages of V, V, and V. Connect them to get a mmaxn available voltage.
What is this voltage and the capacitance ?

Answer: V, F.

39 Conductors/e_39 1 016.html

Conductors

Find the capacity of the two identical metal speaykthe radius  which are at large distance one from
the other.
Answer:

39 Conductors/e_39 1 017.html

Conductors



There is a dielectric between the parallel plafes @apacitor, with the dielectric constant whigrigs linearly

with the distance from  at one of the plates to thatother. Area of each plate is  and the distance
between them is . Find the capacity.
Answer:

39 Conductors/e_39 1 018.html
Conductors

The length of the capacitor plate (parallel plapacitor, )is . A dielectric with is insertedthat it
fills the volume between the plates to the lengthFind the force on the dielectric when the voltagdahe
capacitor is

Hint: Calculate and the force as . Consider tages: a) the capacitor is not
connected to any external source so that the cloardgiee capacitor is constant, and b) the capaisitor
connected to an external source so that the votingke capacitor is constant. You should get émeesresult.
WARNING: if you forget about the external sourceuywill get a wrong result in the second case.
Answer: pulls the dielectric into the capacitor.

39 Conductors/e_39 1 019.html

Conductors
A parallel plate capacitor has a capacitance of Vpikat will be the capacitance if a metal plate is
inserted between the plates, and the with of taeeps of the distance between the plates ?

Answer: 800 pF.

39 Conductors/e_39 1 020.html
Conductors

Find the capacity coefficients for two concengjpheres
Answer:

39 Conductors/e_39 1 021.html
Conductors

A parallel plate capacitor with the capacity  cstsbf two plates separated by the distance platsnside
an isolated metal box with the walls parallel te fHates and at the distance from them. Whatbeilihe
capacity of the capacitor ? Ignore edge effects.

Answer:

39 Conductors/e_39 1 022.html
Conductors

A parallel plate capacitor is connected to a constaltage . The distance between the platesis . A
dielectric is inserted which fills all the spacdvieeen the plates. The dielectric constant ig/hat is the chang
of the surface density of the charge at the plates

Answer:
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Conductors

a) The current density across a cylindrical conatuef radius R varies according to the equatienjg(1 -r/R)
where r is the distance from the axis. Thus theetiirdensity is a maximum jo at the axis r = O dedreases
linearly to zero at the surface r = R. Calculagdbrrent in terms of jo and the conductor's cezsgional area
A = pR2. (b) Suppose that instead the current therssa maximum jo at the surface and decreaseariynto
zero at the axis (center) so that j = jo r/R. Claliuthe current again. Why is this result difféream that in
(@)?

39 Conductors/e_39_3 002.html

Conductors

When a potential difference of 115 V is appliedimsn the ends of a 9.664mmg wire, the current density it
=1.42 Alcm2. Calculate the conductivity of the eumaterial.

39 Conductors/e_39 3 003.html
Conductors

A resistor is in the shape of a truncated righdudar cone, as shown in Fig. 29-22 below. The el are a
and b, and the length is L. If the taper (slopenmll, we may assume that the current densitpiferm acros
any cross-section. (a) Calculate the resistantiei®bbject. (b) Show that your answer reduce$ta for the
special case of zero taper (a = b).

39 _Conductors/e_39 3 _004.html

Conductors



When a potential difference of 115 V is appliediestn the ends of a 9.66-4mmg wire, the current density is

= 1.42 Alcnf. Calculate the conductivity of the wire material.

For a hypothetical electronic device, the potertitierence V, measured across the device, is related to the
currenti by V =(3.55 x 16 V/A2)i2. (a) Find the resistance when the current is hA0 (b) At what value o
the current is the resistance equal to 1620

Calculate the mean free timdetween collisions for conduction electrons imalwum at 20 C using tables
from the lecture. Each atom of aluminum contributese conduction electrons. The density of alumins

2.7 g/crﬁ’ and it has a molar mass of 27 g/mol.

39 Conductors/e_39 3 _005.html
Conductors

A common flashlight bulb is rated at 310 naAd 2.90 V, the respective values of the curredtwltage unde
operating conditions. If the resistance of the Hilitment when coldT, = 20C) is 1.12 , calculate the
temperature of the filament when the bulb is ore filament is made of tungsten.

A block in the shape of a rectangular solid hasbaszsectional area of 3.50 tm length of 15.8 cm, and a

resistance of 935 . The material of the block has 5.33 ¥4@onduction electrons per’mA potential
difference of 35.8 V is maintained between its ef@sFind the current in the block. (b) Assumihgttthe
current density is uniform, what is its value? @&te (c) the drift velocity of the conduction dlens and (d)
the electric field in the block
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Cl1,C4,C3
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Ne=J
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5V pF 25

K=5 $
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39 Conductors/e_39 8 001.html

Gauss Law

A long hollow cylindrical conductor (inner radiusauter radius b) is surrounded by a long

coaxial cylindrical conducting shell (inner raditysouter radius d). The inner conductor carriessitjye
charge 2q, and the outer conductor carries a chdrge

Find the charge that resides on each surface afahéuctors.

42 Current/e_42_1 011.html
Current

A metal sphere of the radinsnd initial charge  is grounded with a resistor
Find the charge on the sphere as a function of.time
Answer: :

42 Current/e_42_1 013.html

Current

There are three electric light bulbs for the voétdd.0 V and power 50 W, 50 W, and 100 W.
How can they be connected to 220 V to use the wholeer of each one ? (Draw the circuit.)




42 Current/e_42_1 014.html
Current

Two small identical metal spheres of the radiuse iara homogeneous medium with a resistivityVhat it the
resistance between the spheres ? The distancedretive spheres is much larger than
Answer:

42_Current/e_42_1_015.html

Current

Capacitors , , and resistor  are connected inssaria closed circuit without any other elements.

is initially charged to the voltage is not chedgnitially. Find . What heat is produced until
?

Answer:

42_Current/e_42_1_016.html
Current

Current density is given as (cylindrical coorda®t Find the total current in
direction.
Answer:

42_Current/e_42_1_017.html
Current

Current density is given by (spherical coordinates
Find the charge inside the sphere with the raRias a function of time if the initial charge was
Answer:

42 Current/e_42_1 018.html
Current

Electrons (charges, masam) and protons (chargge masdM) with equal number densitieésare accelerated by
the homogeneous constant electric fieltiom the rest. There is a friction force of thenfio ,

, wWhere are friction coefficients.

Find the current density when the velocities doah@nge any longer.
Answer:

42 Current/e_42_1 019.html
Current

The space between two concentric spheres, id flieh a conductor with the resistivity



What is the resistance between the inner and sutéaces.
Answer:

42_Current/e_42_1_020.html
Current

The space between two coaxial cylinders, , isdfilleth a conductor with the resistivity

What is the resistance between the inner and suté&ces. The length of the cylinders is
Answer:

42_Current/e_42_1_021.html
Current

The light element of an electric light bulb candemsidered as a cylinder of the radius and lengthen

the voltage is  its power is . What should be tius  and length  of a light element from the same
conductor so that its power be at the voltage? The working temperature should be the same.il@pis
proportional to the surface area. \i

42 Current/e_42_1 022.html
Current

In the circuit V, mkF. The lamp has a very higtfifite) resistance when the voltage on it is
V, but its resistance drops to zero when the geltaxceeds 10 V, and remains zero until it dropendo

5 V. We want the lamp operate during 1 ms each\dmt should be and ?

H##HHHHH P | CTUREHHH ]
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42 Current/e_42_3 002.html

Circuits

In Fig. 31-25 below, the potential at poiP is 100 V. What is the potential at poQ?



42 Current/e_42_3 003.html

Circuits

In Fig. 31-27 below, what value muBtave if the current in the circuit is to be 50 mPékee; = 2.0 V,e, =
3.0V, and; =r, = 3.0 W. (b) What is the rate at which internagmgy appears in the resist?

42 Current/e_42_3 004.html

Circuits

What current in terms ofandR, does the ammeter A in Fig. 31-29 read? Assunteitimas zero resistance.

42 Current/e_42_3 005.html

Circuits

Calculate the current through each source of erkfgn31-31. (b) Calculaté, -V, Assume thaR, =1.20 ,
R,=230 , ;,=200V, ,=3.80V,and,;=5.00V



42 Current/e_42_3_006.html
Circuits

A circuit containing five resistors connected tb2aV battery is shown in Fig. 31-33. Find the paian
difference across the 5.0+esistor.

42 Current/e_42_3 007.html
Circuits

In Fig. 3134, find the equivalent resistance of the netwdidwa. (b) Calculate the current in each resistot
R, =112 ,R,=42.0 ,R;=616 ,R,=75.0 ,and =6.22V

42 Current/e_42_3 008.html
Circuits

In anRC series circuit of Fig. 31-20 below=11.0 V,R=1.42 M , andC = 1.80 F. (a) Calculate the time
constant. (b) Find the maximum charge that willegpon the capacitor during the charging. (c) Homgl
does it take for the charge to build upto 1 C%



42 Current/e_42_3 009.html
Circuits

A space heater, operating from a 120-V line inWh®., has a hot resistance of 14.0(a) At what rate is
electrical energy transferred into internal energp)?At 5.22 cents/kW-h, what does it cost to opethe
device for 6 hours and 25 minutes?

A 100-Watt light bulb is plugged into a standar@d®2 outlet. (a) How much does it cost per month ¢ays)
to leave the light turned on? Assume that eleetniergy cost 6 cents/kW-h. (b) What is the resigarid¢he
bulb? (c) What is the current in the bulb? (dhis tesistance different when the bulb is turned off

A 15.2-k resistor and a capacitor are connected in sem@sd 3.0-V potential is suddenly applied. The
potential across the capacitor rises to 5.00 V.28 s. (a) Calculate the time constant. (b) Find thgaca#anc:
of the capacitor.

42 Current/e_42_3_010.html
Circuits
An RCcircuit of Fig. 31-20 above is discharged by aigsa switch at timé= 0. The initial potential

difference across the capacitor is 100 V. (a) éf potential difference has decreased to 1.06 V 4@ s,
calculate the time constant of the circuit. (b) \Mhal be the potential difference &t 17 s?
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45 Magnetic_Field/e_45 1 011.html
Magnetic Field

A homogeneous rod of the lendthmasavl, and magnetic momentis put in the magnetic fielB.
Find the frequency of small oscillations near thaikbrium.

45 Magnetic_Field/e_45 1 013.html
Magnetic Field

In the plane a current is flowing in  directiontbat the \textit{current linear density}
. Find the magnetic field for and

45 Magnetic_Field/e_45 1 014.html

Magnetic Field

In one frame . Can they be parallel in another &&m

45 Magnetic_Field/e_45 1 015.html
Magnetic Field

Two magnetic moments and are at the positions d anFind the force between them and the
potential energy of the syste

45 _Magnetic_Field/e_45 1 _016.html
Magnetic Field

In a wire in the form of a square with the sideowf$ the current . Find the magnetic field in the center of
square. \ans

45 Magnetic_Field/e_45_1 017.html
Magnetic Field

A circle of the radius  with the current  is at thistance from a magnetic dipole , is perpendicula
to the plane of the circle. The dipole is on this ax the circle. What force is acting on the caotre

45 _Magnetic_Field/e_45 1 _018.html
Magnetic Field

Prove field transformation rules (see Lecture &githe force and velocity transformations.

45 _Magnetic_Field/e_45 1 _019.html
Magnetic Field

From an infinite cylinder of the radit is cut out another infinite cylinder with the rasd , SO that the



distance between the axes is . The current detmsiiygh the conductor is homogeneous
Find the magnetic field in the center of the smadidinder. \ans

45 _Magnetic_Field/e_45 1_020.html
Magnetic Field

In the magnetic gun a conducting rod is placed twaarails connected to a voltage source, so thrairgent
can flow in the rod. Magnetic field is applied pendicular to the rail-rod plane. The rod length and the
mass is , the rail length is . What should be tireent through the rod in order to accelerate tiaeup to
the velocity

45 Magnetic_Field/e_45 1 021.html
Magnetic Field

Cylindrically symmetric current density is given by . Find the magnetic field.
Answer:

45 Magnetic_Field/e_45_1 022.html

Magnetic Field

Given vector potential (  is a constant vectoriidRine magnetic field and current
density.

45 _Magnetic_Field/e_45 1 _023.html

Magnetic Field

A proton with the velocity km/s enters the magnéeld of the Earth at the distance about 10 Earth
radii from the Earth center. Estimate the radiuthefproton orbit in the magnetic field, if the Eamagnetic
field on the surface is T (Earth is a big magnédipole).

45 Magnetic_Field/e_45 1 024.html
Magnetic Field

Two identical parallel circles with current ( and cuyrent in the same direction for both) and comraxis
are at the distance from each other. Find theefbetween the two.

45 Magnetic_Field/e_45 1 025.html

Magnetic Field

Find the magnetic field in the point  for the casethe figure (choose necessary parameters ydursel

45 Magnetic_Field/e_45 1 026.html
Magnetic Field

Through a cylindrical (radius ) infinite conducftows a current with the current density
. Find the magnetic field.



Answer: for and for

45 Magnetic_Field/e_45 1 027.html
Magnetic Field

A long solid metal cylinder of the radius  is chedigvith the charge  per unit length and rotatearadots
axis with the constant angular velocity . Find thagnetic field inside the cylinder.
Answer:

45 Magnetic_Field/e_45_1 028.html
Magnetic Field
Two parallel circles with the radild currentl (but opposite direction in both circles) are distanced (not

large) from each other.
Find the magnetic field at

45 Magnetic_Field/e_45 1 029.html
Magnetic Field

There is a toroidal coil with the square crossieedfside cm) and the diameter cm. There is
one layer of winding with turns, and current Aelyoke (core) is made of iron with
. Find the magnetic flux through the cross-section.

45 Magnetic_Field/e_45 1 030.html
Magnetic Field

A charge is moving with the constant velocity ndrthe electric and magnetic field.

45 Magnetic_Field/e_45 1 031.html
Magnetic Field

A hollow charged sphere of the radR$s rotating around its axis with the constant daguelocity . The
charge ig) and it is distributed homogeneously on the spharface. Find the magnetic field for

Answer:

45 _Magnetic_Field/e_45 1 _032.html
Magnetic Field

A long coil behaves as a spring with the springstamt . When the current  passes through theitoil,
length is

What is its length without current ?

Hint: Consider energy change taking into accoutéreal emf (needed to ensure that the current does
change).

45 Magnetic_Field/e_45_1 033.html
Magnetic Field

Find the force on the rectangular lor
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Magnetic Field

The magnetic field inside a coil is . The coil lémg and the cross-sectionis . Find the magnetic
moment of the coil and the magnetic field at ladggtances.

45 _Magnetic_Field/e_45 1 _041.html

45 Magnetic_Field/e_45_1 042.html

45 _Magnetic_Field/e_45 1 _043.html

45 _Magnetic_Field/e_45_1_044.html



45 Magnetic_Field/e_45_1 050.html

y- X t=0 % x- $

45 _Magnetic_Field/e_45 1_051.html

l'y=0,y=b $ X q
y=b -

45 Magnetic_Field/e_45 1 052.html

45 _Magnetic_Field/e_45 1_053.html

45 Magnetic_Field/e_45_1 054.html

" 1t=0 " ! -



45 Magnetic_Field/e_45 1 055.html

45 Magnetic_Field/e_45_1 056.html

45 Magnetic_Field/e_45 1 057.html

v $

"e 45 4 102

N

45 Magnetic_Field/e_45 1 058.html

DNwiN e



45 Magnetic_Field/e_45 1 059.html

n ( |
v q r
q
A
2
3
q A4
q 5
q .6
/ # 5 4
45 Magnetic_Field/e_45 2 001.html
d / K
e m "
$ n
45 Magnetic_Field/e_45 2 002.html
m t=0 B
( q n
B $ '
g- m,B
45 Magnetic_Field/e_45 2 003.html
/
$
$

$ 10kN # # "



3m

45 Magnetic_Field/e_45 2 004.html

Hall effect

In a Hall effect experiment, a current of 3.2 Addmwise in a conductor 1.2 cm wide, 4 cm long arxd 9
thick produces a transverse Hall voltage (acciossvidth) of 40 when a magnetic field of 1.5 passed

perpendicularly through the thin conduct

Describe the Hall effect.

Find the general formula for the drift velocitiytbe charge carriers

Substitute the the data above, calculate thewdridcity and the number density of the chargeiess.
From your results try to identify the materialtoé conductor (find some tables over the interpet.

hoONE
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45 Magnetic_Field/e_45 3 001.html

45 Magnetic_Field/e_45_3 002.html
Magnetic Field

A physicist is designing a cyclotron to accelef@@ons (mp = 1.67 x 10-27 kg) to 0.100c (i.e. 10Phe
speed of light which is still considered non-relatic here). The magnet used will produce a f@fld.40 T.
Calculate (a) the radius of the cyclotron and lie) ¢orresponding oscillator frequency.

45 Magnetic_Field/e_45 3 003.html
Magnetic Field

A metal strip 6.5 cm long, 0.88 cm wide, and 0.7#86 thick moves with a constant speed v through anetag
field B = 1.2 mT perpendicular to the strip, aswhon Fig. 32-34 below. A potential difference 093nV is
measured between points x and y across the s@ipulate the speed



45 _Magnetic_Field/e_45_3_004.html
Magnetic Field

A metal wire of mass m slides without friction evothorizontal rails spaced a distance d apartha®/s in
Fig. 32-36 below. The track lies in a vertical wnth magnetic field B. A constant current i flowsrfr the
generator G along one rail, across the wire, aic#t dawn the other rail. Find the velocity (speed an
direction) of the wire as a function of time, assugnit to be at rest at t=0.

45 Magnetic_Field/e_45 3 005.html
Magnetic Field

a. Figure 32-40 below shows an arrangement usetgk&sure the masses of ions. An ion of mass m ardeh
+q is produced essentially at rest in source $amber in which a gas discharge is taking place.idh is
accelerated by a potential difference DV and alkbigeenter a magnetic field B. In the field it meve a
semicircle (as shown in the figure), striking a photggric plate at distance x from the entry slit. Shoat the
ion mass m is given by m = (B2qgx2)/(8DV).

b. Two types of singly ionized atoms having the safmarge q and mass differing by a small amountaben
introduced into the mass spectrometer describéukiprevious problem and shown in Fig. 32-40 ab(ae.
Calculate the difference in mass in terms of DMnqof either), B, and the distance Dx betweensiinas on
the photographic plate. (b) Calculate Dx for a bedisingly ionized chlorine atoms of masses 35ahd 37.0
uif DV =7.33 kV and B =520 mT. (An atomic masst is given by u = 1.66 x -27 kg.
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Magnetic Field

A length L of wire carries a current i. Show thiahie wire is formed into a circular coil, the mamim torque
in a given magnetic field B is developed when tbiftas one turn only and the maximum torque has th
magnitude t = L2iB/(4p).
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Magnetic Field

Figure 32-45 below shows a wooden cylinder withasstm = 262 g and a length L = 12.7 cm, with N = 13
turns (loops) of wire wrapped around it longitudipaso that the plane of the wire loop contains #xis of the
cylinder. What is the minimum current that mustflthrough the loop so that the cylinder will beyaeted
from rolling down a plane inclined at an angleaytite horizontal, in the presence of a verticaifarm
magnetic field B = 477 mT, if the plane of the wimgks (wire loops) is parallel to the inclined plasfehe ram
(as illustrated below)?
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Magnetic Field

A wire carrying current i has the configuration gmain Fig. 33-41 below. Two semi-infinite straiglgctions,
each tangent to the same circle, are connectecthgwar arc, of angle q, along the circumfereatée

circle, with all sections lying in the same plawéhat must g be in order for B to be zero at theeareof the
circle?
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Magnetic Field

Figure 33-53 below shows a cross-section of a tmmgluctor of a type called a coaxial cable of radh, and
c. Equal but anti-parallel, uniformly distributedrgents i exist in the two conductors. Derive esprens for B
(nintheranges (@) r<c, (b)c<r<b, (c) b<a, and (d) r > a. (e) Test these expressionalfthe special
cases that occur to you. (f) Assume that a = 2.0bcm1.8 cm, ¢ = 0.40 cm, and i = 120 A and pl@d) Bver
therange O <r<3.cm.
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Magnetic Field

Figure 33-54 below shows a cross-section of a iolaylindrical conductor of radii a and b, carryiag
uniformly distributed current i.

(a) Using the circular Amperian loop shown, vetifat B(r) for the range b <r < a is givenBfy) = m, i(ré—

b2)/[2pr(a2- b2)]. (b) Test this formula for the special cases ofa, r = b, and b = 0. (c) Assume that a = 2.0
cm, b =1.8cm, and i =100 A and pR(r) for the range 0 £ <6 cm.
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Magnetic Field

Figure 33-57 below shows an arrangement knownteraholtz coil. It consists of two circular coax@ils
each possessing N turns and radius R, separatedlisyance R. The coils carry equal currents héendame
direction. Find the magnetic field at the poinniRgdway between the coils.
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Magnetic Field

A thin plastic disk of radius R has a charge qamifly distributed over its surface. If the diskatets at an
angular frequency w about its axis, show that tlhgmetic field at the center of the disk is
B = (mOw q)/(2p R). (Hint: The rotating disk is egalent to an array of current loops.)
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Magnetic Field

A 1.22keV electron is circulating in a plane at right Eesgo a uniform magnetic field. The orbit radiga4.7
cm. Calculate (a) the speed of the electron, @nthgnetic field, (c) the frequency of revolutiand (d) the
period of motior

A cosmic ray protonr(nID =1.67 x 107/ kg) strikes the Earth near the equator with aicedrvelocity of 2.8 x

10" m/s. Assume that the horizontal component of HES magnetic field at the equator is 30 Calculate
the ratio of the magnetic force on the proton ®dhavitational force on it.

A proton traveling at 23.Qvith respect to a magnetic field of strength 216B experiences a magnetic force of
6.48 x 1017 N. Calculate (a) the speed and (b) the kineticgynim eV of the protonmIO =1.67 x 10?7 kg)

An electric field of 1.5 kV/m and a magnetic fieltl0.44 T act on a moving electron to produce modo(a)
Calculate the minimum electron speedb) Draw the vectorg, B, andv, indicating their relative orientations.
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Magnetic Field

Four particles follow the paths shown in Fig. 326&Bow as they pass through the magnetic fielcethéthat
can one conclude about the charge of each pa
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Magnetic Field

A long solenoid has 100 turns per centimeter. Aatebn moves within the solenoid in a circle ofiuad®2.30
cm perpendicular to the axis of the solenoid. Tpeed of the electron is 0.046@herec = 3 x 18 mis, i.e.
the speed of light.) Find the current in the soléno

A thin plastic disk of radiuR has a charge uniformly distributed over its surface. If the kliotates at an
angular frequency about its axis, show that the magnetic field atdénter of the disk B=( , 0)/(2 R).
(Hint: The rotating disk is equivalent to an arcdycurrent loops.)

A square loop of wire of edge a carries a current

(a) Show thaB for a point on the axis of the loop and a distanfrtem its center is given bB(2) = 4 ia2/[
(42 + ad) (422 + 2291/,

(b) To what does this reduce at the center ofdabp?
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48_Induction/e_48_1 011.html
Induction
Two straight coils of the length have a commoneywkth the magnetic constant (permeability) . The

cross-section of both coils  is the same. Numbgrsros are and , respectively. Find the inductar
coefficients : : , and

48 Induction/e_48 1 012.html

Induction

A small conducting circle of the radius is in tenter of the coil with the same axis. The radiuthe coil
, and the length . The coil has turns. Find théuadunductance
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Induction

Two coils are connected in series. The inductanee a ( ) and . The mutual inductance is
. Find the total inductance of the circuit.

48 Induction/e_48 1 014.html
Induction

A coll with the cross-section , inductance , andligéble resistance, is in the constant magneéffi
Initially its plane is parallel to the magneticlfleand the current in the coil is zero. The coildgated. Find the
current in the coil in the moment when its planpaspendicular to the magnetic field.
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Induction

A long cylinder with the magnetic constant  is med to the length  into a coil of the length  with
turns. The currentin coil is . What force actstom cylinder ?
Hint: Calculate the change in energy less the wbitke additional emf.
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Induction



A one layer winding coil winded on a magnetic cerdivided into two sections, with the inductance and
. Find the inductance of the whole coil. How mamns are in the second section, if given ?
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Induction

Two small circles with the identical area  areaagé distance from each other. The angles betiieen
normals , and the vector are and , respectivhd the mutual inductance

48 Induction/e_48 1 018.html
Induction

A rectangular wire frame with the length (in  ditien) and width (  direction) is falling becaudetite
gravity force in the magnetic field which is dited along and is inhomogeneous

. Find the velocity of the frame as a functioniofd if it starts falling at and the
resistance is
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Induction
Inside a long metal cylinder the the magnetic fisllomogeneous and directed along the axis. Thymetia

flux is growing so that . The magnetic field outsif the cylinder is absent. What is the
electric field outside the cylinder ?

48 Induction/e_48 1 020.html

Induction

Given two almost identical coils with the same lgngnd almost identical radii, so that one of theamn be just
put over the other. Each has inducta . There are various ways of connection:

In series and sufficiently far from each other.

In parallel and sufficiently far from each other.

In series, one over the other and windings atearsame direction.
In parallel, one over the other and windingsiarthe same direction.
In series, one over the other and windings aogposite directions.
In parallel, one over the other and windingsiaregpposite directions.

okhwnE

Find the effective inductance for each case.
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Induction

See previous problem and add an infinite straighe slong the axis of the coil. Find the mutualuothnce.
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Induction

A cable consists of two coaxial cylindrical surfaceith the radii and length . Current flows ireon
direction on one of the cylindrical surfaces andmes on the other. Find the inductance.
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Induction



A small magnet is in the center of a circular @ath the radius and number of turns . The coil is
connected to the galvanometer. The axis of the etagmperpendicular to the plane of the coil. Witen
magnet is taken away the total charge passing ghrthe galvanometer is . The resistance of theoil.
What is the magnetic moment of the magnet ?
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Induction

Current  flows in a circle with the radius . Anatloércle, with the radius , moves along the
common axis with the constant velocity so thatdineles are always parallel to each other. At wiisttance
the emf in the second circle is maximum ?
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Induction

Two coils have the same core. The inductance arend a . Find

48_Induction/e_48_1_027.html
Induction

A colil of the length  has turns. A cylindrical eaof the length  with the magnetic constant  is
inserted to the coil. Find the inductance.
Hint: inductance in series.
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Induction

Find the inductance of a toroidal coil with the@enmadius , outer radius , and a rectangular csesfion of
the height . Number of turns
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Faraday's law

Apply Faraday's law to show that a static eledteltl between the plates of a parallel-plates capacannot
drop apruptly to zero at the edges of the capacitor
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Mutual inductance

Two loops of radius are at a distandefrom one another, such that the planes of thed@we parallel, and
perpendicular to the axis connecting th

1. Assuming , What is the mutual inductance of tfstesn?

2. In one loop there is a constant curdeand the other loop rotates at the angular velocitglong its
diameter. What is the induced EMF in the rotatmapl?
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Mutual inductance

Inside an infinite solenoid with windings per unit length, there is a closed pldoap of area S which is
placed at an ang to the axis of symmetry of the solenoid.

What is the mutual inductance of the system?
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t=0 R

\Y} z=0 t=0-
z
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Motion of inductive wire

A rectangle of perfectly conducting wire havingesd andb (b>a), masaVl and self-inductancke, moves witt
initial velocity v, in its plane, directed along its longest sidenfra region of zero magnetic field into a region

with a fieldBy which is uniform and perpendicular to the plan¢hefrectangular. Describe the motion of the

rectangular as a function of time.
Ans. : harmonic motion with
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Inductance

What is the self-inductance of a long densely wocylishdrical solenoid?

48 Induction/e_48 3 _002.html

Inductance

What is the self-inductance of a closely wound ittabcoil with rectangular cross section?

48 Induction/e_48 3 003.html
Induction

The magnetic field through a one-turn loop of wiiiecm in radius and 8.5 W in resistance changéds twite
as shown in Fig. 34-42 below. Calculate the entheloop as a function of time. Consider the timtervals
(@t=0tot=2s;(b)t=2stot=4s; (64 stot=8s. The uniform magnetic field isgendicular to the
plane of the loo)
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Induction

A square wire loop with 2.3-m sides is perpendictdaa uniform magnetic field, with half the ardaloe loop
in the field, as shown in Fig. 34-44 below. Thepawmntains a 2.8 battery with negligible internal resistan:
If the magnitude of the field varies with time amtiog to B = (0.042 T) — (0.87 T/s)t, what is tlogad emf in
the circuit?
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Induction

Figure 34-48 below shows a rod of length L causendve at constant speed v along horizontal conuyct
rails. In this case the magnetic field in which tbd moves is not uniform but is provided by a eatr in a
long, parallel wire. Assume that v = 4.86 m/s, 502 mm, L = 9.83 cm, and i = 110 A. (a) Find theéuced
emf in the rod. (b) Calculate the current in thadwurcting loop. Assume that the resistance of tdas@d 15
mW and that the resistance of the rails is nedligimall. (c) At what rate does the internal enesfthe rod
increase? (d) Find the force that must be appljedrbexternal agent to the rod to maintain its orot{e) At
what rate does this force do work on the rod? Coeflas answer with the answer to (c). Compare this
guestion with number 16 above.
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Induction

Two straight, conducting rails form an angle g vehreir ends are joined. A conducting bar is intachwith
the rails and forms an isosceles triangle (i.¢rigagle with two of its sides being equal in Idmgto the left of
the bar, as shown in Fig. 34-50 below. The batsstdrthe vertex at time t = 0 and moves with camist
velocity v to the right, as shown in Fig. 34-50magnetic field B points out of the page. (a) Fine émf
induced as a function of time. (b) If g = 110°, B52 mT, and v = 5.21 m/s, when is the induced el to
56.8 V?
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Induction

A stiff wire bent into a ser-circle of radius a is rotated with a frequency &inniform magnetic field, ¢



shown in Fig. 34-51 below. What are (a) the freqyeand (b) the amplitude of the emf induced inltdop?
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Induction

A rod with length L, mass m, and resistance R slidi#hout friction down parallel conducting rails o
negligible resistance, as shown in Fig. 34-59 belbwe rails are connected together at the bottoshaan,
forming a conducting loop with the rod as the tegraent. The plane of the rails makes an angle fy tivée
horizontal, and a uniform vertical magnetic fieldeBists throughout the region. (a) Show that tlteacquires
a steady state terminal velocity whose magnitudesismgRsing)/(B2L2cos2q). (b) Show that the iate
which the internal energy of the rod is increassgqual to the rate at which the rod is losing/gadional
potential energy. (c) Discuss the situation if Brevdirected down instead of |
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Induction

A uniform magnetic field B fills a cylindrical vofae of radius R. A metal rod of length L is placedshown ii
Fig. 34-63 below. If B is changing at the rate dB#&thow that the emf that is produced by the changi
magnetic field and which acts between the endeefad is given by e = (dB/dt)(L/2)(I-L2/4)1/2
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Induction

In Fig. 34-41 below, the magnetic flux through tbep shown increases according to the relatign= (6

me/s,z)t2 + (7 mWDb/s). (a) What is the absolute value of the emf induodtie loop whert = 2.0 s? (b) Wh.
is the direction of the current through the resto

48 Induction/e_48 3 011.html
Induction

For the situation shown in Fig. 34-45 belaws 12 cmb = 16 cm. The current in the long, straight wire is
given byi = (4.5 A/sz)t2 (10 A/st. Find theemfin the square loop t = 3



48 Induction/e_48 3 _012.html
Induction

Figure 34-48 below shows a rod of lengtbaused to move at constant spe@ibng horizontal conducting
rails. In this case the magnetic field in which thd moves is not uniform but is provided by a eatr in a
long, parallel wire. Assume that 4.86 m/sa=10.2 mmL = 9.83 cm, and= 110 A. (a) Find the induced
emf in the rod. (b) Calculate the current in thadwurcting loop. Assume that the resistance of tdds@15 m
and that the resistance of the rails is negligdmhall. (c) At what rate does the internal energthefrod
increase? (d) Find the force that must be appljedrbexternal agent to the rod to maintain its orot{e) At
what rate does this force do work on the rod? Coentlas answer with the answer to (c). Compare this
guestion with number 16 above.
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Induction

Figure 34-53 below shows a uniform magnetic fidldonfined to a cylindrical volume of raid&sB is
decreasing in magnitude at a constant rate ofh0/8. What is the instantaneous acceleration (time@and
magnitude) experienced by an electron placex] atb, and atc? Assume that = 4.82 cm. (The necessary
fringing of the field beyondR will not change your answer as long as there il @&gmmetry about the
perpendicular axis throuch.)
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Induction

A wire is bent into three circular segments of uadi= 10.4 cm, as shown in Fig. 34-55 below. Each sggm
is a quadrant of a circlap lying in thexy plane bc lying in theyz plane, andalying in thezxplane. (a) If a
uniform magnetic fieldB points in the positiv& direction, find the emf developed in the wire wiiimcrease
at the rate of 3.32 mT/s. (b) What is the directbthe current in the segmend?
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Induction

In Fig. 34-56 below, the square has sides of leBdilcm. A magnetic field points out of the page; i
magnitude is given bB = (4 T/rrsz)tzy. Determine themfaround the squaret = 2.5 s and give its directic
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Induction

Figure 34-58 below shows a "homopolar generatodéwace with a solid conducting disk as a rotonsTh
machine can produce a greater emf than one usegl®ap rotors since it can spin at a much higinguéar
speed before centrifugal forces disrupt the rqgrShow that the emf produced is given by fBRZ, wheref

is the spin frequency is the rotor radius, arlis the uniform magnetic field perpendicular to thtor. (b)
Find the torque that must be provided by the mgpamning the rotor when the output current is
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a=2.5cm ,b=7.5cm
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RLC Circuits

A circular coil has a 10.3 cm radius and consis®4oclosely wound turns of wire. An externally guxzed
magnetic field of 2.62 mT is perpendicular to tled.qa) If no current is in the coil, what is thember of flux
linkagesN g, for the solenoid. (b) When the current in thd 8.77 A in a certain direction, the net flux

through the coil is found to vanish. Find the in@dunce of the coil.

The inductance of a closely wouleturn coil is such that an emf of 3.0 mV is induedaen the current
changes at the rate of 5.0 A/s. A steady stateotaf 8.0 A produces a magnetic flux of A4¥/b through eac
turn. (a) Calculate the inductance of the coil.Hloiv many turns does the coil have?

A toroid having a 5.20 cm square cross-sectionaamithside radius of 15.3 cm has 536 turns of wire a
carries a current of 810 mA. Calculate the magrfeticthrough a cross-section.
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RLC Circuits

The current through a 4.6 H inductor varies with tirhas shown on the graph of Fig. 36-18 below. Cateula
the induced emf during the time intervalst(&)0 tot =2 ms, (b =2 msta =5ms, and (=5 msta =6
ms. (Ignore the behavior at the ends of each iat
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RLC Circuits

Consider the LR circuit of Fig. 36-4 below. (a)témms of the battery emf e, what is the induced gnvthen
the switch has just been closed on a? (b) What &fter two time constants? (c) After how many time
constants will g bee just one-half of the battery emf e?
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RLC Circuits

In Fig. 36-19 below, =100 V,R; =10 ,R,=20 ,Ry=30 ,andL =2.0 H. Find the values of andi,

(a) immediately after switch S is closed, (b) agldime later, (c) immediately after switch S is npé again,
and (d) a long time later.
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RLC Circuits

In the circuit shown in Fig. 36-20 below, e = 10R{,= 5 W,R, = 10 W, and. = 5.0 H. For the two separate
conditions (I) switch S just closed and (Il) switSttlosed for a long time, calculate (a) the currgthrough
R, (b) the current, throughR,, (c) the current through the switch, (d) the potential differenceoasR,, (€)
the potential difference acroksand (f)di,/dt.
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RLC Circuits

A solenoid 85.3 cm long has a cross-sectional @rd@.2 cm2. There are 950 turns of wire carryirguaent

of 6.57 A. (a) Calculate the magnetic field enedgysity inside the solenoid. (b) Find the totalrgpestored ir
the magnetic field inside the solenoid. (Neglet@&f near the ends of the solenoid.)

A colil is connected in series with a 10.4 kW resistWhen a 55.0 V battery is applied to the tworadats, the
current reaches a value of 1.96 mA after 5.20 a)g-ifyd the inductance of the coil. (b) How muckrgy is
stored in the coil at this same moment?

An oscillatingLC circuit consisting of a 1.13 nF capacitor and13nH coil has a peak potential drop of 2.87
V. Find (a) the maximum charge on the capacitgrth{e peak current in the circuit, and (c) the maxn

energy stored in the magnetic field of the coil.
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RLC Circuits

In the circuit shown in Fig. 36-22 below, the swWittas been in positicafor a very long time before it is
thrown to positiorb. (a) Calculate the frequency of the resulting ltstang current. (b) What will be the
amplitude of the current oscillations?
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RLC Circuits

An LC circuit has an inductance of 3.0 mH and a capacétaf 10 F. Calculate (a) the angular frequency and
(b) the period of oscillation. (c) At tinte= 0 the capacitor is charged to 200, and the current is zero. Sketch
roughly the charge on the capacitor as a functfdime

A single loop circuit consists of a 7.22resistor, a 12.3 H inductor, and a 3.Bcapacitor. Initially, the
capacitor has a charge of 6.3C and the current is zero. Calculate the chargi@mapacitoN complete

cycles later foN = 5, 10, and 100.

How much resistand® should be connected to an indudtor 220 mH and capacit@ = 12 F in series in
order that the maximum charge on the capacitorydeiwa99% of its initial value in 50 cycles?
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L=248 mH RLC
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RLC

E=220 volt, L=40 mH, R=100, C=20 micro farad, f=50 Hz
f
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Parallel capacitor

Consider a parallel capacitor made of two condudisks of radiuR being charged up by a constant electric
current.

1. Find the electric and magnetic fields in the bajween the disks, as functions of the distafcem the
axis and the time(assume the charge is zera at0).

2. Find the energy density and the Poynting vectdhé gap. Note especially the direction of thetmec

3. Determine the total energy in the gap, as a fongif time. Calculate the total power flowing irttee
gap. Check that the power input is equal to the edincrease in energy in the gap.
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Radiation pressure

The intensity of sunlight hitting the earth is ab&LB kwi/nf. If the sunlight strikes a perfect absorber, what
pressure does it exert? How about a perfect refiedtvhat fraction of atmosphere pressure doesathmunt
to?
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