Important things you need to know:

Force and Field 
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Electric force, F exerted by one charge, q1 on another charge, q2 at a distance of r away.

Note that the force q2 exerts on q1 is also equals to F. (Newton’s 3rd Law)
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 Electric field strength, E at a certain point is the force exerted per unit positive charge. 

So if you know that q1 exerts a force of F on q2 at a distance of r away, then the force that would be exerted on a unit charge is F / q2.
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Thus from the first two equations, you know that the field of q1 at a distance of r away 

is   . 

Energy and potential
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Work done, W by external agent in bringing two charges, q1 and q2 infinity far apart to distance of r from each other.

By conservation of energy, this work must be stored as electrical potential energy between the charges.

Note also that if the charges have the same sign, work done / energy is positive. 
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Potential, V at a certain point is the work done per unit positive charge or the energy possessed by a unit positive charge.

So if you know that q2 requires W of work to be done to be brought from infinity to a distance of r from q1, then the potential at that point due to q1 is W / q2.

Thus from the previous two equations, you get potential due to q1 at a distance of r is
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What if q2 was not brought from infinity but from a distance R to its new distance of r from q1? No problem – it simply means that the initial potential energy of q2 is not zero. If you consider the difference in the initial and final energies of q2, and understand that the difference must be provided by the work done by the external agent (conservation of energy), then you can derive that
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One last thing

So far we learn the relationship between F and E, and the relationship between W and V. But how does F and E relate to W and V?
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Here it is:  Field strength is the negative of the potential gradient

This is not a useful equation unless the field is a uniform field. If E is constant, then we know the potential difference (V across any two points a distance of d (in the direction of the field) apart is constant. Or
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Electric Field

1. q2 is free to move ( there are no external forces acting on it except the forces by q1 and q3.

It does not move i.e. it is is equilibrium ( the external forces have a resultant of 0, or the vector sum of the 2 forces by q1 and q2 is 0.
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First you need to find F12, the force exerted by q1 on q2. This you use 

[1]

This is the formula you use to find the force exerted by one charged particle on another. 

Similarly, you can find F32, the force that q3 exerts on q1.

In order for the vector sum of F12 and F32 to be 0, the 2 forces must have the same magnitude and opposite directions. Thus one must attract q3 and the other must repel it with an equal force.

Thus equating F12 and F32 will give you 

|q1| = 4 |q2| 

Since you know that the charges q1 and q2 are of opposite signs, you know that

q1 = -4 q2
It doesn’t really matter which of q1 and q2 is positive or negative. As long as the charges on them are opposite in signs, and |q1| = 4 |q2|, q3 will be in equilibrium.
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This question is exactly the same as 1, except now, instead of two forces, each charge is being acted upon by three forces, one from each of the neighbouring charges. Also in this question, the three forces do not acted along the same line.
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But the way to solve it is exactly the same: First you find the magnitudes of the three forces exerted by q1, q2 and q3​ on q4 using equation [1]. These we call them F14​, F24 and F34 respectively.

Sketching a vector diagram, we would get (
We know that the forces are all repulsion forces because all 4 charges have the same sign.

To determine the resultant force on q​4, you will have to find the vector sum of F14​, F24 and F34. This you do by resolving forces in the x and y direction. 

If you can recognize that F24 and F34 have a resultant along F14, then you may wish to resolve the three forces along the diagonal as it will make calculations much simpler and more direct.

3. If you assume that the electron revolves around the nucleus, then you can say that

· The electron is in circular motion

· The electric force on the electron exerted by the nucleus, Fne is providing the centripetal force

· The radius of the electron’s circular path, r is equal to the separation between the centres of the electron and the nucleus.

Thus applying Newton’s 2nd Law to circular motion, we have

Fne = me v2 / r  (
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where qe and qn are the charges on the electron and nucleus respectively, me is the mass of the electron and v is the tangential velocity of the electron.

Note: You must understand why we substitute these values!
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Rearranging the variables, we have

The mass of an electron is 9.1 x 10-31 g and qe and qn are –1.6 x 10-19 C and  1.6 x 10-19 C respectively. (The hydrogen nucleus is basically a proton.) v is 1.1 x 106 ms-1. Substituting these values, you would get 

r = 2.1 x 10-10  m

4. Weight of electron = We = me g
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where r is the required separation
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Thus 
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Looking at the free body of one of the balls, we have 3 forces acting on it that are in equilibrium.  We have the ball’s weight (W), the tension in the string (T) and the electric force exerted by the other charged ball (F). Translating these forces into a vector diagram, we have (
So now you know 

tan ( = F / W ……….(1)

[image: image30.wmf]q

F

E

=


or 
……(2)

If r is the separation between the balls and L is the length of the string, then by trigonometry, you also know that

sin ( = (r / 2) / L ………… (3)

Since tan ( ( sin (, equating (2) and (3) gives
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(a)
Simplifying the diagram, we have

Applying equation [1] to find the electric forces F1 and F2, you will find that 

2 F1 = F2.

By taking moments about the pivot:

(F2 – F1) L / 2 – W (x – L/2) = 0

Combining the two equations,we get

F1 L – 2 W x + W L = 0  (  x = F1 L / 2 W + L / 2
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Since  (  

(b) If S = 0, then F1 + F2 = W   or   3 F1 = W
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Thus 

9 Solving E-Field problems are EXACTLY the same as solving E-Force problems, because field strength is effectively force per unit charge.

Recall: To find resultant force on a charge due to three neighbouring charges (Q2), we find the forces due to each of the three charges and then you find the vector sum of the three forces.

Similarly, to find the resultant field due to four charged particles at a certain point, we find the field vectors of each of the four charges at the point (E1, E2, E3 and E4) and find the vector sum of the four individual vectors. This will give the resultant field vector.
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To find the field vector, En of each of the charges, qn, we apply the formula


, for n = 1 to 4. 

Arranging the four vectors in a vector diagram (
Resolving the four fields in the x and y directions, you will find that the resultant is a 1.3 x 106 NC-1 field, directed vertically down.

10 (a) 
Apply the formula for volume of a sphere to obtain V, the volume of the water drop. Then weight, W is simply

W = V ( g


Where ( is the density of water and g is the acceleration due to gravity.


(b)
If the drop is suspended in air, it means that it is in equilibrium ( the net force acting on the drop is zero.


Considering the free body of the drop, there are only two forces on it – the weight W and the electric force F. Thus

F – W = 0  (  F = 8.87 x 10-15 N

But 







F = Eq









 [2]

(This is the formula you apply to find the force that is exerted on ONE charged body by an E field.) 

Since you know the field strength E, you can find the charge on the drop q.

If the charge on the drop is due to the excess electrons, then 

q = n e

where n is the number of excess electrons and e is the charge on each electron.

11 In order for the electron to be retarded to rest (it stops), the force exerted by the field must be in the opposite direction as the initial velocity of the electron. The magnitude of this force F can be obtained using equation [2].

Why do we need to find F? Because we need to know the acceleration of the electron, a. And we get this by applying Newton’s 2nd Law ( F = me a ).

The rest of it is a kinematics question: you know a = - Eq/me (opposite direction as u), u = 2.4 x 106, v = 0 and you want to find s. So you apply the equation  

v2 = u2 + 2 a s

To find the answer to (b), the acceleration is still the same, the u is still the same, you know that s = 0 when the electron returns to its starting point and you want to find t. So you apply

s = ut + ½ a t2
12 To determine whether the E-Field or the external agent is doing work, we have to compare the directions of the force exerted by the E-Field and the displacement of the electron. 

In the case of moving the electron from A to B, the two directions are the same+. Thus the field is doing POSITIVE work. If this is the case, work done by the external agent is NEGATIVE. 

+(The field line indicates the direction of the force exerted on a POSITIVE charge, thus the force exerted on an electron must be in the opposite direction.)

Since potential energy of a charged body is defined as the work done by the external agent in moving it from infinity to its position in the field, negative work done would imply that EA, the potential energy of the electron at A, its initial position is lower than EB, at B, its final position. ( potential energy has decreased.

But this does not (necessarily) mean that A is at a higher potential than B, because potential is defined as the potential energy possessed by a unit POSITIVE charge. Since the energy of a positive charge is the negative of the energy possessed by a negative charge, VA is equals to – EA/e and VB is equals to – EB/e. We have already determined that EA > EB. So VA < VB.

(a) VA – VB is negative because VA < VB.

(b) VC – VA = VB – VA is positive because C is at the same potential as B.

(c) VB – VC = 0 because B and C are at the same potential.

Alternatively, you can apply the formula (V = W / q. But BE CAREFUL. (V is the final potential minus initial potential. So (V = VA – VB would imply that the charge was displaced from B to A. This is very important because you must determine if the work done by the external agent, W is positive or negative. Also, you must substitute in the sign of the charge into q, which is negative for an electron.

13 Potential energy is defined as the work done … WITHOUT any change in KE. So we have to eliminate the work done by the external agent that increased the KE of the charge. So the work done that DID increase the potential energy is just (18.0 – 4.0) x 10-4 J.

The potential difference may be obtained by applying the formula (V = W / q.

14 The potential energy of a proton on the surface of an iron nucleus is given by


where qp and qn are the charges on the proton and nucleus respectively, and r is the radius of the nucleus.

In order for the proton to penetrate the nucleus, it must have enough energy to reach the surface of the nucleus. ( It must possess, at the very least, the energy calculated above.

If the proton is to gain this minimum energy by being accelerated through a p.d., then the energy gained is given by – qp (V, since the field is providing the proton with this energy (work done by the field). (note that (V has got nothing to do with the field of the nucleus.)

Thus equating the two, we have


The answer will be negative because the proton must accelerate from a higher potential to a lower potential.

15 To solve this problem, you have to find the energy that needs to be provided by an external agent to bring these three charges from infinity to the positions they are in. And this you find by calculating the potential energies between each pair of charges+. Thus you need to find three potential energies: P.E. between q1 and q2, between q​2 and q3, and between q1 and q3. The sum of these energies will give you the final potential energy of the system. 


+ Use the formula in Q14:


16 You need to know  for this question.

To find which field is the strongest, you need to find which has the largest potential difference over the same distance, regardless of whether the difference is an increase or decrease.

To find the direction of field is even simpler: remember field lines are always directed from a higher potential to a lower potential.

17 Calculate E for each straight-line section of the V-x graph using the equation


. E is essentially the negative of the gradient of the graph. Since 

gradient is constant for each of the straight-line sections, you will get horizontal lines for each of the sections for the E-x graph. The graph will thus be made up of steps.

18 This question is similar to Q14: The work done by the field must be equals to the gain in energy of the electron. In this case, this gain is in form of KE. 

Work done by Field, W = q (V = q (E d)  [(V = E d for uniform filed]

Or

Work done by Field, W = F d = (E q) d  [F is constant in a uniform field]

Then W = ½ me v2  (  v = ((2 W me) = 1.3 x 107 m s-1

19 If the electron remains stationary, it means that it is in equilibrium.  Thus

F = mg  (  E qe = m g  (  ((V / d) qe = m g  (  (V = m g d / qe 

Any p.d. greater than the one calculated will cause the electron to accelerate upwards.

20 (a)
Since this is a uniform field, the force exerted on the charge anywhere in the field must be the same. And it can be calculated by the formula 

F = E q = ((V / d) q = 2.0 x 10-2 N

(b)
The work done may be calculated using the formula W = q (V because we know the potential gradient in the field ( If p.d. over a distance of 50 cm is 1000V, then p.d. over a distance of 30 cm

Alternatively, we can use W = F s, since the force exerted on the charge is constant [as calculated in (a)].

From A to B, the work done is negative because the E-Field is doing the work. From B to C, the work done is positive because the external agent is doing the work. From C to A, no work is done because there is no p.d. across CA. 

[-6.0 x 10-3 J, +6.0 x 10-3 J, 0 J] 

(c)
Net energy change of the charge is 0 J. The only time when external work is required is when the charge is moved from B to C. W = 6.0 x 10-3 J.

21 The diagram shows that the electron has an initial velocity of v, but it is stated in the question that it is accelerated from rest through a p.d. of 15 kV. Thus you have to find what the “initial” velocity v is. And this you can find using the method similar to Q18.

Work done by field = - W = - qe (V = e (V

Gain in KE = ½ me v2
Equating the two, we have

v = ((2 e (V / me)

Now you know v, the initial horizontal velocity. When the electron passes between the plates, it starts to accelerate towards the positive plate due to the field being set up between the plates. To find this acceleration, ay we apply

ay = F / me = q E / me = q ((V / d) / me
where d is the separation of the two plates.

From this point on, this is a kinematics question:

ax = 0

ux = vx = v

sx = 0.050

Using s = u t + ½ a t2 , you can find t when the electron reaches the end of the plates.

ay = q ((V / d) / me

uy = 0

t is found earlier

Using v = u + a t, you can find vy the final vertical velocity of the electron.

Now that vx and vy are now both known,

( = tan-1 (vy / vy)
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