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The law of electrostatic force worksheet answers

In this page, we will learn about Coulomb's Law. Coulomb's law is the law of electrostatic force between electric charges. It is the most important law of electrostatics. From previous page we already know that the charges are of two types that is positive and negative. We also know that opposite charges
attract each other and same charges repel each other. This interaction of attraction and repulsion gives rise to a force. This force can be attractive or repulsive, depending on whether the charges we have are of opposite or same in type. So we use Coulomb's Law to measure the amount of electrostatic
force acting on the charges. We also use it to find the direction of the force. One more important point to note here is about the range of these forces. These forces act over an enormous range. Its range varies from nuclear dimensions ($10^{-15}$m i.e. of the order of Fermi) to macroscopic distances as
large as $10^8 m$. The inverse square law is valid to a high degree of accuracy over this range of separation. In 1785 the French physicist Charles Augustin Coulomb measured the electric force between small charged spheres using a torsion balance. He then formulated his observations in the form of
Coulomb's Law. Coulomb's Law is an electrical analog of Newton's Universal Law of Gravitation. It states that The force of attraction or repulsion between two stationary point charges is (i) directly proportional to the product of the magnitude of two charges. (ii) inversely proportional to the square of the
distance between them. This force acts along the line joining the two charges. To explain above statement consider the figure given below Coulomb's Law Above figure consists of two point charges $q_1$ and $q_2$. These two charges are separated by a distance $r$. Then according to Coulomb's Law
the force $F$ of attraction or repulsion between them is, $F \propto {q_1}{q_2}$ and $F \propto \frac{1}{r^2}$ Therefore, $$F \propto \frac{q_{1}q_{2}}{r^{2}}\tag{1}$$ or, $$F = k\frac{{{q_1}{q_2}}}{{{r^2}}}$$ where, $k$ is the constant of proportionality. The value of $k$ depends on the nature of the medium
between two charges and the system of units we choose to measure $F$, $q_1$, $q_2$ and $r$. In SI units system, when two charges are in vacuum or air $$k = \frac{1}{4\pi \varepsilon_{0}}$$ where $\varepsilon_{0}$ is absolute permittivity of free space. Value of this constant in vacuum is $8.85 \times
10^{-12}C^2/Nm^2$. If we put the value of $\varepsilon_{0}$ in above equation for $k$ we find $k= \frac{1}{4\pi \varepsilon_{0}} =\frac{1}{4 \times \pi \times 8.85 \times 10^{-12}C^2/Nm^2 } = 9 \times 10^{9} Nm^2C^{-2}$ So, from above equation (1) the force between two charges located in air or vacuum
is given by, $F = \frac{1}{4\pi \varepsilon_{0}} \frac{{{q_1}{q_2}}}{{{r^2}}}= 9 \times 10^{9} \times \frac{{{q_1}{q_2}}}{{{r^2}}} $ (in Newton) Now if the charges are in a medium (glass, water etc.) other then air and vacuum then electric force between these two charges is $$F = \frac{1}{4\pi \varepsilon}
\frac{{{q_1}{q_2}}}{{{r^2}}}$$ where, $\varepsilon $ is a constant and is the the permittivity of the medium in which charges are present. Since the value of $\varepsilon $ depends on the medium, the magnitude of force on a charge also depends on the medium. NOTE:- The direction of the force is along
the line joining two charges. It can be inward or outward depending on attraction or repulsion between the charges. Coulomb's Law of electrostatics holds for two or more point charges ate rest. SI unit of permittivity is $ C^2/Nm^2 $. It can also be expressed as farad per meter (F/m). Unit of electric charge
Learn more about electric charge SI unit of charge is Coulomb. We know that the electrostatic force between two charges in a vacuum is, $F = \frac{1}{4\pi \varepsilon_{0}} \frac{{{q_1}{q_2}}}{{{r^2}}}$ Now in the above equation if we put, $q_1=q_2=1C$ and $r=1m$, then $F= \frac{1}{4\pi \varepsilon_{0}}
= 9 \times 10^{9} N$ So, from the above formula, we can define 1 Coulomb as, One Coulomb is that amount of charge that repels an equal and similar charge with a force of $ 9 \times 10^{9} N$ when placed in a vacuum at a distance of one meter from it. In the cgs system unit of charge is esu of charge
or statcoulomb. One esu of charge is that charge which repels an identical charge in vacuum at a distance of 1 cm from it with a force of 1 dyne. $1 \quad Coulomb = 3 \times 10^9 \quad statcoulomb$ Relative Permittivity (Dielectric Constant) Before defining permittivity let consider a question. What will
be the magnitude of the electrostatic force between two charges kept at the same distance (a) in a vacuum (b) in some medium (water, glass slab etc.) The answer is the force between them is greatly affected. For example, consider two charges placed at the same distance in water and in the air. The
force between the two charges in water becomes about $\frac{1}{80} th$ of the force between them in the air. This is because absolute permittivity of water is about 80 times as large as the absolute permittivity of free space. Permittivity is a property of the medium which determines the electric force
between two charges in the medium. We know that according to Coulomb's law the force between two charges $q_1$ and $q_2$ placed in vacuum at a distance $r$ apart is given by $F_{v} = \frac{1}{4\pi \varepsilon_{0}} \frac{{{q_1}{q_2}}}{{{r^2}}} \tag{1} $ When same charges are placed at same
distance in a medium then the force between them becomes $F_{m} = \frac{1}{4\pi \varepsilon} \frac{{{q_1}{q_2}}}{{{r^2}}} \tag{2}$ here $\varepsilon$ is called the absolute permittivity or just Ipermitivity of the medium. Dividing equation (1) by equation (2) $$\frac{F_v}{F_m}=\frac{\frac{1}{4\pi
\varepsilon_{0}} \frac{q_1 q_2}{r^2}}{\frac{1}{4\pi \varepsilon}\frac{q_1 q_2}{r^2}}=\frac{\varepsilon}{\varepsilon_{0}}$$ In the above equation the ratio $ \frac{\varepsilon}{\varepsilon_{0}} $is called the relative permittivity ($\varepsilon_{r}$) or dielectric constant ($\kappa $) of the given medium. We now
have the formula for relative permittivity of the medium i.e., $$\varepsilon_{r}=\kappa = \frac{\varepsilon}{\varepsilon_{0}}= \frac{F_v}{F_m} $$ From above equation can conclude that, when two charges are placed in a material medium of dielectric constant $ \kappa$, the force between them $\frac{1}
{\kappa}$ times the force in a vacuum. That is $$ F_m = \frac{F_v}{\kappa}$$ Relative permittivity is the factor by which the electric force between the charges is decreased relative to vacuum. If we put $\varepsilon = \varepsilon_{0} \varepsilon_{r}$ or $\varepsilon = \varepsilon_{0} \kappa$ in equation (1)
we get, $$F_m = \frac{1}{4\pi \varepsilon_{0} \varepsilon_{r} }\cdot \frac{q_1 q_2}{r^2} = F_m = \frac{1}{4\pi \varepsilon_{0} \kappa }\cdot \frac{q_1 q_2}{r^2} $$ Coulombs law in vector form In this section we'll learn about Coulomb's Law in vector form. From mechanics we know that force is a vector
quantity. So force has a magnitude as well as direction. Coulomb's law is the law of electrostatics force between electric charges. Like other types of forces electrostatic force expressed by Coulomb's Law has magnitude as well as direction. The direction of force between two charges depends on whether
charges under consideration are like charges or opposite charges. Let us now understand this statement with the help of the figure given below. Coulomb's Law : Direction of electrostatic force for like and unlike charges In figure (2a) we have two charged bodies $P$ and $Q$. These charged bodies carry
opposite charge i.e., $P$ has a positive charge and $Q$ has a negative charge. We know that opposite charges attract each other. So there is a force of attraction between bodies $P$ and $Q$. Now $P$ exerts a force on $Q$ and this force acts towards body $P$ that is towards the left. Now $Q$ exerts
a force on $P$ and this force acts towards body $Q$ that is towards the right. Again in figure (2b), we have two charged bodies $P$ and $Q$. These charged bodies carry the same charge i.e., both $P$ and $Q$ have a positive charge. We know that the same charges repel each other. So there is a force
of repulsion between bodies $P$ and $Q$. Now $P$ exerts a force on $Q$ and this force acts away from body $P$ that is towards the right. Now $Q$ exerts a force on $P$ and this force acts away from body $Q$ that is towards the left. Let us now express Coulomb's Law in Vector form. For this let us
consider a figure given below Coulomb's Law in vector form Here we have two positive charges $q_1$ and $q_2$ kept at a distance $r$ from each other. Since both $q_1$ and $q_2$ have a positive charge they both would repel each other. Again from Newton's Third Law, we know that for every action
there is an equal and opposite reaction. So here when charge $q_1$ exerts a force (action) on charge $q_2$, the charge $q_2$ also exerts an equal and opposite force (reaction) on charge $q_1$. In vector form, Coulomb's law may be expressed as $\vec{F}_{21}=$ Force on charge $q_2$ due to $q_1$
Now you can read subscript of force $\vec{F}_{21}$ to determine the direction of the force. Here direction of force is from $q_1$ to $q_2$. So in vector form we have $\vec{F}_{21}= \frac{1}{4\pi \varepsilon_{0}} \frac{{{q_1}{q_2}}}{{{r^2}}} \hat{r}_{12}$ where, $ \hat{r}_{12} =\frac{\vec{r}_{12}}{r}$ is the unit
vector in direction from $q_1$ to $q_2$. So for force on charge $q_1$ due to $q_2$ , $\vec{F}_{12}=$ Force on charge $q_1$ due to $q_2$ So in vector form we have $\vec{F}_{12}= \frac{1}{4\pi \varepsilon_{0}} \frac{{{q_1}{q_2}}}{{{r^2}}} \hat{r}_{21}$ where, $ \hat{r}_{21} =\frac{\vec{r}_{21}}{r}$ is the unit
vector in direction from $q_2$ to $q_1$. The same way we can write the Coulomb's Law in vector form for Columbian forces between unlike charges which are attractive in nature. Figure below gives the direction of force acting on $q_1$ and $q_2$. Coulombs law in vector form attractive Key points of
Coulomb's law in vector form From vector form of Coulomb's Law, we can deduct following important information From the above discussion we came to know that $\hat{r}_{21}= -\hat{r}_{12} $ which results in forces $\vec{F}_{21}= -\vec{F}_{12} $. This means that two charges exert equal and opposite
force on each other. As discussed earlier electrostatic forces obeys newton's third law of motion. Columbian forces act along a line joining the center of two charges. So they are an example of central forces. Force between two charges in terms of their position vectors \Force between two charges in
terms of their position vectors To express force between two point charges in terms of their position vectors, consider two point charges $q_1$ and $q_2$ at points $P$ and $Q$ respectively. From the figure given above we can see that position vectors of points $P$ and $Q$ are $\vec OP = \vec{r_1}$
and $\vec OQ = \vec{r_2}$. Let us now join these two point charges $q_1$ and $q_2$ through a straight line. Let $r$ be the distance between these two point charges. Let $\hat {r}_{21}$ is the unit vector from charge $q_2$ to $q_1$, then force on charge $q_1$ doe to $q_2$ is given by \begin{equation*}
\vec{F}_{12} = \frac{1}{4\pi \varepsilon_0}\cdot \frac{q_1q_2}{r^2}\hat {r}_{21} \end{equation*} We can rewrite above equation as \begin{equation} \label{eq:2} \vec{F}_{12} = \frac{1}{4\pi \varepsilon_0}\cdot \frac{q_1q_2}{r^3}(r\hat {r}_{21}) \end{equation} From the triangle law of vector addition we have
$\vec{OQ}+\vec{QP}=\vec{OP}$ or $\vec{QP}=\vec{OP}- \vec{OQ}$. Since $(\vec{QP}= r\hat {r}_{21})$, So we have, $r\hat {r}_{21}= \vec{r}_1 - \vec{r}_2$ and $r=\left | \vec{r}_1 - \vec{r}_2 \right |$ In equation \begin{equation} \vec{F}_{12} = \frac{1}{4\pi \varepsilon_0}\cdot \frac{q_1q_2}{r^3}(r\hat {r}_{21})
\end{equation} putting $r\hat {r}_{21}= \vec{r}_1 - \vec{r}_2$ and $r=\left | \vec{r}_1 - \vec{r}_2 \right |$ , we get \begin{equation} \label{eq:3} \vec{F}_{12}=\frac{1}{4\pi \varepsilon_0}\cdot\frac{q_1q_2}{\left ( \left | \vec{r}_1 - \vec{r}_2 \right | \right )^3}\left ( \vec{r}_1 - \vec{r}_2 \right ) \end{equation} Similarly
we can find the force on charge $q_2$ due to charge $q_1$ as \begin{equation*} \vec{F}_{21}=\frac{1}{4\pi \varepsilon_0}\cdot\frac{q_1q_2}{\left ( \left | \vec{r}_2 - \vec{r}_1 \right | \right )^3}\left ( \vec{r}_2 - \vec{r}_1 \right ) \end{equation*} From the above discussion, we have a fair knowledge of
Coulomb's Law. It is a law explaining the electrostatic interaction between charged particles, objects or bodies. In this section, you get the gist of what we have studied so far. So, we have Coulomb's law formula which is given by the expression $$F_v = \frac{1}{4\pi \varepsilon_{0}} \frac{{{q_1}{q_2}}}
{{{r^2}}}= 9 \times 10^{9} \times \frac{{{q_1}{q_2}}}{{{r^2}}} $$ is in Newton Above equation gives only the magnitude of the electrostatic force between two charged particles in vacuum. If material medium exists between charged particles then we have $F_{m} = \frac{1}{4\pi \varepsilon} \frac{{{q_1}{q_2}}}
{{{r^2}}} $ Units used:- $q_1$ and $q_2$ are in Coulomb, $F$ is in Newton and $r$ is in metre. Constant used:- $k=\frac{1}{4 \pi \varepsilon_0}=9\times 10^9 Nm^2C^{-2}$ Principle Of Superposition of electric charges We know that Coulomb's law gives the electric force acting between two electric
charges. What method or principle should we apply if we want to calculate the forces between many charges? Principle of superposition gives the method to find force on a charge when system consists of large number of charges. According to this principle when multiple charges are interacting the total
force on a given charge is vector sum of forces exerted on it by all other charges. This principle makes use of the fact that the forces with which two charges attract or repel one another are not affected by the presence of other charges. If a system of charges has $n$ number of charges say $q_1$,
$q_2$, ...................., $q_n$, then total force on charge $q_1 $ according to principle of superposition is ${\vec F_1} = {\vec F_{12}} + {\vec F_{13}} + ....... + {\vec F_{1n}}$ Where $ \vec F_{12} $ is force on $q_1$ due to $q_2$ and $ {\vec F_{13}} $ is force on $q_1$ due to $q_3$ and so on. Force on
charge $q_1$ due to a system of multiple charges. Please note that charges under consideration in above figure are all negative charges. Electrostatic Forces between these charges are force of repulsion as like charges repel each other. Similarly we can calculate $ {\vec F_{12}} $ , $ {\vec F_{13}} $ ,
.................. $ {\vec F_{1n}} $ from Coulomb's law i. e. $$ \vec F_{12} =\frac{q_{1}q_{2}{\widehat{r}_{12}}}{4\pi \varepsilon _{0}r_{12}^{2}}$$ to, $$ {\vec F_{1n}} =\frac{q_{1}q_{2}{\widehat{r}_{1n}}}{4\pi \varepsilon _{0}r_{1n}^{2}}$$ The total force $F_1$ on the charge $q_1$ due to all other charges is the
vector sum of the forces ${\vec F_{12}}$ , $ {\vec F_{13}}$ , ................................. $ {\vec F_{1n}} $. $${\vec F_1} = {\vec F_{12}} + {\vec F_{13}} + ....... + {\vec F_{1n}}$$ $${{\vec F}_1} = \frac{1}{{4\pi {\varepsilon _0}}}\left[ {\frac{{{q_1}{q_2}}}{{r_{12}^2}}{{\hat r}_{21}} + \frac{{{q_1}{q_3}}}{{r_{13}^2}}{{\hat
r}_{31}} + ......\frac{{{q_1}{q_n}}}{{r_{1n}^2}}{{\hat r}_{n1}}} \right]$$ or, $${{\vec F}_1} = \frac{{{q_1}}}{{4\pi {\varepsilon _0}}}\sum\limits_{i = 1}^n {\frac{{{q_i}}}{{r_{1i}^2}}{{\hat r}_{i1}}} $$ Here the vector sum done using parallelogram law of vector addition of vector. Same way force on any other charge due
to other charges say on $q_2$, $q_3$ etc. can found using this method. After learning about Coulomb's Law and its vector form let us now look into some questions and answers related to the topic. (A) Conceptual Problems Question 1: The electrostatic force between two charges is a central force.
Why? Answer: The electrostatic force between two charges acts along the line joining two charges. So, it is a central force. Question 2 Two equal balls having equal positive charge $q$ C are suspended by two insulating strings of equal length. What would be the effect on the force when a plastic sheet is
inserted between the two? (CBSE OD 14) Answer The force between two balls decreases because $\kappa_{plastic} >1$ and $F \propto \frac{1}{\kappa} $ Question 3 The dielectric constant of water is 80. What is its permittivity? (HARYANA 97C) Solution Dielectric constant $\kappa = \frac{\varepsilon}
{\varepsilon_{0}}$ Therefore permittivity $\varepsilon = \kappa \varepsilon_{0} = 80 \times 8.854 \times 10^{-12} = 7.083 \times 10^{-10} C^2N^{-1}m^{ -2}$ Question 4 Compare the nature of electrostatic and gravitational forces. Answer Gravitational force acts between two massive bodies. But
electrostatic force comes into action between two charged bodies. Similarities:- 1. Both these forces are central forces. 2. Obey the inverse square law 3. Both of them are long range forces 4. Both forces are conservative in nature. Dissimilarities:- 1. Electrostatic force may be both attractive and repulsive
in nature. Gravitational force can only be attractive in nature. 2. The electric force between two charges depends on the material medium between them. Gravitational force is not affected by the material medium between massive bodies. 3. Electric forces are very strong (about $10^{38}$ times) in
comparison to gravitational forces. (B) Numerical questions and answers on Coulomb's law Question 1 Compare electrostatic force and gravitational force between an electron and a proton. Given that charge on an electron and proton is $e=1.6 \times 10^{-19}C$, mass of electron $m_e=9.1 \times 10^{-
31}Kg$ and mass of electron $m_p=1.67 \times 10^{-27}Kg$ Solution Let us suppose that electrons and protons are at a distance $r$ from each other. The electrostatic force of attraction between them would be $$F_e=k\frac{q_eq_p}{r^2}$$ and gravitational force between them is
$$F_g=G\frac{m_em_p}{r^2}$$ therefore, $$\frac{F_e}{F_g}=\frac{k\frac{q_eq_p}{r^2}}{G\frac{m_em_p}{r^2}}=\frac{kq_eq_p}{Gm_em_p}$$ putting all the values of charge and mass as given in the question we get $$\frac{F_e}{F_g}=2.26 \times 10^{39} \Rightarrow F_e \approx 10^{39} F_g$$ Question 2
Two identical Conducting spheres having unequal opposite charges attract each other with a force of 3.15 N when separated by 0.2 m. The sphere experiences a force of repulsion of 0.625 N when they are made to touch for moment and then placed at a distance 0.3 m apart. Find the initial charge on
each sphere. Solution Let us assume that initial charges on spheres are $+q_1$ and $-q_2$ Coulomb. Coulomb force between two spheres when they are placed in vacuum at a distance r is given by $$F=\frac{1}{4\pi \varepsilon}\frac{q_1q_2}{r^2}$$ In first case from coulomb's law $$3.15=9\times 10^9
\frac{q_1q_2}{(0.2)^2} \Rightarrow q_1q_2=1.4\times 10^{-12}C $$ In second case In this case when the spheres touch each other for a moment then charge flows from sphere with higher to the sphere with lower charge until the charge on both the spheres become same. Since the spheres are identical
so both will acquire equal charge. Since $q_1$ is positive and $q_2$ is negative, charges must be added algebraically. Therefore, new charge on bothe the spheres would be $\frac{(q_1 -q_2)}{2}$ also, from Coulomb's law \begin{align*} & \quad 0.625=\frac{9 \times 10^9}{(0.3)^2} \big(\frac{q_1-q_2}
{2}\big)^2 \\ &\Rightarrow (q_1-q_2)^2=25\times 10^{-12}C^2 \end{align*} \begin{align*} &\Rightarrow (q_1-q_2)= \pm 5\times 10^{-6}C \tag{1} \\ \end{align*} \begin{align*} &(q_1+q_2)^2=(q_1-q_2)^2+4q_1q_2 \\ &(q_1+q_2)^2=25\times 10^{-12}+(4\times 14 \times 10^{-12}) \\ &(q_1+q_2)^2=81\times 10^{-
12} \end{align*} \begin{align*} &(q_1+q_2)=9\times 10^{-6}C \tag{2} \end{align*} Solving for 1 and 2 we get $q_1=\pm 7\times 10^{-6}C$ and $q_2= \mp 2\times 10^{-6}C$ Concept Map link to this page by copying the following textCoulomb's law : statement , formula , questions and answers
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