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Vector analysis

Calculate . 

30_Math_Intro_2/e_30_1_012.html

Vector analysis

Calculate . 

30_Math_Intro_2/e_30_1_013.html

Vector analysis

Calculate  in spherical coordinates. 

30_Math_Intro_2/e_30_1_014.html

Vector analysis

Calculate  where  is a constant vector. 

30_Math_Intro_2/e_30_1_015.html

Vector analysis

Calculate  in spherical coordinates. 

30_Math_Intro_2/e_30_1_016.html

Vector analysis

Calculate  in spherical coordinates. 

30_Math_Intro_2/e_30_1_017.html

Vector analysis

Calculate  in cylindrical coordinates. 
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Vector analysis

Calculate  in spherical coordinates. 
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Vector analysis

Given a function  calculate . 

30_Math_Intro_2/e_30_1_020.html

Vector analysis

Calculate  where  is a constant vector. 
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33_Electric_Field/e_33_1_011.html

Electric Field

Given orthogonal coordinates , , with their . Let  and does not depend on  and .
In what conditions  ? 
Assume that these conditions are satisfied and find the general expressions for . 

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 (charge density ) with the center  a spherical cavity is cut out with the center , so

that the vector . 
Find the electric field inside the cavity. 

Answer: . 

33_Electric_Field/e_33_1_014.html

Electric Field

A thin homogeneously charged sphere (radius , charge ) is cut in two hemispheres. 
What force acts on one hemisphere from the other ? \underline{

Answer: . 

33_Electric_Field/e_33_1_015.html

Electric Field

A thin ring is consists of two semi-rings, each of which is charged homogeneously but with the opposite charges,  and . Find
the electric field on the ring axis. 

33_Electric_Field/e_33_1_016.html

Electric Field

Given  (spherical coordinates). Find . 

33_Electric_Field/e_33_1_017.html

Electric Field

A freely rotating dipole with dipole moment  is at the distance  from a point charge . What work should be done to move the
dipole to infinity ? 

Answer: . 

33_Electric_Field/e_33_1_018.html

Electric Field

A thin sphere of the radius  is charged so that the charge density is  on one half of the sphere and  on the other. What is the
electric field in the center ? 

Answer: . 

33_Electric_Field/e_33_1_019.html

Electric Field
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A thin hemisphere (  in spherical coordinates) of the radius  is charged homogeneously (charge surface density ). Find
electric field on  axis (  and ). 

33_Electric_Field/e_33_1_101.html
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Electric Potential

36_Electric_Potential/e_36_1_012.html

Electric Potential

A point charge  is placed at the distance  from a large metal plate. What is the electric field at the basis of the perpendicular from
the charge to the plate ? 
What is the electric field at the distance  from the plate on the same perpendicular ?

Answer:  , . 

36_Electric_Potential/e_36_1_013.html

Electric Potential

Find the average charged density  in the atmosphere it the 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 spheres of the radii . 
The inner and outer spheres are grounded, the middle one is charged with 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 (charges  and ) solid spheres are at the distance  from each other. Find
the potential in the whole space. 

36_Electric_Potential/e_36_1_016.html

Electric Potential

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

36_Electric_Potential/e_36_1_017.html
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Electric Potential

A solid sphere of the radius  is homogeneously charged with the charge  and put inside an infinite hollow cylinder. The cylinder
inner and outer radii are  and , . The cylinder is homogeneosly charged with the charge density . The center of the sphere
is on the cylinder axis. Find the potential in the whole space. 

Hint: Gauss law and superposition. 

36_Electric_Potential/e_36_1_018.html

Electric Potential

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

36_Electric_Potential/e_36_1_019.html

Electric Potential

The identical parallel plates are at the distance mm (much smaller than the size of the plate) one from the other. Find the
potential differences between the plates is the are uniformly charged with the charge densities  C/m , , and . 

Answer:  mV,  mV. 

36_Electric_Potential/e_36_1_020.html

Electric Potential

Four identical charges  are in the vertices of a tetrahedron with the side length of . What work has to be 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 conductor surface  and let the surface charge density is . The electric field just outside the
conductor is  (  shows that is is directed along the normal). The electric field just inside is zero. Assuming that the
small area is almost planar and that the electric field inside the thin conductor depends only on the coordinate  along the normal,
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 radius  with the charge  is inside a spherical metal envelope with the inner radius  and outer
radius , . The sphere and the envelope have the common center. The envelope is not charged. Find . 

36_Electric_Potential/e_36_1_102.html
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Conductors

Three identical isolated metal spheres are positioned in the vertexes of a equilateral triangle. There is another, distant conductor, on
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which the potential is kept constant. Each one of the spheres is connected to the distant conductor and then disconnected from it in
turn. Eventually, the first one becomes charged with charge  and the second one is charged with . Find the charge  on the third
sphere. 

Answer:  . 

39_Conductors/e_39_1_013.html

Conductors

The inner plate  of the cylindrical capacitor is at the potential , the outer plate  is grounded. Between 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 dielectric . Find the capacity. Ignore edge effects. 

Answer:   

39_Conductors/e_39_1_015.html

Conductors

Given three capacitors with the capacitances F, F, and F, and the maximum allowed voltages of
V, V, and V. Connect them to get a maximum 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 spheres of the radius  which are at large distance  one from the other. 

Answer:  . 

39_Conductors/e_39_1_017.html
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Conductors

There is a dielectric between the parallel plates of a capacitor, with the dielectric constant which varies linearly with the distance
from  at one of the plates to  at the other. 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 plate capacitor, ) is . A dielectric with  is inserted so that it fills the volume
between the plates to the length . Find the force on the dielectric when the voltage on the capacitor is . 

Hint:  Calculate  and the force as . Consider two cases: a) the capacitor is not connected to any external
source so that the charge on the capacitor is constant, and b) the capacitor is connected to an external source so that the voltage on the
capacitor is constant. You should get the same result. 
WARNING: if you forget about the external source you will 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 plate is inserted between the

plates, and the with of the plate is  of the distance between the plates ? 

Answer:  800 pF. 

39_Conductors/e_39_1_020.html

Conductors

Find the capacity coefficients  for two concentric spheres . 

Answer:

39_Conductors/e_39_1_021.html

Conductors

A parallel plate capacitor with the capacity  consists of two plates separated by the distance . It is put inside an isolated metal box
with the walls parallel to the plates and at the distance  from them. What will be the capacity of the capacitor ? Ignore edge
effects. 

Answer:   
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39_Conductors/e_39_1_022.html

Conductors

A parallel plate capacitor is connected to a constant voltage . The distance between the plates is . A dielectric is inserted which
fills all the space between the plates. The dielectric constant is . What is the change of the surface density of the charge 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 radius  and 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 voltage 110 V and power 50 W, 50 W, and 100 W. 
How can they be connected to 220 V to use the whole power of each one ? (Draw the circuit.) 

42_Current/e_42_1_014.html

Current

Two small identical metal spheres of the radius  are in a homogeneous medium with a resistivity . What it the resistance between
the spheres ? The distance between the spheres is much larger than . 

Answer:   

42_Current/e_42_1_015.html

Current

Capacitors , , and resistor  are connected in series in a closed circuit without any other elements.  is initially charged to

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

Answer: 

 

42_Current/e_42_1_016.html

Current

Current density is given as  (cylindrical coordinates). 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 radius 
as a function of time if the initial charge was . 
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Answer:
 

42_Current/e_42_1_018.html

Current

Electrons (charge , mass ) and protons (charge , mass ) with equal number densities  are accelerated by the
homogeneous constant electric field  from the rest. There is a friction force of the form , . Find
the current density when the velocities do not change any longer. 

Answer:

 

42_Current/e_42_1_019.html

Current

The space between two concentric spheres,  is filled with a conductor with the resistivity . What is the resistance between
the inner and outer surfaces. 

Answer:   

42_Current/e_42_1_020.html

Current

The space between two coaxial cylinders, , is filled with a conductor with the resistivity . What is the resistance between the
inner and outer surfaces. The length of the cylinders is . 

Answer:   

42_Current/e_42_1_021.html

Current

The light element of an electric light bulb can be considered as a cylinder of the radius  and length . When the voltage is  its
power is . What should be the radius  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. Cooling is proportional to the surface area. \ans 

 

42_Current/e_42_1_022.html

Current

In the circuit  V,  mkF. The lamp has a very high (infinite) resistance when the voltage on it is  V, but its
resistance drops to zero when the voltage exceeds 10 V, and remains zero until it drops down to 5 V. We want the lamp operate
during 1 ms each 5s. What should be  and  ? #######PICTURE############### 



107 of 159

42_Current/e_42_1_104.html

���

 

42_Current/e_42_2_106.html

���



108 of 159



109 of 159

 

42_Current/e_42_2_107.html

���



110 of 159

  

42_Current/e_42_3_108.html

���



111 of 159



112 of 159



113 of 159

42_Current/e_42_3_109.html

���



114 of 159



115 of 159



116 of 159

42_Current/e_42_4_007.html
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42_Current/e_42_4_008.html
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45_Magnetic_Field/e_45_1_011.html

Magnetic Field

A homogeneous rod of the length , mass , and magnetic moment  is put in the magnetic field . Find the frequency of small
oscillations near the equilibrium. \begin{comment} 

45_Magnetic_Field/e_45_1_012.html

Magnetic Field

45_Magnetic_Field/e_45_1_013.html

Magnetic Field

In the plane  a current is flowing in  direction so that 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 frame ? 

45_Magnetic_Field/e_45_1_015.html

Magnetic Field

Two magnetic moments  and  are at the positions  and . Find the force between them and the potential energy of the
system. 

45_Magnetic_Field/e_45_1_016.html
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Magnetic Field

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

45_Magnetic_Field/e_45_1_017.html

Magnetic Field

A circle of the radius  with the current  is at the distance  from a magnetic dipole ,  is perpendicular to the plane of the
circle. The dipole is on the axis of the circle. What force is acting on the current ? 

45_Magnetic_Field/e_45_1_018.html

Magnetic Field

Prove field transformation rules (see Lecture 8) using the force and velocity transformations. 

45_Magnetic_Field/e_45_1_019.html

Magnetic Field

From an infinite cylinder of the radius  is cut out another infinite cylinder with the radius , so that the distance between the
axes is . The current density through the conductor is homogeneous . Find the magnetic field in the center of the
smaller cylinder. \ans  

45_Magnetic_Field/e_45_1_020.html

Magnetic Field

In the magnetic gun a conducting rod is placed on a two rails connected to a voltage source, so that a current can flow in the rod.
Magnetic field  is applied perpendicular to the rail-rod plane. The rod length is  and the mass is , the rail length is . What
should be the current through the rod in order to accelerate the rod up 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 vector). Find the magnetic field and current density. 

45_Magnetic_Field/e_45_1_023.html

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

45_Magnetic_Field/e_45_1_024.html

Magnetic Field

Two identical parallel circles with current ( and , current in the same direction for both) and common axis are at the distance
 from each other. Find the force between the two. 

45_Magnetic_Field/e_45_1_025.html

Magnetic Field

Find the magnetic field in the point  for the cases in the figure (choose necessary parameters yourself). 

45_Magnetic_Field/e_45_1_026.html

Magnetic Field

Through a cylindrical (radius ) infinite conductor flows 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 charged with the charge  per unit length and rotates around its axis with the constant
angular velocity . Find the magnetic field inside the cylinder. 

Answer:   

45_Magnetic_Field/e_45_1_028.html

Magnetic Field

Two parallel circles with the radius , current  (but opposite direction in both circles) are at a distance  (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 cross-section (side  cm) and the diameter  cm. There is one layer of winding
with  turns, and current  A. The yoke (core) is made of iron with . Find the magnetic flux through the
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cross-section. 

45_Magnetic_Field/e_45_1_030.html

Magnetic Field

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

45_Magnetic_Field/e_45_1_031.html

Magnetic Field

A hollow charged sphere of the radius  is rotating around its axis with the constant angular velocity . The charge is  and it is
distributed homogeneously on the sphere surface. 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 spring constant . When the current  passes through the coil, its length is . 
What is its length without current ? 

Hint: Consider energy change taking into account external emf (needed to ensure that the current does not change). 

45_Magnetic_Field/e_45_1_033.html

Magnetic Field

Find the force on the rectangular loop. 

45_Magnetic_Field/e_45_1_034.html

Magnetic Field

The magnetic field inside a coil is . The coil length is  and the cross-section is . Find the magnetic moment of the coil and the
magnetic field at large distances. 

45_Magnetic_Field/e_45_1_105.html
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48_Induction/e_48_1_011.html

Induction

Two straight coils of the length  have a common yoke with the magnetic constant (permeability) . The cross-section of both coils
 is the same. Numbers of turns are  and , respectively. Find the inductance coefficients , , , and . 

48_Induction/e_48_1_012.html

Induction

A small conducting circle of the radius  is in the center of the coil with the same axis. The radius of the coil , and the
length . The coil has  turns. Find the mutual inductance . 

48_Induction/e_48_1_013.html

Induction

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

48_Induction/e_48_1_014.html

Induction

A coil with the cross-section , inductance , and negligible resistance, is in the constant magnetic field . Initially its plane is
parallel to the magnetic field and the current in the coil is zero. The coil is rotated. Find the current in the coil in the moment when its
plane is perpendicular to the magnetic field. 
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48_Induction/e_48_1_015.html

Induction

A long cylinder with the magnetic constant  is inserted to the length  into a coil of the length  with  turns. The current in
coil is . What force acts on the cylinder ? 

Hint: Calculate the change in energy less the work of the additional emf. 

48_Induction/e_48_1_016.html

Induction

A one layer winding coil winded on a magnetic core is divided into two sections, with the inductance  and . Find the
inductance of the whole coil. How many turns are in the second section, if given  ? 

48_Induction/e_48_1_017.html

Induction

Two small circles with the identical area  are at large distance  from each other. The angles between the normals ,  and the
vector  are  and , respectively. Find the mutual inductance . 

48_Induction/e_48_1_018.html

Induction

A rectangular wire frame with the length  (in  direction) and width  (  direction) is falling because of the gravity force
 in the magnetic field which is directed along  and is inhomogeneous . Find the velocity of the frame

as a function of time if it starts falling at  and the resistance is . 

48_Induction/e_48_1_019.html

Induction

Inside a long metal cylinder the the magnetic field is homogeneous and directed along the axis. The magnetic flux is growing so that
. The magnetic field outside of 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 length and almost identical radii, so that one of them can be just put over the other.
Each has inductance . There are various ways of connection: 

In series and sufficiently far from each other. 1.
In parallel and sufficiently far from each other. 2.
In series, one over the other and windings are in the same direction. 3.
In parallel, one over the other and windings are in the same direction. 4.
In series, one over the other and windings are in opposite directions. 5.
In parallel, one over the other and windings are in opposite directions. 6.

Find the effective inductance for each case. 
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48_Induction/e_48_1_021.html

Induction

See previous problem and add an infinite straight wire along the axis of the coil. Find the mutual inductance. 

48_Induction/e_48_1_022.html

Induction

A cable consists of two coaxial cylindrical surfaces, with the radii  and length . Current flows in one direction on one of
the cylindrical surfaces and returns on the other. Find the inductance. 

48_Induction/e_48_1_023.html

Induction

A small magnet is in the center of a circular coil with the radius  and number of turns . The coil is connected to the
galvanometer. The axis of the magnet is perpendicular to the plane of the coil. When the magnet is taken away the total charge
passing through the galvanometer is . The resistance of the coil is . What is the magnetic moment of the magnet ? 

48_Induction/e_48_1_024.html

Induction

Current  flows in a circle with the radius . Another circle, with the radius , moves along the common axis with the
constant velocity  so that the circles are always parallel to each other. At what distance the emf in the second circle is maximum ? 

48_Induction/e_48_1_025.html

Induction

Two coils have the same core. The inductance are  and . Find . 

48_Induction/e_48_1_027.html

Induction

A coil of the length  has  turns. A cylindrical core of the length  with the magnetic constant  is inserted to the coil. Find the
inductance. 

Hint: inductance in series. 

48_Induction/e_48_1_028.html

Induction

Find the inductance of a toroidal coil with the inner radius , outer radius , and a rectangular cross-section of the height . Number
of turns . 

48_Induction/e_48_1_108.html
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