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Vector analysis

CalculateC = div(mxr/r3).
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Vector analysis

Calculatedjv s -
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Vector analysis

Calculaternt rnt 4 in spherical coordinates.
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Vector analysis

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

Calculate 4 = grad(Ccosf/r?) in spherical coordinates.
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Vector analysis

CalculategradU{r) in spherical coordinates.
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Vector analysis

Calculategraddiv.A in cylindrical coordinates.
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Vector analysis

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

Given a functiorlU [r,8,¢ | = U1 [r]U5[0] calculatedivgradls.
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Vector analysis

Calculate C = rot[wxr) wherew is a constant vector.
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Electric Field

Given orthogonal coordinaté®,, + =1,2,3, with theirh;. Let” = #{%1) and does not depend %2 and *3.
In what conditionsEl = E(z, )&y ?
Assume that these conditions are satisfied andtfiedjeneral expressions ‘E(z ).

33_Electric_Field/e_33 1 012.html

Electric Field
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33_Electric_Field/e_33_1_013.html

Electric Field

In a homogeneously charged solid sphere (chargstg@ with the cente a spherical cavity is cut out with the cer/, so
—

that the vectoQQ’ =d .
Find the electric field inside the cavity.

Answer: E = (4mkp/3)d .

33_Electric_Field/e_33_1_014.html
Electric Field

A thin homogeneously charged sphere (raRJs:hargeQ) is cut in two hemispheres.
What force acts on one hemisphere from the othencerline{

Answer: F' = k@2 /3 R2.

33_Electric_Field/e_33 1 015.html

Electric Field

A thin ring is consists of two semi-rings, eachwdifich is charged homogeneously but with the oppadiarges+g and—g . Find
the electric field on the ring axis.

33_Electric_Field/e_33 1 016.html
Electric Field

Given g — 2, "/T04 (spherical coordinates). Fio(r).

33_Electric_Field/e_33 1 017.html
Electric Field

A freely rotating dipole with dipole mome 7 is at the distancs from a point charg?. What work should be done to move the
dipole to infinity ?

Answer: W — qudz.

33_Electric_Field/e_33 1 018.html

Electric Field

A thin sphere of the radit g is charged so that the charge densi‘g isn one half of the sphere a%~' on the other. What is the
electric field in the center ?

Answer: T,

33_Electric_Field/e_33 1 019.html

Electric Field
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A thin hemisphere0<6'<'rrj2 in spherical coordinates) of the radwsis charged homogeneously (charge surface dezjityrind
electric field orz axis @ = () andg = ).

33_Electric_Field/e_33 1 101.html

Physics 2 - Exercise 1

1. Given that 7= (z,y,z2), kis a real, constant, vector, and 1 = /—1,

(a) Show that
(b) Evaluate

2. Show that

(a)

(b)
(F-'@")ﬁ=£

r
Where 7 is a unit vector in the radial direction, and F, is the
projection of F' onto the plane whose normal is 7.

3. A semicircle of radius R is charged with electric charge Q).

(a) Calculate the electric field at the center of the semicircle assuming
that the charge is uniformly distributed.

(b) If the charge has charge density A(f) = Agsin#, determine the
value of Ay so that the total charge on the semicircle is ). € is the
angle between a the line on a point on the semicircle and its (the
circles) center, and an imaginary line connecting its ends.

(c) Find the electric field at the center of the semicircle for the above
charge density.

4. Calculate directly the electric field flux through an infinite plane a
distance d from a point charge. Explain why vour result does not
depend on d.
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5.

a box of height 2! and infinite length and width is charged non uni-
formly, such that the charge density depends on the height of the box

only: _
p(ﬂ:{p(:)’ l<z< -l

0, otherwise.

(a) Suppose that p(z) is a known function. Explain why one can not
use Gauss' law to calculate the electric field for a given, generic,
charge density.

(b) Find the electric field if p(z) = & (E_I% + E_l).

(c) What is the charge per unit area (o) of the box, for the above
charge density? Write the electric field outside the box in terms
of a.

33_Electric_Field/e_33_2_003.html
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dg = pdv, dv = dxdydz = r* sin @drd 8d ¢
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Exercise 1 : Physics 11

(1) Three charged particles lie on a straight line and are separated by a distance d as
shown in the figure. Charges g1 and g2 are held fixed. Charge g3, which is free to
move, is found to be in equilibrium under the action of the electric forces. Find g1

in terms of g2.

L ] £ : 2
i [
9 %
(2)  Two pesitive charges, sach 418 pU, 2od negative charge, —6.08 pC. are fived =6 che vertices ol an ecnilaters] triarg e

of sice 13 em. Fol che electeal Toree on the epeive charce,

(3) Two (free) point charges, +q and +4q are at a distance L from one another. A third
charge is positioned so that the system is in equilibrium. Find the location of the third

charge, and it's value.

(4) Consider a 1od of length L with charge density A = 4, x (O<x<L).
a. find A, if the total charge on the rod is Q.

b. find the force acting on a charge q, placed at height h above the middle of the rod
(x=L/2).

33_Electric_Field/e_33_2_102.html
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Exercise 2 : Physics II +Buel603)
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Electric Potential

36_Electric_Potential/le_36_1_ 012.html
Electric Potential
A point chargeg is placed at the distandgrom a large metal plate. What is the electritdfiat the basis of the perpendicular from

the charge to the plate ?
What is the electric field at the distar2d from the plate on the same perpendicular ?

Answer: qu,ug, SkG’fgdg.

36_Electric_Potential/le_36_1 013.html
Electric Potential

Find the average charged dentin the atmosphere it the electric field near thmugd is£1 =100 V/m while at the heigth =
1.5 km it drops 2= 25 v/im.

36_Electric_Potential/le_36_1_ 014.html
Electric Potential

There are three thin concentric metal sphereseofatiii i1 < g < H3.
The inner and outer spheres are grounded, the enadidf is charged with the chaiQ2
Find the electric field in the whole space.

Answer:

Q, r<Hy
Ry(Ry—R3)Q/Ry(R3—Ry)r?, Ri<r<Hy
R3(Rg—R1)Q/Ry(R3-Ry)r?, Ry<r<Hj

g, r>>FHq

B, =

36_Electric_Potential/e_36_1_015.html
Electric Potential

Two identical (radiusg) homogenously charged (char@=and—=g) solid spheres are at the distaL>2R from each other. Find
the potential in the whole space.

36_Electric_Potential/e_36_1_ 016.html
Electric Potential

Given ¢ = ¢(r) only (spherical coordinates) ap = 0 (except, probably, special points), find the gahtarm of the potential
¢(r). Same for cylindrical.

36_Electric_Potential/le_36_1 017.html
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Electric Potential

A solid sphere of the radit® is homogeneously charged with the chzQyand put inside an infinite hollow cylinder. Thelinger
inner and outer radii aceandd, FE<a<b. The cylinder is homogeneosly charged with thegdaensityp. The center of the sphere
is on the cylinder axis. Find the potential in Wieole space.

Hint: Gauss law and superposition.

36_Electric_Potential/le_36_1 018.html
Electric Potential

Giveng = Ccosefrﬁ (spherical coordinate ¢’ = const) find the electric field and charge density.

36_Electric_Potential/e_36_1_019.html
Electric Potential

The identical parallel plates are at the disteg — 1 mm (much smaller than the size of the plate) comfthe other. Find the
potential differences between the plates is theiaiflermly charged with the charge densily — g 5.10—% C/m?, 20, and—3a.

Answer: V13 ="70mvV, ¥V23=210 mv.

36_Electric_Potential/e_36_1_020.html
Electric Potential

Four identical chargegs are in the vertices of a tetrahedron with the &dgth ofa. What work has to be done to change the side
length toa/2 ?

36_Electric_Potential/le_36_1 021.html

Electric Potential

*Let us consider a small area of the conductorema § and let the surface charge densitz'sThe electric field just outside the
conductor isF,, = 4kmo (1 shows that is is directed along the normal). Tiketac field just inside is zero. Assuming thag th
small area is almost planar and that the eledgid inside the thin conductor depends only ondberdinate & along the normal,
show that the force on this aree¢d F* = qE, whered = 945 and & = ke

36_Electric_Potential/le_36_1 022.html
Electric Potential

A solid metal sphere of the radi R4 with the charg«Q is inside a spherical metal envelope with the imadius B and outer
radiusfiz, A1 <Hy<H3 The sphere and the envelope have the commorrc&hteenvelope is not charged. Fe(r).

36_Electric_Potential/le_36_1 102.html
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Conductors

Three identical isolated metal spheres are position the vertexes of a equilateral triangle. Thenother, distant conductor, on
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which the potential is kept constant. Each onénefspheres is connected to the distant conductbthem disconnected from it in
turn. Eventually, the first one becomes chargedti whitarged; and the second one is charged \2hFind the charg% on the third
sphere.

Answer:

39_Conductors/e_39 1 013.html

Conductors

The inner platefy of the cylindrical capacitor is at the poten % , the outer plat f£1 is grounded. Between the plates is the
charge distribution witle = const. Find ¢(r) between the plates.

Answer:

39 _Conductors/e_39 1 014.html

Conductors
A spherical capacitolfi< fq) is half full with a dielectrice. Find the capacity. Ignore edge effects.

Answer:

39 _Conductors/e 39 1 015.html

Conductors

Given three capacitors with the capacitarC'; = 2 uF, F, and F, and the maximum allowed voltages of
V1=1000y, Vo =450y, and¥ 3=250v. Connect them to get a maximum available voltAkat is this voltage and the

capacitance ?

Answer: ¥ =1125 V, € =03uF,

39 _Conductors/e_39 1 016.html

Conductors
Find the capacity of the two identical metal spearkthe radius which are at large distan >3 B one from the other.

Answer:

39 _Conductors/e_39_1_017.html

76 of 159



Conductors

There is a dielectric between the parallel plates @capacitor, with the dielectric constant whigrigs linearly with the distance
from  at one of the plates €;<€; at the other. Area of each plate,5sand the distance between therg.iFind the capacity.

Answer:

39 _Conductors/e_39 1 018.html

Conductors

The length of the capacitor plate (parallel plapazitor, )is]. A dielectric withe>] is inserted so that it fills the volume
between the plates to the lenzth Find the force on the dielectric when the voltagethe capacitor is .

Hint: CalculateTr(x) and the force as . Consider two cases: a) the capacitor is not adeddo any external
source so that the charge on the capacitor is@onsind b) the capacitor is connected to an eaftsource so that the voltage on the
capacitor is constant. You should get the samdtresu

WARNING: if you forget about the external sourcauywill 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 pF. What will be the capacitance if a metal platmgerted between the
plates, and the with of the platelf4 of the distance between the plates ?

Answer: 800 pF.

39 _Conductors/e_39 1 020.html
Conductors
Find the capacity coefficien C%:j for two concentric spherdi] < Rs.

Answer:

39 _Conductors/e_39 1 021.html

Conductors

A parallel plate capacitor with the capac¢>sconsists of two plates separated by the distgnttds put inside an isolated metal box
with the walls parallel to the plates and at thetatice d,fﬁ from them. What will be the capacity of the caparc? Ignore edge
effects.

Answer:
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Conductors

A parallel plate capacitor is connected to a camstaltage . The distance between the plateg.i# dielectric is inserted which
fills all the space between the plates. The digecbnstant i. What is the change of the surface density otttege at the plates
?

Answer:

39 _Conductors/e_39 1 103.html
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42 Current/e_42_1 011.html
Current

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

Answer: ,C = r!’fk

42 Current/e_42_1 013.html

Current

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

42 Current/e_42_1 014.html

Current

Two small identical metal spheres of the rad“wse in a homogeneous medium with a resistjzitWhat it the resistance between
the spheres ? The distance between the sphereslslarger thair.

Answer:

42 Current/e_42_1_015.html
Current

Capacitors C'2, and resistor are connected in series in a closed circuit witlzmy other elements. s initially charged to
the voltagey”, €12 is not charged initially. FinI':i). What heat is produced until ?

Answer:

42 Current/e_42_1 016.html
Current
Current density is given as (cylindrical coordinates). Find the total currém? direction.

Answer:

42 Current/e_42_1 017.html
Current

Current density is given by (spherical coordinates). Find the charge insiéestthere with the radius
as a function of time if the initial charge V\QO.
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Answer:

42 Current/e_42_1_018.html

Current

Electrons (charg=—e, massm) and protons (chargzz mass A7) with equal number densitirt are accelerated by the
homogeneous constant electric fi g7ifrom the rest. T