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Vectors 

Show that  where  is a constant vector. Evaluate  . 
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Vectors 

Prove 

1.    

2.   

where  is the unit vector in the radial direction and is the projection of the vector  onto the plane 
perpendicular to the unit vector .  
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Scale factors 

Find the scale factors for 

1. cylindrical coordinates  
2. spherical coordinates  
3. parabolic coordinates ( ) 
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Vector analysis 

Given a constant vector  calculate 

1.   

2.  
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Integrals 

Calculate 

1.   

2.  
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Vector analysis  

Calculate .  
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Vector analysis  

Calculate .  
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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.  
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Vector analysis  

Calculate  in spherical coordinates.  
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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 .  
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Vector analysis  

Calculate  where  is a constant vector.  
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Vectors 

for the two vectors: A=(-4a,2,0); B=(2,3a,0), answer the following questions: 
1. For what value of "a" the vectors are perpendicular? 
2. Is there an "a" for which the vectors are parallel? 
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Coulomb Law 

In the figure, what are the horizontal and vertical components of the electrostatic force on the charge in the 



lower left corner of the square if  and ? 
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Coulomb Law 

The figure shows a long nonconducting, massless rod of length , pivoted at its center and balanced with a 
weight  at a distance  from the left end. At the left and right ends of the rod are attached small conducting 
spheres with positive charges  and , respectively. A distance  directly beneath each of these spheres is a 
fixed sphere with positive charge . (a) Find the distance  when the rod is horizontal and balanced. (b) What 
value should  have so that the rod exerts no vertical force on the 
bearing when the rod is horizontal and balanced? 
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Coulomb Law 

In the figure, a point charge, , is placed at a distance  from a thin rod of length . 
The rod is carrying a total charge of , which is spreaded uniformly. Find the force acting on . 
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q = 1 \times 10^-7 C

q = 1 \times 10^-7 C



Coulomb Law 

Find the force on a positive point charge q located a distance x from the end of a rod of length L with uniformly 
uniformly distributed positive charge Q. (See Fig. 25-21) 
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Coulomb Law 

The electrostatic force between two identical ions that are separated by a distance of 5.0 x 10-10 m is 3.7 x 10-9 
N.  
(a) Find the charge on each ion. (b) How many electrons are missing from each ion?  
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Coulomb Law 

Assume that each ball in question 4 (Fig. 25-22) is losing charge at the rate of 1.2 nC/s.  
At what instantaneous relative speed (= dx/dt) do the balls approach each other initially? 
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Coulomb Law 

In the compound CsCI (cesium chloride), the Cs atoms are situated at the corners of'a cube with a Cl atom at 
the cube's center. The edge length of the cube is 0040 nm; see Fig. 25-23. The Cs atoms are each deficient in 
one electron and the Cl atom carries one excess electron. (a) What is the strength of the net electric force on the 
Cl atom resulting from the eight Cs atoms shown? (b) Suppose that the Cs atom marked with an arrow is 
missing (crystal defect). What now is the net electric force on the Cl atom resulting from the seven remaining 
Cs atoms? 
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Coulomb law 

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

Four charges are places in the corners of a square, the side of the square is 1 meter long. 
Two of the charges are of magnitude Q and are placed on opposite corners, the other two are of magnitude -Q, 
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 radii  has a uniform surface charge distribution  and its center is at (0,0,0) . 
1. What is the total charge  on the disk? (express it with ) 
2. What is the net force that acting on a point charge  that is located at (0,0,z)?  

32_Coulomb/e_32_8_002.html 

�	����
��� 

�������������	��	����������������������
����������������������������������������
������������� �������������
������
 

32_Coulomb/e_32_8_003.html 

�	����
��� 

����������������������	����������	����������
�����������������$����������������������������������������������
��#�������� 

32_Coulomb/e_32_8_004.html 

Coulomb Law 

Two identical conducting small spheres are placed with their centers  apart. One is given a charge of 
, and the other is given a charge of . 

a. Find the electric force exerted on one sphere by the other. 
b. The spheres are connected by a conducting wire. Find the electric force between the two after equilibrium 
has occurred.  

32_Coulomb/e_32_8_005.html 

Coulomb Law 

In the Bohr theory of the hydrogen atom, an electron moves in a circular orbit about a proton, where the radius 
of the orbit is .  
a. Find the electric force between the two. 
b. If this force causes the centripetal acceleration of the electron, what is the speed of the electron? 
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Electric field - semicircle 

A semicircle of the radius R, ,  is charged with the charge Q.  
a) Calculate the electric field at the center if the charge distribution is uniform. 
b) Let the charge density be . Find  and and the electric field at the center. 

33_Electric_Field/e_33_1_002.html 

Electric field 

Calculate directly the flux of the electric field from a point charge  through an infinite plane which is at the 
distance  from the charge. Why the result does not depend on the distance ?   

33_Electric_Field/e_33_1_003.html 

Electric field 

 
A box of height  and infinite length and width is charged so that the charge density depends on the height 
only,  for , and zero otherwise.  
a) Apply Gauss' law and boundary conditions to find the electric field for the above charge density, 
b) Find the electric field if 

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

33_Electric_Field/e_33_1_004.html 

Electric field 

Given an electric field     
 

   (1)        Show that     is conservative. 
   (2)        Suppose we have an electric charge which decays as it is 

                moved, without affecting the electric field:  ,  
                where  is the angle between the line connecting the charge and 
                the origin, and the  axis. What is the work done in moving 
                such a charge n times at radius R around the origin? 
     
    Note that R is a length scale and q0 is a parameter. 
 

33_Electric_Field/e_33_1_005.html 

Electric field 

 
    Prove that given a static configuration of charges, then in an 
    area free of charges, there can be no point at 
    which a test charge will be at stable equilibrium. (Hint: use 
    Gauss' law, and look at the field lines.) 
 

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 .  
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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 ?  
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  



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

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

An infinite layer of width 2l (l<z<-l ) is charged non-uniformly, such that the charge density depends on the 
height of the layer only: 

 

1. Explain how to calculate in general the electric field inside the layer for any charge density   using 

the Gauss' law.   
2. The charge density inside the layer is  .  Caculate the electric field.  

3. What is the charge per unit area  of the box, for the above charge density? Write the electric field 
outside the box in terms of . 
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Electric field 

Find the electric field of a spherical shell with radius R and total charge . 

33_Electric_Field/e_33_2_144.html 

Electric field 

Find the electrical field of a sphere with radius R and an charge density . 

33_Electric_Field/e_33_2_145.html 

Electric field 

Find the electrical field of a hollow cylinder with an inner radius of R1 and an outer radius of R2.  
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Electric field 

An isolated electrical wire is charged uniformly with charge q and bent into a circular shape (radius R) with a 
small hole b << R (where b is the arc length). 
What is the electrical field in the middle of the circle? 
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Electric Field 

A thin glass rod is bent into a semicircle of radius . A charge  is uniformly distributed along the upper 
half and a charge  is uniformly distributed along the lower half, as shown in the figure. Find the electric 
field  at , the center of the semicircle. 
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Electric Field 

A thin nonconducting rod of finite length  has a chrage  spread uniformly along it. Show that the magnitude 
 of the electric field at point  on the perpendicular bisector of the rod is given by 

. 
 

  

33_Electric_Field/e_33_3_003.html 

Electric Field 

In the figure, a uniform, upward pointing electric field  of magnitude has been set up between 
two horizontal plates by charging the lower plate positively and the upper plate negatively. The plates have 
length  and separation . An electron is then shot between the plates from the left 
edge of the lower plate. The initial velocity  of the electron makes an angle  with the lower plate 

and has a magnitude of . (a) Will the electron strike one of the plates? (b) if so, which plate and 
how far horizontally from the left edge? 
 

  

33_Electric_Field/e_33_3_004.html 

Electric Field 

At each vertex of a regular hexagon, which is placed in the  plane, there are six identical charges. (a) What 
is the electric field at any point  in the  plane? (b) What is the field on the  axis? (c) As an example of 
asymptotic approximation, what is the field on the  axis far from the origin, accurate through order ? 
(d) If the 6th charge is removed from the group, what is the field at the origin for the remaining 5 charges? 
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Electric Field 

What is the electric field  due to a uniformly charged spherical shell of radius  with total charge ? 
The shell thickness is negligible, and the surface charge density is uniform.  

33_Electric_Field/e_33_3_006.html 

Electric Field 

A point charge  is a distance  directly above the center of a square of side . What is the magnitude of 
the electric flux through the square?  

33_Electric_Field/e_33_3_007.html 

Electric Field 

In the figure, a small, nonconducting ball of mass  and uniformly distributed charge 

 hangs from an insulating thread that makes an angle  with a vertical, uniformly 
charged nonconducting sheet. Considering the ball's weight and assuming that the sheet extends far in all 
directions, calculate the surface charge density  of the sheet. 
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Electric Field 

 very long conducting cylindrical rod of length  and radius  with a total charge  is surrounded by a 
conducting cylindrical shell, of length  and radius , with total charge , as shown in the figure. Use 
Gauss' law to find (a) the electric field at points outside the conducting shell, (b) the distribution of charge on 
the conducting shell, and (c) the electric field in the region between the shell and rod. 
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Electric Field 
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Electric Field 
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Electric Field 
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Electric Field 

The figure shows a point charge  at the center of a spherical cavity of radius  in a piece of metal. Use Gauss' 
law to find the electric field (a) at point , halfway from the center to the surface of the cavity, and (b) at 
point . 
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Coulomb Law 

An insulating rod of length L has charge - q uniformly distributed along its length, as shown in Fig. 26-29. (a) 
What is the linear charge density of the rod? (b) Find the electric field at point P a distance a (as shown) from 
the end of the rod. (c) If P were very far from the rod compared to L, the rod should look like a point charge. 
Show that your answer to (b) reduces to the electric field of a point charge for 
 a >> L. 
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Coulomb Law 

An electron moving with a speed of 4.86 x 106 m/s is shot parallel to a uniform electric field of strength 1030 
N/C arranged so as to retard its motion. (a) How far will the electron travel in the field before coming 
(momentarily) to rest and (b) how much time will elapse? (c) If the electric field ends abruptly after 7.88 mm, 
what fraction of its initial kinetic energy will the electron lose in traversing (going through) it  

33_Electric_Field/e_33_3_015.html 

Coulomb Law 

An electric dipole, consisting of charges of magnitude 1.48 nC (1 n =  10-9) separated by 6.23 mm (1 m = 10-
6), is in an electric field of strength 1100 N/C. (a) What is the magnitude of the electric dipole moment? (b) 
What is the difference in potential energy corresponding to dipole orientations parallel and antiparallel to the 
field?  

33_Electric_Field/e_33_3_018.html 

Coulomb Law 

Show that the components of E due to a dipole are given at distant points, by 
Ex = (3pxz)/[4�� O(x2 + z2)5/2],    Ez = p(2z2 - x2)/[4�� O(x2 + z2)5/2],   

where x and z are coordinates of point P in Fig. 26-37 below. Show that this general result includes the special 
results that we derived in lecture. 
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Coulomb Law 

A semi-infinite insulating rod (Fig. 26-39 below) carries a constant charge per unit length of l. Show that the 
electric field at the point P makes an angle of 45° with the rod and that this result is independent of the distance 
R. 
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Coulomb Law 

A point charge q is placed at one corner of a cube of edge a. What is the flux through each of the cube faces? 
(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 4.52 x 104 N/C at a distance of 1.96 m. Calculate the linear charge 
density.  

33_Electric_Field/e_33_3_024.html 

Coulomb Law 

A large, flat, nonconducting surface carries a uniform charge density s. A small circular hole of radius R has 
been cut in the middle of the sheet, as shown in Fig. 27-35. Ignore fringing of the field lines around all edges 
and calculate the electric field a point P, a distance z from the center of the hole along its axis. 
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Coulomb Law 

A cube with 1.4-m edges is oriented as shown in Fig. 27-24 in a region of uniform electric field. Find the 
electric flux through the right face if the electric field is given by (a) (6 N/C)i (b) (-2 N/C)j and (c) (-3 N/C)i + 
(4 N/C) k. (d) Calculate the total flux through the cube for each of these fields. 
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Electric Field 

A uniformly charged ring of radius  has a total charge of  . Find the electric field on the axis of the 
ring at (a)  (b)  (c)  and (d)  from the center of the ring. 

33_Electric_Field/e_33_8_004.html 

Electric Field 

A uniformly charged disk of radius  carries a charge density of . Calculate the electric 
field on the axis of the disk at (a)  (b)  (c)  and (d)  from the center of the disk. 

36_Electric_Potential/e_36_1_001.html 

Electric potential 

Find the energy of a ball of radius R, charge Q, and charge density   , n>0   (   in the region  0<r<R  

and zero outside it.) 
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Electric potential 

A sphere (hollow inside) of radius R1 is uniformly charged with charge Q, and placed inside a metallic ball with 

a cavity. The metallic ball has inner radius R2 and outer radius R3, and total charge 2Q.  

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

36_Electric_Potential/e_36_1_003.html 

Electric potential 

A ring of radius R is uniformly charged with charge Q. The ring is placed in the x-y plane, such that its center is 
at the origin. 

1. What is the potential along the z - axis?  
2. Estimate the potential a distance  from the z - axis (say, in the y-direction), to leading order in . 

Guidance: first, write down an exact integral expression for the potential. Next, expand the argument in 
the integral as a power series in . Then, evaluate the integral to leading order in .  

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:  
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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.  
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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 

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 .  
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Electric potential 

A sphere with radius R is charged uniformly with a total charge Q. Find the electric potential. 

36_Electric_Potential/e_36_2_162.html 

Electric potential 

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

36_Electric_Potential/e_36_2_163.html 

Electric potential 

a. Find the electric potential of a chrage (q) surronded by a conductive sphere with a inner radius of R1 and an 
outer radius of R2 with no charge on it.  
b. How is the charge distributed on the conductive sphere? 
C. What will happen if the sphere is grounded?  
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Electric potential 

How much energy is needed to create the following configuration? 
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Electric Potential 

 
The positively charged rod in the figure, has a uniform linear charge density of   and lies along the  axis. 
(a) With  at infinity, find the potential due to the rod at point  on the  axis. (b) Use the result of (a) 
to calculate the electric field at .  
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Electric Potential 

The electric field inside a nonconducting sphere of radius R, containing a uniform charge density, is radially 
directed and has magnitude E = (qr)/(4�� oR3), where q is the total charge in the sphere and r is the distance 

form the center of the sphere. (a) Find the potential V inside the sphere, taking V = 0 at r = 0. (b) What is the 
difference in electric potential DV between a point on the surface and the center of the sphere? If q > 0, which 
point is at the higher potential? (c) Show that the potential at a distance r from the center, where r < R, is given 
by V = q(3R2 – r2)/(8�� oR3), where the zero of the potential is taken at r = ¥ (infinity). Why does this result 

differ from that of part (a)? 

36_Electric_Potential/e_36_3_003.html 

Electric Potential 



A spherical drop of water carrying a charge of +32 x 10-12 C has a potential of 512 V at its surface. (a) What is 
the radius of the drop? (b) If two such drops of the same charge and radius combine to form a single spherical 
drop, what is the potential at the surface of the new drop? Set V = 0 at infinity.  

36_Electric_Potential/e_36_3_004.html 

Electric Potential 

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

sheet to a final position located at a perpendicular distance z from the sheet? (b) Use the result from (a) to show 
that the electric potential of an infinite sheet of charge can be written V = Vo – (s/2eo)z, where Vo is the 

potential at the surface of the sheet. 
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Electric Potential 

 A charge per unit length l is distributed uniformly along a thin rod of length L. (a) Determine the potential 
(chosen to be zero at infinity) at point P a distance y from one end of the rod and in line with it (see Fig. 28-45 
below). (b) Use the result of (a) to compute the component of the electric field at P in the y direction (along the 
rod).  (c) Determine the component of the electric field at P in a direction perpendicular to the rod. 
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Electric Potential 

Two identical conducting spheres of radius 15.0 cm are separated by a distance of 10.0 m. What is the charge 
on each sphere if the potential of one is +1500 V and the other is -1500 V? What assumptions have you made? 



Take V = 0 at infinity.  
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Capacitance 

Show that the plates of a parallel-plate capacitor attract each other with a force given by . Do so by 
calculating the work necessary tp increase the plate separation from  to , with the charge  remaining 
constant.  

38_Capacitors/e_38_3_002.html 

Capacitance 

In Fig.  below, find the equivalent capacitance of the combination. Assume that C1 = 10.3 mF, C2 = 4.80 mF, 
and C3 = 3.90 mF. 
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Capacitance 

A slab of copper of thickness b is thrust into a parallel plate capacitor as shown in Fig. 30-27. (a) What is the 
capacitance after the slab is inserted? (b) If a charge q is maintained on the plates, find the ratio of the stored 
energy before to that after the slab is inserted. (c) How much work is done on the slab as it is inserted? Is the 
slab pulled in or do you need to push it in the gap? 
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Capacitance 

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

Figure 30-12 below shows a dielectric slab of thickness b and dielectric constant k placed between the plates of 
a parallel plate capacitor of plate area A and separation d. A potential difference Vo is applied with no 
dielectric present. The battery is then disconnected and the dielectric slab inserted. Assume that A = 100 cm2, d 
= 1.0 cm, b = 0.50 cm, k = 7.0, and Vo = 100 V. (a) Calculate the capacitance Co before the slab is inserted. (b) 
Calculate the free charge q. (c) Calculate the electric field in the gap between the plate and the dielectric slab. 
(d) Calculate the electric field in the dielectric slab. (e) Calculate the potential difference between the plates 
after the dielectric slab is inserted. . (f) If the dielectric slab filled the entire gap between the plates, what would 
be the capacitance? 
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Capacitance 



The two metal objects in Fig. 30-21 below have net charges of +73 pC and -73 pC, and this results in a 19.2-V 
potential difference between them. (a) What is the capacitance of the system? (b) If the charges are changed to 
+210 pC and -210 pC, what does the capacitance become? (c) What does the potential difference become? 
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Capacitance 

Two sheets of aluminum foil have a separation of 1.20 mm, a capacitance of 9.70 pF, and are charged to 13.0 
V. (a) Calculate the plate area. (b) The separation is now decreased by 0.10 mm with the charge held constant. 
Find the new capacitance. (c) By how much does the potential difference change? 

38_Capacitors/e_38_3_008.html 

Capacitance 

A 6.0-� F capacitor is connected in series with a 4.0-� F capacitor; a potential difference of 200 V is applied 
across the pair. (a) Calculate the equivalent capacitance. (b) What is the charge on each capacitor?  (c) What is 
the potential difference across each capacitor? 

38_Capacitors/e_38_3_009.html 

Capacitance 

An air-filled, parallel-plate capacitor has a capacitance of 1.32 pF. The separation of the plates is doubled and 
wax is inserted between them. The new capacitance is 2.57 pF. Find the dielectric constant of the wax. 
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Capacitance 

A parallel-plate capacitor is filled with two dielectrics as in Fig. 30-37. Show that the capacitance is given by C 
= (� oA/2d)(� e1+� e2). Check this formula for all limiting cases of the values of the two dielectric constants � e1 

and � e2. 
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Capacitance 



A parallel plate capacitor is filled with two dielectrics as in Fig. 30-38. Show that the capacitance is given by C 
= (2� oA/d)[(� e1� e2)/(� e1+� e2)]. Check this formula for all limiting cases of the values of the two dielectric 

constants � e1 and � e2. 
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Conductors 

A cylindrical capacitor of inner radius R1 and outer radius R2 and length L>>R2 (may be treated as infinite) 
contains dielectric material such that the dielectric constant is given by: 

 

1. Find the capacitance of the system by caclulating the ratio of the charge to the potential difference.  
2. The charge on each cylinder is . What is the energy of the system? 
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Conductors 

 
    A square capacitor is composed of two parallel plates of area 
    L x L, a distance d from one another. The capacitor is placed in 
    a dielectric fluid with dielectric constant �and mass 
    density , such that the fluid is perpendicular to the 
    capacitor plates. If the plates of the capacitor are held at 
    constant potential V, how high will the dielectric fluid rise in 



    the capacitor? 
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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 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:  .  
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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: 
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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:  .  
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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:    
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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.  
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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.  
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Conductors  

Find the capacity coefficients  for two concentric spheres .  
Answer: 
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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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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:   
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Conductors 

a) The current density across a cylindrical conductor of radius R varies according to the equation  j = jo(1 - r/R) 
where r is the distance from the axis. Thus the current density is a maximum jo at the axis r = 0 and decreases 
linearly to zero at the surface r = R. Calculate the current in terms of jo and the conductor's cross-sectional area 
A = pR2. (b) Suppose that instead the current density is a maximum jo at the surface and decreases linearly to 
zero at the axis (center) so that j = jo r/R. Calculate the current again. Why is this result different from that in 
(a)? 
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Conductors 

When a potential difference of 115 V is applied between the ends of a 9.66-m-long wire, the current density is J 
= 1.42 A/cm2. Calculate the conductivity of the wire material. 

39_Conductors/e_39_3_003.html 

Conductors 

A resistor is in the shape of a truncated right circular cone, as shown in Fig. 29-22 below. The end radii are a 
and b, and the length is L. If the taper (slope) is small, we may assume that the current density is uniform across 
any cross-section. (a) Calculate the resistance of this object. (b) Show that your answer reduces to rL/A for the 
special case of zero taper (a = b). 
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Conductors 



When a potential difference of 115 V is applied between the ends of a 9.66-m-long wire, the current density is J 
= 1.42 A/cm2. Calculate the conductivity of the wire material. 

For a hypothetical electronic device, the potential difference � V, measured across the device, is related to the 
current i by � V = (3.55 x 106 V/A2)i2. (a) Find the resistance when the current is 2.40 mA. (b) At what value of 
the current is the resistance equal to 16.0 � ? 
Calculate the mean free time �  between collisions for conduction electrons in aluminum at 20 C using tables 
from the lecture. Each atom of aluminum contributes three conduction electrons. The density of aluminum is 
2.7 g/cm3 and it has a molar mass of 27 g/mol. 
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Conductors 

A common flashlight bulb is rated at 310 mA and 2.90 V, the respective values of the current and voltage under 
operating conditions. If the resistance of the bulb filament when cold (To = 20�C) is 1.12 � , calculate the 

temperature of the filament when the bulb is on. The filament is made of tungsten. 
A block in the shape of a rectangular solid has a cross-sectional area of 3.50 cm2, a length of 15.8 cm, and a 
resistance of 935 � . The material of the block has 5.33 x 1022 conduction electrons per m3. A potential 
difference of 35.8 V is maintained between its ends. (a) Find the current in the block. (b) Assuming that the 
current density is uniform, what is its value? Calculate (c) the drift velocity of the conduction electrons and (d) 
the electric field in the block 
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Gauss Law 

A long hollow cylindrical conductor (inner radius a, outer radius b) is surrounded by a long 
coaxial cylindrical conducting shell (inner radius c, outer radius d). The inner conductor carries a positive 
charge 2q, and the outer conductor carries a charge -3q. 
Find the charge that resides on each surface of the conductors.  
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Current  

A metal sphere of the radius r and initial charge  is grounded with a resistor R.  
Find the charge on the sphere as a function of time.  
Answer:  ,   
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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.)  
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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:    
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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:   
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Current  

Current density is given by  (spherical coordinates).  

Find the charge inside the sphere with the radius R as a function of time if the initial charge was .  

Answer: 
  

42_Current/e_42_1_018.html 

Current  

Electrons (charge -e, mass m) and protons (charge e, mass M) with equal number densities n are accelerated by 
the homogeneous constant electric field E from the rest. There is a friction force of the form , 

, where  are friction coefficients. 

Find the current density when the velocities do not change any longer.  
Answer: 
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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:   
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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:    
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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  
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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###############  
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Circuits 

In Fig. 31-25 below, the potential at point P is 100 V. What is the potential at point Q? 
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Circuits 

In Fig. 31-27 below, what value must R have if the current in the circuit is to be 50 mA? Take e1 = 2.0 V, e2 = 

3.0 V, and r1 = r2 = 3.0 W. (b) What is the rate at which internal energy appears in the resistor R? 
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Circuits 

What current in terms of �  and R, does the ammeter A in Fig. 31-29 read? Assume that A has zero resistance. 
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Circuits 

Calculate the current through each source of emf in Fig. 31-31. (b) Calculate Vb-Va. Assume that R1 = 1.20 � , 

R2 = 2.30 � , � 1 = 2.00 V, � 2 = 3.80 V, and � 3 = 5.00 V 
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Circuits 

A circuit containing five resistors connected to a 12-V battery is shown in Fig. 31-33. Find the potential 
difference across the 5.0-�  resistor. 
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Circuits 

In Fig. 31-34, find the equivalent resistance of the network shown. (b) Calculate the current in each resistor. Put 
R1 = 112 � , R2 = 42.0 � , R3 = 61.6 � , R4 = 75.0 � , and  �  = 6.22 V 
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Circuits 

In an RC series circuit of Fig. 31-20 below �  = 11.0 V, R = 1.42 M� , and C = 1.80 � F. (a) Calculate the time 
constant. (b) Find the maximum charge that will appear on the capacitor during the charging. (c) How long 
does it take for the charge to build up to 15.5 � C? 
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Circuits 

A space heater, operating from a 120-V line in the U.S., has a hot resistance of 14.0 � . (a) At what rate is 
electrical energy transferred into internal energy? (b) At 5.22 cents/kW-h, what does it cost to operate the 
device for 6 hours and 25 minutes? 
A 100-Watt light bulb is plugged into a standard 120-V outlet. (a) How much does it cost per month (31 days) 
to leave the light turned on? Assume that electric energy cost 6 cents/kW-h. (b) What is the resistance of the 
bulb? (c) What is the current in the bulb? (d) Is the resistance different when the bulb is turned off? 
A 15.2-k�  resistor and a capacitor are connected in series and a 13.0-V potential is suddenly applied. The 
potential across the capacitor rises to 5.00 V in 1.28 � s. (a) Calculate the time constant. (b) Find the capacitance 
of the capacitor. 
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Circuits 

An RC circuit of Fig. 31-20 above is discharged by closing a switch at time t = 0. The initial potential 
difference across the capacitor is 100 V. (a) If the potential difference has decreased to 1.06 V after 10.0 s, 
calculate the time constant of the circuit. (b) What will be the potential difference at t = 17 s? 
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45_Magnetic_Field/e_45_1_011.html 

Magnetic Field  

A homogeneous rod of the length l, mass M, and magnetic moment m is put in the magnetic field B.  
Find the frequency of small oscillations near the equilibrium.  

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 

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  

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 R, current I (but opposite direction in both circles) are at a distance d (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 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 R is rotating around its axis with the constant angular velocity . The 
charge is q 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.  
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Hall effect 

In a Hall effect experiment, a current of 3.2 A lengthwise in a conductor 1.2 cm wide, 4 cm long and 9.5  
thick produces a transverse Hall voltage (accross the width) of 40  when a magnetic field of 1.5 T is passed 
perpendicularly through the thin conductor.  

1. Describe the Hall effect.  
2. Find the general formula for the drift velocity of the charge carriers  
3. Substitute the the data above, calculate the drift velocity and the number density of the charge carriers.  
4. From your results try to identify the material of the conductor (find some tables over the internet...) 
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Magnetic Field 

A physicist is designing a cyclotron to accelerate protons (mp = 1.67 x 10-27 kg) to 0.100c (i.e. 10% of the 
speed of light which is still considered non-relativistic here). The magnet used will produce a field of 1.40 T. 
Calculate (a) the radius of the cyclotron and (b) the corresponding oscillator frequency.  
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Magnetic Field 

A metal strip 6.5 cm long, 0.88 cm wide, and 0.76 mm thick moves with a constant speed v through a magnetic 
field B = 1.2 mT perpendicular to the strip, as shown in Fig. 32-34 below. A potential difference of 3.9 mV is 
measured between points x and y across the strip. Calculate the speed v. 
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Magnetic Field 

A metal wire of mass m slides without friction on two horizontal rails spaced a distance d apart, as shown in 
Fig. 32-36 below. The track lies in a vertical uniform magnetic field B. A constant current i flows from the 
generator G along one rail, across the wire, and back down the other rail. Find the velocity (speed and 
direction) of the wire as a function of time, assuming it to be at rest at t=0. 
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Magnetic Field 

a. Figure 32-40 below shows an arrangement used to measure the masses of ions. An ion of mass m and charge 
+q is produced essentially at rest in source S, a chamber in which a gas discharge is taking place. The ion is 
accelerated by a potential difference DV and allowed to enter a magnetic field B. In the field it moves in a 
semi-circle (as shown in the figure), striking a photographic plate at distance x from the entry slit. Show that the 
ion mass m is given by m = (B2qx2)/(8DV).  
 
b. Two types of singly ionized atoms having the same charge q and mass differing by a small amount Dm are 
introduced into the mass spectrometer described in the previous problem and shown in Fig. 32-40 above. (a) 
Calculate the difference in mass in terms of DV, q, m (of either), B, and the distance Dx between the spots on 
the photographic plate. (b) Calculate Dx for a beam of singly ionized chlorine atoms of masses 35.0 u and 37.0 
u if  DV = 7.33 kV and B = 520 mT. (An atomic mass unit is given by u = 1.66 x 10-27 kg.) 
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Magnetic Field 

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

Figure 32-45 below shows a wooden cylinder with a mass m = 262 g and a length L = 12.7 cm, with N = 13 
turns (loops) of wire wrapped around it longitudinally, so that the plane of the wire loop contains the axis of the 
cylinder. What is the minimum current that must flow through the loop so that the cylinder will be prevented 
from rolling down a plane inclined at an angle q  to the horizontal, in the presence of a vertical, uniform 
magnetic field B = 477 mT, if the plane of the windings (wire loops) is parallel to the inclined plane of the ramp 
(as illustrated below)? 

 



45_Magnetic_Field/e_45_3_008.html 

Magnetic Field 

A wire carrying current i has the configuration shown in Fig. 33-41 below. Two semi-infinite straight sections, 
each tangent to the same circle, are connected by a circular arc, of angle q, along the circumference of the 
circle, with all sections lying in the same plane. What must q be in order for B to be zero at the center of the 
circle? 
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Magnetic Field 

Figure 33-53 below shows a cross-section of a long conductor of a type called a coaxial cable of radii a, b, and 
c. Equal but anti-parallel, uniformly distributed currents i exist in the two conductors. Derive expressions for B
(r) in the ranges (a) r < c, (b) c < r < b, (c) b < r < a, and (d) r > a. (e) Test these expressions for all the special 
cases that occur to you. (f) Assume that a = 2.0 cm, b = 1.8 cm, c = 0.40 cm, and i = 120 A and plot B(r) over 
the range 0 < r < 3 cm. 
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Magnetic Field 

Figure 33-54 below shows a cross-section of a hollow, cylindrical conductor of radii a and b, carrying a 
uniformly distributed current i.  
(a) Using the circular Amperian loop shown, verify that B(r) for the range b < r < a is given by B(r) = m0 i(r2 – 

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

Figure 33-57 below shows an arrangement known as a Helmholtz coil. It consists of two circular coaxial coils 
each possessing N turns and radius R, separated by a distance R. The coils carry equal currents i in the same 
direction. Find the magnetic field at the point P, midway between the coils. 
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Magnetic Field 

A thin plastic disk of radius R has a charge q uniformly distributed over its surface. If the disk rotates at an 
angular frequency w about its axis, show that the magnetic field at the center of the disk is  
B = (m0w q)/(2p R). (Hint: The rotating disk is equivalent to an array of current loops.)  
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Magnetic Field 

A 1.22-keV electron is circulating in a plane at right angles to a uniform magnetic field. The orbit radius is 24.7 
cm. Calculate (a) the speed of the electron, (b) the magnetic field, (c) the frequency of revolution, and (d) the 
period of motion. 
A cosmic ray proton (mp = 1.67 x 10-27 kg) strikes the Earth near the equator with a vertical velocity of 2.8 x 

107 m/s. Assume that the horizontal component of the Earth's magnetic field at the equator is 30 � T. Calculate 
the ratio of the magnetic force on the proton to the gravitational force on it. 
A proton traveling at 23.0� with respect to a magnetic field of strength 2.63 mT experiences a magnetic force of 
6.48 x 10-17 N. Calculate (a) the speed and (b) the kinetic energy in eV of the proton. (mp = 1.67 x 10-27 kg) 

An electric field of 1.5 kV/m and a magnetic field of 0.44 T act on a moving electron to produce no force. (a) 
Calculate the minimum electron speed v. (b) Draw the vectors E, B, and v, indicating their relative orientations. 
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Magnetic Field 

Four particles follow the paths shown in Fig. 32-33 below as they pass through the magnetic field there. What 
can one conclude about the charge of each particle? 
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Magnetic Field 

A long solenoid has 100 turns per centimeter. An electron moves within the solenoid in a circle of radius 2.30 
cm perpendicular to the axis of the solenoid. The speed of the electron is 0.0460c (where c = 3 x 108 m/s, i.e. 
the speed of light.) Find the current in the solenoid. 
A thin plastic disk of radius R has a charge q uniformly distributed over its surface. If the disk rotates at an 
angular frequency 	  about its axis, show that the magnetic field at the center of the disk is B = (� 0	  q)/(2�  R). 

(Hint: The rotating disk is equivalent to an array of current loops.) 
A square loop of wire of edge a carries a current i.  
(a) Show that B for a point on the axis of the loop and a distance z from its center is given by B(z) = 4� 0 ia2/[�

(4z2 + a2)(4z2 + 2a2)1/2].  
(b) To what does this reduce at the center of the loop? 
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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.  

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:  

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

Find the effective inductance for each case.  

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 .  
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Faraday's law 

Apply Faraday's law to show that a static electric field between the plates of a parallel-plates capacitor cannot 
drop apruptly to zero at the edges of the capacitor.  
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Mutual inductance 

Two loops of radius a are at a distance b from one another, such that the planes of the loops are parallel, and 
perpendicular to the axis connecting them. 

1. Assuming , what is the mutual inductance of the system?  
2. In one loop there is a constant current I and the other loop rotates at the angular velocity  along its 

diameter. What is the induced EMF in the rotating loop?  

48_Induction/e_48_1_035.html 

Mutual inductance 

Inside an infinite solenoid with n windings per unit length, there is a closed planar loop of area S which is 
placed at an angle  to the axis of symmetry of the solenoid.  
What is the mutual inductance of the system? 
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Motion of inductive wire 

A rectangle of perfectly conducting wire having sides a and b (b>a), mass M and self-inductance L, moves with 
initial velocity v0 in its plane, directed along its longest side, from a region of zero magnetic field into a region 

with a field B0 which is uniform and perpendicular to the plane of the rectangular. Describe the motion of the 

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

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

48_Induction/e_48_3_002.html 

Inductance 

 
What is the self-inductance of a closely wound toroidal coil with rectangular cross section?  
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Induction 

The magnetic field through a one-turn loop of wire 16 cm in radius and 8.5 W in resistance changes with time 
as shown in Fig. 34-42 below. Calculate the emf in the loop as a function of time. Consider the time intervals 
(a) t = 0 to t = 2 s; (b) t = 2 s to t = 4 s; (c) t = 4 s to t = 8 s. The uniform magnetic field is perpendicular to the 
plane of the loop. 
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Induction 

A square wire loop with 2.3-m sides is perpendicular to a uniform magnetic field, with half the area of the loop 
in the field, as shown in Fig. 34-44 below. The loop contains a 2.0-V battery with negligible internal resistance. 
If the magnitude of the field varies with time according to B = (0.042 T) – (0.87 T/s)t, what is the total emf in 
the circuit? 
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Induction 

Figure 34-48 below shows a rod of length L caused to move at constant speed v along horizontal conducting 
rails. In this case the magnetic field in which the rod moves is not uniform but is provided by a current i in a 
long, parallel wire. Assume that v = 4.86 m/s, a = 10.2 mm, L = 9.83 cm, and i = 110 A. (a) Find the induced 
emf in the rod. (b) Calculate the current in the conducting loop. Assume that the resistance of the rod is 415 
mW and that the resistance of the rails is negligibly small. (c) At what rate does the internal energy of the rod 
increase? (d) Find the force that must be applied by an external agent to the rod to maintain its motion. (e) At 
what rate does this force do work on the rod? Compare this answer with the answer to (c). Compare this 
question with number 16 above. 
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Induction 

Two straight, conducting rails form an angle q where their ends are joined. A conducting bar is in contact with 
the rails and forms an isosceles triangle (i.e., a triangle with two of its sides being equal in length) to the left of 
the bar, as shown in Fig. 34-50 below. The bar starts at the vertex at time t = 0 and moves with constant 
velocity v to the right, as shown in Fig. 34-50. A magnetic field B points out of the page. (a) Find the emf 
induced as a function of time. (b) If q = 110°, B = 352 mT, and v = 5.21 m/s, when is the induced emf equal to 
56.8 V? 

  

48_Induction/e_48_3_007.html 

Induction 

A stiff wire bent into a semi-circle of radius a is rotated with a frequency f in a uniform magnetic field, as 



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

A rod with length L, mass m, and resistance R slides without friction down parallel conducting rails of 
negligible resistance, as shown in Fig. 34-59 below. The rails are connected together at the bottom as shown, 
forming a conducting loop with the rod as the top segment. The plane of the rails makes an angle q with the 
horizontal, and a uniform vertical magnetic field B exists throughout the region. (a) Show that the rod acquires 
a steady state terminal velocity whose magnitude is v = (mgRsinq)/(B2L2cos2q). (b) Show that the rate at 
which the internal energy of the rod is increasing is equal to the rate at which the rod is losing gravitational 
potential energy. (c) Discuss the situation if B were directed down instead of up. 
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Induction 

A uniform magnetic field B fills a cylindrical volume of radius R. A metal rod of length L is placed as shown in 
Fig. 34-63 below. If B is changing at the rate dB/dt, show that the emf that is produced by the changing 
magnetic field and which acts between the ends of the rod is given by e = (dB/dt)(L/2)(R2-L2/4)1/2. 
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Induction 

In Fig. 34-41 below, the magnetic flux through the loop shown increases according to the relation 
 B = (6 

mWb/s2)t2 + (7 mWb/s)t. (a) What is the absolute value of the emf induced in the loop when t = 2.0 s? (b) What 
is the direction of the current through the resistor? 
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Induction 

For the situation shown in Fig. 34-45 below, a = 12 cm, b = 16 cm. The current in the long, straight wire is 
given by i = (4.5 A/s2)t2  (10 A/s)t. Find the emf in the square loop at t = 3 
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Induction 

Figure 34-48 below shows a rod of length L caused to move at constant speed v along horizontal conducting 
rails. In this case the magnetic field in which the rod moves is not uniform but is provided by a current i in a 
long, parallel wire. Assume that v = 4.86 m/s, a = 10.2 mm, L = 9.83 cm, and i = 110 A. (a) Find the induced 
emf in the rod. (b) Calculate the current in the conducting loop. Assume that the resistance of the rod is 415 m�  
and that the resistance of the rails is negligibly small. (c) At what rate does the internal energy of the rod 
increase? (d) Find the force that must be applied by an external agent to the rod to maintain its motion. (e) At 
what rate does this force do work on the rod? Compare this answer with the answer to (c). Compare this 
question with number 16 above. 
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Induction 

Figure 34-53 below shows a uniform magnetic field B confined to a cylindrical volume of raidus R. B is 
decreasing in magnitude at a constant rate of 10.7 mT/s. What is the instantaneous acceleration (direction and 
magnitude) experienced by an electron placed at a, at b, and at c? Assume that r = 4.82 cm. (The necessary 
fringing of the field beyond R will not change your answer as long as there is axial symmetry about the 
perpendicular axis through b.) 
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Induction 

A wire is bent into three circular segments of radius r = 10.4 cm, as shown in Fig. 34-55 below. Each segment 
is a quadrant of a circle, ab lying in the xy plane, bc lying in the yz plane, and ca lying in the zx plane. (a) If a 
uniform magnetic field B points in the positive x direction, find the emf developed in the wire when B increases 
at the rate of 3.32 mT/s. (b) What is the direction of the current in the segment bc? 
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Induction 

In Fig. 34-56 below, the square has sides of length 2.0 cm. A magnetic field points out of the page; its 
magnitude is given by B = (4 T/ms2)t2y. Determine the emf around the square at t = 2.5 s and give its direction. 
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Induction 

Figure 34-58 below shows a "homopolar generator," a device with a solid conducting disk as a rotor. This 
machine can produce a greater emf than one using wire loop rotors since it can spin at a much higher angular 
speed before centrifugal forces disrupt the rotor. (a) Show that the emf produced is given by �  = � fBR2, where f 
is the spin frequency, R is the rotor radius, and B is the uniform magnetic field perpendicular to the rotor. (b) 
Find the torque that must be provided by the motor spinning the rotor when the output current is i 
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RLC Circuits 

A circular coil has a 10.3 cm radius and consists of 34 closely wound turns of wire. An externally produced 
magnetic field of 2.62 mT is perpendicular to the coil. (a) If no current is in the coil, what is the number of flux 
linkages, N
 B, for the solenoid. (b) When the current in the coil is 3.77 A in a certain direction, the net flux 

through the coil is found to vanish. Find the inductance of the coil. 
The inductance of a closely wound N-turn coil is such that an emf of 3.0 mV is induced when the current 
changes at the rate of 5.0 A/s. A steady state current of 8.0 A produces a magnetic flux of 40 � Wb through each 
turn. (a) Calculate the inductance of the coil. (b) How many turns does the coil have? 
A toroid having a 5.20 cm square cross-section and an inside radius of 15.3 cm has 536 turns of wire and 
carries a current of 810 mA. Calculate the magnetic flux through a cross-section. 
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RLC Circuits 

The current i through a 4.6 H inductor varies with time t as shown on the graph of Fig. 36-18 below. Calculate 
the induced emf during the time intervals (a) t = 0 to t =2 ms, (b) t = 2 ms to t = 5 ms, and (c) t = 5 ms to t = 6 
ms. (Ignore the behavior at the ends of each interval. 



 

51_AC/e_51_3_003.html 

RLC Circuits 

Consider the LR circuit of Fig. 36-4 below. (a) In terms of the battery emf e, what is the induced emf eL when 

the switch has just been closed on a? (b) What is eL after two time constants? (c) After how many time 

constants will eL bee just one-half of the battery emf e? 
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RLC Circuits 

In Fig. 36-19 below, �  = 100 V, R1 = 10 � , R2 = 20 � , R3 = 30 � , and L = 2.0 H. Find the values of i1 and i2 

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

In the circuit shown in Fig. 36-20 below, e = 10 V, R1 = 5 W, R2 = 10 W, and L = 5.0 H. For the two separate 

conditions (I) switch S just closed and (II) switch S closed for a long time, calculate (a) the current i1 through 

R1, (b) the current i2 through R2, (c) the current i through the switch, (d) the potential difference across R2, (e) 

the potential difference across L, and (f) di2/dt. 
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RLC Circuits 

A solenoid 85.3 cm long has a cross-sectional area of 17.2 cm2. There are 950 turns of wire carrying a current 
of 6.57 A. (a) Calculate the magnetic field energy density inside the solenoid. (b) Find the total energy stored in 
the magnetic field inside the solenoid. (Neglect effects near the ends of the solenoid.) 
A coil is connected in series with a 10.4 kW resistor. When a 55.0 V battery is applied to the two elements, the 
current reaches a value of 1.96 mA after 5.20 ms. (a) Find the inductance of the coil. (b) How much energy is 
stored in the coil at this same moment? 
An oscillating LC circuit consisting of a 1.13 nF capacitor and a 3.17 mH coil has a peak potential drop of 2.87 
V. Find (a) the maximum charge on the capacitor, (b) the peak current in the circuit, and (c) the maximum 
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 switch has been in position a for a very long time before it is 
thrown to position b. (a) Calculate the frequency of the resulting oscillating 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 capacitance of 10 � F. Calculate (a) the angular frequency and 
(b) the period of oscillation. (c) At time t = 0 the capacitor is charged to 200 � C, and the current is zero. Sketch 
roughly the charge on the capacitor as a function of time 
A single loop circuit consists of a 7.22 �  resistor, a 12.3 H inductor, and a 3.18 � F capacitor. Initially, the 
capacitor has a charge of 6.31 � C and the current is zero. Calculate the charge on the capacitor N complete 
cycles later for N = 5, 10, and 100. 
How much resistance R should be connected to an inductor L = 220 mH and capacitor C = 12 � F in series in 
order that the maximum charge on the capacitor decays to 99% of its initial value in 50 cycles? 
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Parallel capacitor 

Consider a parallel capacitor made of two conductor disks of radius R being charged up by a constant electric 
current. 

1. Find the electric and magnetic fields in the gap between the disks, as functions of the distance s from the 
axis and the time t (assume the charge is zero at t = 0).  

2. Find the energy density and the Poynting vector in the gap. Note especially the direction of the vector.  
3. Determine the total energy in the gap, as a function of time. Calculate the total power flowing into the 

gap. Check that the power input is equal to the rate of increase in energy in the gap.  
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Radiation pressure 

The intensity of sunlight hitting the earth is about 1.3 kW/m2. If the sunlight strikes a perfect absorber, what 
pressure does it exert? How about a perfect reflector? What fraction of atmosphere pressure does this amount 
to?  
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