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Practice with electric fields
Objectives:
Solve problems relating to uniform and nonuniform electric fields by applying your understanding of the physics within 
this unit. 

Starter:
Check your HW answers:
1.  2.3 x 1028 N

5.5 x 1071 N

4 x 1042   !!!!

2.  Electrical force is same as with 2 electrons ﴾they have the same magnitude of charge﴿.

Gravitational force = 1.9 x 1064 N

Electrical force/gravitational force = 1.2 x 1036

3.  Because even though the Earth has a very large mass, providing a strong gravitational field, both it and 
you are electrically neutral overall.

4.  Number of molecules = ﴾60/0.018﴿ x 6.02 x 1023 = 2.0 x 1027

There are 10 electrons in a water molecule ﴾8 from the O atom and one each from H﴿

Thus total number of electrons in student = 2.0 x 1028

1% of electrons is 2.0 x 1026 which have a charge of 2.0 x 1026 x 1.6 x 1019 =32 MC ﴾i.e. 32 million 
coulombs!﴿. 

F = kQ1Q2/r2 = 9.0 x 109 x 32 x 106 x 32 x 106 / 12 = 9.3 x 1024 N

This is a huge force on each student – it is almost the weight of our entire planet!!!
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Practice with electric fields
Objectives:
Solve problems relating to uniform and nonuniform electric fields by applying your understanding of the physics within 
this unit. 

Problem 1: 
Field shapes and effects:
Draw the field lines for each situation. Continue the field lines to the 
edge of the circle. Map the whole circle.  
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Practice with electric fields
Objectives:
Solve problems relating to uniform and nonuniform electric fields by applying your understanding of the physics within 
this unit. 

Problem 2: 
Uniform fields

++++++++++++++++++++++++++++++

______________________________

e d

An electron is accelerated from rest by an anode of 400V over a distance of 0.02m. It enters a parallel plate set up 
horizontally. The plates have a length of 10cm and are separated by a distance 0.15m. Calculate the velocity and the 
direction the electron is travelling in as it leaves the plates. 
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Practice with electric fields
Objectives:
Solve problems relating to uniform and nonuniform electric fields by applying your understanding of the physics within 
this unit. 

Problem 3: 
Radial fields

Q Q

Two charges 30uC are suspended from 
string attached at a common point. 

They achieve equilibrium with a 
seperation of 3cm and the string 
supporting them makes an angle with the 
vertical of 5degrees. 

What is the mass of each object supposing 
they are equal to one another? 
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Practice with electric fields
Objectives:
Solve problems relating to uniform and nonuniform electric fields by applying your understanding of the physics within 
this unit. 

Task: HW
Complete the questions and selfmark. 



Attachments

Radial fields problems.doc


TAP 407-1: Worked examples – Coulomb’s law

Data required:


k = 1/ (40) = 9.0 ( 109 N m2 C-2

mass of an electron = 9.11 ( 10-31 kg


mass of a proton = 1.67 ( 10-27 kg


G = 6.67 ( 10-11 N m2 kg-2


1. 
What is the force of repulsion between two electrons held one metre apart in a vacuum? What is the gravitational force of attraction between them? By what factor is the electric repulsion greater than the gravitational attraction?


2. 
By what factor is the electric force between two protons greater than the gravitational 
force between them?


3. 
Given the difference in magnitudes of gravitational and electrical forces you’ve just 
discovered, why do you feel gravitational attraction from the earth, but no electrical 
forces?


4. 
Human beings are electrically neutral objects to a high degree of accuracy. In this question you will estimate the force that would exist between 2 students standing one metre apart if they had just 1% of the electrons in their body somehow removed, leaving 
them both positively charged. Take the mass of each student to be 60 kg, and as a rough 
estimate, assume that humans are 100% water. The molar mass of H2O (the mass of 6.02 ( 1023 molecules) is 18 g. 



How many water molecules do the students contain? 



How many electrons are there in a water molecule? 



How many electrons are there in total in each student? 


Taking 1% of these away will leave each student with a net positive charge equal to the charge of 1% of their electrons. What is this value? 


Now calculate the force between the two students, if they are standing 1 metre apart, and comment.


Answers and worked solutions


1. 
F = kQ1Q2/r2 = (9.0 x 109 x 1.6 x 10-19 x 1.6 x 10-19)/ 12 = 2.3 x 10-28 N


F = Gm1m2/r2 = (6.67 x 10-11 x 9.11 x 10-31 x 9.11 x 10-31)/ 12 = 5.5 x 10-71 N


Electrical force/gravitational force = 2.3 x 10-28 / 5.5 x 10-71 = 4 x 1042   !!!!


2. 
Electrical force is same as with 2 electrons (they have the same magnitude of charge).


Gravitational force = (6.67 x 10-11 x 1.67 x 10-27 x 1.67 x 10-27)/ 12= 1.9 x 10-64 N


Electrical force/gravitational force = 1.2 x 1036

3. 
Because even though the Earth has a very large mass, providing a strong gravitational field, both it and you are electrically neutral overall.


4. 
Number of molecules = (60/0.018) x 6.02 x 1023 = 2.0 x 1027

There are 10 electrons in a water molecule (8 from the O atom and one each from H)


Thus total number of electrons in student = 2.0 x 1028

1% of electrons is 2.0 x 1026 which have a charge of 2.0 x 1026 x 1.6 x 10-19 =32 MC (i.e. 32 million coulombs!). 


F = kQ1Q2/r2 = 9.0 x 109 x 32 x 106 x 32 x 106 / 12 = 9.3 x 1024 N


This is a huge force on each student – it is almost the weight of our entire planet!!!
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