
 

ST. XAVIERôS SR. SEC. SCHOOL, CHANDIGARH 

Class 12                                                             English Worksheet-8 (Literature)  

The Singing Lesson: Story Summary & 

Analysis  

Plot summary 

The Singing Lesson, written by Katherine Mansfield, is all about a surprising day of a 

music teacherôs life. Taken from Katherineôs óThe Garden Party and Other Storiesô 

collection, itôs a short story written in third person from an unknown narratorôs 

perspective. 

Miss Meadows, a music teacher, receives a letter from her fiancé which states quite 

plainly that Basil, her fianc®, isnôt ready to marry her and feels that the marriage would 

fill him with disgust. The word ñdisgustò is scratched lightly and written above it is the 

word ñregretò. Naturally sheôs filled with despair, anger & sadness. And due to her bad 

mood she sees everyone and everything in a negative light. Her usual calm and cheery 

demeanor turns gloomy and angry that day and this change doesnôt go unnoticed by her 

students. 

During the lesson sheôs rather harsh with her students. She tells them that today they 

would be practicing a lament, without any expression at first. Each stanza, each word, 

each breath seems like a sob or groan and lament to her gloomy mind. Then she tells them 

that they must feel the despair, the pain and the sorrow in order to perform the piece 

perfectly. Though the way she tells them so is not that simple. They are rather frightened 

by the sudden change in her behavior. 

During the lesson sheôs informed by another colleague that Basil, her fiancé, has sent a 

telegram for her. Her first thought is that Basil has committed suicide! Yes, you read that 

right. Itôs because the school has a rule; telegram can be sent to the workers during 

working hours only in case of death or emergency situation. But in the telegram Basil had 

asked her to ignore the first letter and that he had bought the hat-stand which they had 

been thinking of lately. In short, the marriage is happening. The content of the telegram 

definitely lights up her mood and sheôs back with her usual cheery demeanor. 

She returns and continues her class, now practicing a cheerful song, singing with 

expressions, more loudly and cheerfully than any other student. 

The Singing Lesson: A Commentary 

The Singing Lesson is a bit weak in tone as compared to its 15 counterparts from óThe 

Garden Party and Other Storiesô but is still a nice example of Katherineôs talent of 

capturing real life moments and sentiments in the most beautiful yet simple way. 



 

From the starting lines of the story, thereôs a slight touch of mystery and lyrical content. 

The authorôs way of making Miss Meadows see the reflection of her own gloomy mood in 

everything, even in the sweet greeting from her colleagues and students is quite realistic 

because our mood can make us behave in the most peculiar ways at the most wrong times. 

In the opening scene, the interaction between the Science Mistress & Miss Meadows is 

quite sarcastic and from that we can conclude that Miss Meadows was rather pessimistic. 

Is it due to the shock she has received from her fiancé or is it just her general nature? We 

donôt know. But of course, towards the end her mood changes and sheôs perfectly 

cheerful, so may be we can say that the pessimistic way is only due to her bad mood. Itôs 

also safe to say that Miss Meadows chose to show her feelings and moods through music 

rather than words. 

The story flow is a bit intriguing as well because at first thereôs no mention of why Miss 

Meadows is in such a bad mood. Readers are left to wonder and assume on their own. But 

the answer becomes quite clear at the right time, without making the readers angry or 

irritated with all the guess work and questions. 

There arenôt many characters but those that are there, are described quite properly and 

arenôt exaggerated. Though thereôs no mention of the place where it all takes place, we 

can ascertain that itôs probably set in the United Kingdom or its provinces, judging from 

the terms used to describe the hierarchy of its faculty and the grade levels. 

The setting, theme, descriptions, narration of the story is quite simple, lyrical and at times, 

comical as well. The author has definitely succeeded in making the reader feel each 

agitation, irritation and overwhelming happiness of Miss Meadows. It definitely makes up 

for a light reading. 

Questions to Do: 

1. Iƻǿ ŘƻŜǎ Ψ¢ƘŜ {ƛƴƎƛƴƎ [ŜǎǎƻƴΩ ǇǊŜǎŜƴǘ ŀ ǿƻǊƪƛƴƎ ǿƻƳŀƴ ƛƴ мфǘƘ ŎŜƴǘǳǊȅΚ 

2. In ñThe Singing Lessonò it is more atmosphere than plot. Discuss.. 

3. Bring out the inner turmoil of Miss Meadows in the story ñThe Singing Lessonò. 

4. Comment on the use of interior monologue in The Singing Lesson. 

5. Explain the symbolism in the lesson. 

 

 

 

 

 

 

 

 

https://englicist.com/questions/working-woman-in-the-singing-lesson
https://englicist.com/questions/inner-turmoil-miss-meadows-the-singing-lesson
https://englicist.com/questions/interior-monologue-the-singing-lesson


 

 

Class 12                                                                                                                        Physics 

Worksheet-8 

ELECTRIC FORCE AND ELECTRIC FIELD 

Question 1.1: 

What is the force between two small charged spheres having charges of 2 × 10ҍ7 C and 3 × 

10ҍ7 C placed 30 cm apart in air? 

Answer 

Repulsive force of magnitude 6 × 10ҍ3 N 

Charge on the first sphere, q1 = 2 × 10ҍ7 C 

Charge on the second sphere, q2 Ґ о Ҏ млҍт /  

Distance between the spheres, r = 30 cm = 0.3 m 

Electrostatic force between the spheres is given by the relation, 

 

Hence, force between the two small charged spheres is 6 × 10ҍ3 N. The charges are of 

same nature. Hence, force between them will be repulsive. 

Question 1.2: 

¢ƘŜ ŜƭŜŎǘǊƻǎǘŀǘƛŎ ŦƻǊŎŜ ƻƴ ŀ ǎƳŀƭƭ ǎǇƘŜǊŜ ƻŦ ŎƘŀǊƎŜ лΦп ˃/ ŘǳŜ ǘƻ ŀƴƻǘƘŜǊ ǎƳŀƭƭ ǎǇƘŜǊŜ ƻŦ 

ŎƘŀǊƎŜ ҍ лΦу ˃/ ƛƴ ŀƛǊ ƛǎ лΦн bΦ όŀύ ²Ƙŀǘ ƛǎ ǘƘŜ Řƛǎtance between the two spheres? (b) What 

is the force on the second sphere due to the first? 

Answer 

Electrostatic force on the first sphere, F = 0.2 N  

Charge on this sphere, q1 Ґ лΦп ˃/ Ґ лΦп Ҏ млҍ6 C 

Charge on the second sphere, q2 Ґ ҍ лΦу ˃/ Ґ ҍ лΦу Ҏ млҍ6 C  

Electrostatic force between the spheres is given by the relation, 

 



 

 

 

The distance between the two spheres is 0.12 m. 

Both the spheres attract each other with the same force. Therefore, the force on the 

second sphere due to the first is 0.2 N. 

Question 1.3: 

Check that the ratio ke2/G memp is dimensionless. Look up a Table of Physical Constants 

and determine the value of this ratio. What does the ratio signify? 

Answer 

The given ratio is . Where, 

G = Gravitational constant Its unit is N m2 ƪƎҍнΦ 

me and mp = Masses of electron and proton. 

Their unit is kg. e = 

Electric charge. 

Its unit is C. 

0 = Permittivity of free space Its 

unit is N m2 Cҍ2. 

 

Hence, the given ratio is dimensionless. 

e = 1.6 × 10ҍ19 C  

Where,  0   =  Permittivity of free space 



 

G = 6.67 × 10ҍ11 N m2kg-2 

meҐ фΦм Ҏ млҍом ƪƎ mp = 

1.66 × 10ҍ27 kg 

Hence, the numerical value of the given ratio is 

 

This is the ratio of electric force to the gravitational force between a proton and an 

electron, keeping distance between them constant. 

Question 1.4: 

9ȄǇƭŀƛƴ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ǘƘŜ ǎǘŀǘŜƳŜƴǘ ΨŜƭŜŎǘǊƛŎ ŎƘŀǊƎŜ ƻŦ ŀ ōƻŘȅ ƛǎ ǉǳŀƴǘƛǎŜŘΩΦ 

Why can one ignore quantisation of electric charge when dealing with macroscopic i.e., 

large scale charges? 

Answer 

9ƭŜŎǘǊƛŎ ŎƘŀǊƎŜ ƻŦ ŀ ōƻŘȅ ƛǎ ǉǳŀƴǘƛȊŜŘΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ƻƴƭȅ ƛƴǘŜƎǊŀƭ όмΣ нΣ ΧΦΣ n) number of 

electrons can be transferred from one body to the other. Charges are not transferred in 

fraction. Hence, a body possesses total charge only in integral multiples of electric charge. 

In macroscopic or large scale charges, the charges used are huge as compared to the 

magnitude of electric charge. Hence, quantization of electric charge is of no use on 

macroscopic scale. Therefore, it is ignored and it is considered that electric charge is 

continuous. 

Question 1.5: 

When a glass rod is rubbed with a silk cloth, charges appear on both. A similar 

phenomenon is observed with many other pairs of bodies. Explain how this observation is 

consistent with the law of conservation of charge. 

Answer 

Rubbing produces charges of equal magnitude but of opposite nature on the two bodies 

because charges are created in pairs. This phenomenon of charging is called charging by 

friction. The net charge on the system of two rubbed bodies is zero. This is because equal 

amount of opposite charges annihilate each other. When a glass rod is rubbed with a silk 

cloth, opposite natured charges appear on both the bodies. This phenomenon is in 



 

consistence with the law of conservation of energy. A similar phenomenon is observed 

with many other pairs of bodies. 

Question 1.6: 

Four point charges qA Ґ н ˃/Σ qB Ґ ҍр ˃/Σ qC Ґ н ˃/Σ ŀƴŘ qD Ґ ҍр ˃/ ŀǊŜ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ 

ŎƻǊƴŜǊǎ ƻŦ ŀ ǎǉǳŀǊŜ !./5 ƻŦ ǎƛŘŜ мл ŎƳΦ ²Ƙŀǘ ƛǎ ǘƘŜ ŦƻǊŎŜ ƻƴ ŀ ŎƘŀǊƎŜ ƻŦ м ˃/ ǇƭŀŎŜŘ ŀǘ 

the centre of the square? 

Answer 

The given figure shows a square of side 10 cm with four charges placed at its corners. O is 

the centre of the square. 

 

Where, 

(Sides) AB = BC = CD = AD = 10 cm 

(Diagonals) AC = BD = cm 

AO = OC = DO = OB = cm 

! ŎƘŀǊƎŜ ƻŦ ŀƳƻǳƴǘ м˃/ ƛǎ ǇƭŀŎŜŘ ŀǘ Ǉƻƛƴǘ hΦ 

Force of repulsion between charges placed at corner A and centre O is equal in magnitude 

but opposite in direction relative to the force of repulsion between the charges placed at 

corner C and centre O. Hence, they will cancel each other. Similarly, force of attraction 

between charges placed at corner B and centre O is equal in magnitude but opposite in 

direction relative to the force of attraction between the charges placed at corner D and 

centre O. Hence, they will also cancel each other. Therefore, net force caused by the four 

ŎƘŀǊƎŜǎ ǇƭŀŎŜŘ ŀǘ ǘƘŜ ŎƻǊƴŜǊ ƻŦ ǘƘŜ ǎǉǳŀǊŜ ƻƴ м ˃/ ŎƘŀǊƎŜ ŀǘ ŎŜƴǘǊŜ h ƛǎ ȊŜǊƻΦ 

Question 1.7: 



 

An electrostatic field line is a continuous curve. That is, a field line cannot have sudden 

breaks. Why not? 

Explain why two field lines never cross each other at any point? 

Answer 

An electrostatic field line is a continuous curve because a charge experiences a continuous 

force when traced in an electrostatic field. The field line cannot have sudden breaks 

because the charge moves continuously and does not jump from one point to the other. 

If two field lines cross each other at a point, then electric field intensity will show two 

directions at that point. This is not possible. Hence, two field lines never cross each other. 

Question 1.8: 

Two point charges qA Ґ о ˃/ ŀƴŘ qB Ґ ҍо ˃/ ŀǊŜ ƭƻŎŀǘŜŘ нл ŎƳ ŀǇŀǊǘ ƛƴ ǾŀŎǳǳƳΦ  

What is the electric field at the midpoint O of the line AB joining the two charges? 

If a negative test charge of magnitude 1.5 × 10ҍ9 C is placed at this point, what is the force 

experienced by the test charge? 

Answer 

The situation is represented in the given figure. O is the mid-point of line AB. 

 

Distance between the two charges, AB = 20 cm 

AO = OB = 10 cm 

Net electric field at point O = E 

9ƭŜŎǘǊƛŎ ŦƛŜƭŘ ŀǘ Ǉƻƛƴǘ h ŎŀǳǎŜŘ ōȅ Ҍо˃/ ŎƘŀǊƎŜΣ 

E1 = along OB 

Where, 

 

aŀƎƴƛǘǳŘŜ ƻŦ ŜƭŜŎǘǊƛŎ ŦƛŜƭŘ ŀǘ Ǉƻƛƴǘ h ŎŀǳǎŜŘ ōȅ ҍо˃/ ŎƘŀǊƎŜΣ 

  =  Permittivity of free   space 



 

 

= 5.4 × 106 N/C along OB 

Therefore, the electric field at mid-point O is 5.4 × 106 N Cҍ1 along OB.  

A test charge of amount 1.5 × 10ҍ9 C is placed at mid-point O. q = 

1.5 × 10ҍ9 C 

Force experienced by the test charge = F 

F = qE 

= 1.5 × 10ҍ9 × 5.4 × 106 

= 8.1 × 10ҍ3 N 

The force is directed along line OA. This is because the negative test charge is repelled by 

the charge placed at point B but attracted towards point A. 

Therefore, the force experienced by the test charge is 8.1 × 10ҍ3 N along OA. 

Question 1.9: 

A system has two charges qA Ґ нΦр Ҏ млҍт / ŀƴŘ qB Ґ ҍнΦр Ҏ млҍт / ƭƻŎŀǘŜŘ ŀǘ Ǉƻƛƴǘǎ !Υ όлΣ 

лΣ ҍ мр ŎƳύ ŀƴŘ .Υ όлΣ лΣ Ҍ мр ŎƳύΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ²Ƙŀǘ ŀǊŜ ǘƘŜ ǘƻǘŀƭ ŎƘŀǊƎŜ ŀƴŘ ŜƭŜŎǘǊƛŎ 

dipole moment of the system? 

Answer 

Both the charges can be located in a coordinate frame of reference as shown in the given 

figure. 

E 2   = = along OB 



 

 

At A, amount of charge, qA = 2.5 ×10ҍ7C At B, amount of 

charge, qB Ґ ҍнΦр Ҏ млҍ7C  

Total charge of the system, q = qA + qB 

= 2.5 × 107 / ҍ нΦр Ҏ млҍ7 C  = 0 

Distance between two charges at points A and B, d 

= 15 + 15 = 30 cm = 0.3 m 

Electric dipole moment of the system is given by, p 

= qA × d = qB × d 

= 2.5 × 10ҍ7 × 0.3  = 7.5 × 10ҍ8 C m    along positive z-axis 

Therefore, the electric dipole moment of the system is 7.5 × 10ҍ8 C m along positive zҍaxis. 

Question 1.10: 

An electric dipole with dipole moment 4 × 10ҍ9 C m is aligned at 30° with the direction of a 

uniform electric field of magnitude 5 × 104 N Cҍ1. Calculate the magnitude of the torque 

acting on the dipole. 

Answer 

Electric dipole moment, p = 4 × 10ҍ9 C m 

Angle made by p with a uniform electric field, ̒  = 30° 

Electric field, E = 5 × 104 N Cҍ1 Torque acting 

ƻƴ ǘƘŜ ŘƛǇƻƭŜ ƛǎ ƎƛǾŜƴ ōȅ ǘƘŜ ǊŜƭŀǘƛƻƴΣ ˍ Ґ pE 

sin̒  



 

 

Therefore, the magnitude of the torque acting on the dipole is 10ҍ4 N m.  

Question 1.11: 

A polythene piece rubbed with wool is found to have a negative charge of 3 × 10ҍ7 C.  

Estimate the number of electrons transferred (from which to which?) 

Is there a transfer of mass from wool to polythene? 

Answer 

When polythene is rubbed against wool, a number of electrons get transferred from wool 

to polythene. Hence, wool becomes positively charged and polythene becomes negatively 

charged. 

Amount of charge on the polythene piece, q Ґ ҍо Ҏ млҍ7 C 

Amount of charge on an electron, e Ґ ҍмΦс Ҏ млҍ19 C Number 

of electrons transferred from wool to polythene = n n can 

be calculated using the relation, q = ne 

 

 

= 1.87 × 1012 

Therefore, the number of electrons transferred from wool to polythene is 1.87 × 1012. 

Yes. 

There is a transfer of mass taking place. This is because an electron has mass, me = 

фΦм Ҏ млҍо ƪƎ 

Total mass transferred to polythene from wool, m 

= me × n 



 

= 9.1 × 10ҍ31 × 1.85 × 1012 

= 1.706 × 10ҍ18 kg 

Hence, a negligible amount of mass is transferred from wool to polythene. 

Question 1.12: 

Two insulated charged copper spheres A and B have their centers separated by a distance 

of 50 cm. What is the mutual force of electrostatic repulsion if the charge on each is 6.5 × 

10ҍ7 C? The radii of A and B are negligible compared to the distance of separation. 

What is the force of repulsion if each sphere is charged double the above amount, and the 

distance between them is halved? 

Answer 

Charge on sphere A, qA = Charge on sphere B, qB Ґ сΦр Ҏ млҍт /  

Distance between the spheres, r = 50 cm = 0.5 m 

Force of repulsion between the two spheres, 

 

Where, 

0ɴ = Free space permittivity 

= 9 × 109 N m2 Cҍ2 

Ḉ  

= 1.52 × 10ҍ2 N 

Therefore, the force between the two spheres is 1.52 × 10ҍ2 N. 

After doubling the charge, charge on sphere A, qA = Charge on sphere B, qB = 2 × 6.5 × 10ҍ7 

C = 1.3 × 10ҍ6 C 

The distance between the spheres is halved. 

 



 

Force of repulsion between the two spheres, 

 

 

= 16 × 1.52 × 10ҍ2 

= 0.243 N 

Therefore, the force between the two spheres is 0.243 N. 

Question 1.13: 

Suppose the spheres A and B in Exercise 1.12 have identical sizes. A third sphere of the 

same size but uncharged is brought in contact with the first, then brought in contact with 

the second, and finally removed from both. What is the new force of repulsion between A 

and B? 

Answer 

Distance between the spheres, A and B, r = 0.5 m  

Initially, the charge on each sphere, q = 6.5 × 10ҍ7 C 

When sphere A is touched with an uncharged sphere C, amount of charge from A 

will transfer to sphere C. Hence, charge on each of the spheres, A and C, is. 

When sphere C with charge is brought in contact with sphere B with charge q, total  

charges on the system will divide into two equal halves given as, 

 

Each sphere will  each half. Hence, charge on each of the spheres, C and B, is  

Force of repulsion between sphere A having charge and sphere B having 

charge  

.  



 

 

Therefore, the force of attraction between the two spheres is 5.703 × 10ҍ3 N. 

Question 1.14: 

Figure  shows tracks of three charged particles in a uniform electrostatic field. Give the 

signs of the three charges. Which particle has the highest charge to mass ratio? 

 

Answer 

Opposite charges attract each other and same charges repel each other. It can be 

observed that particles 1 and 2 both move towards the positively charged plate and repel 

away from the negatively charged plate. Hence, these two particles are negatively 

charged. It can also be observed that particle 3 moves towards the negatively charged 

plate and repels away from the positively charged plate. Hence, particle 3 is positively 

charged. 

The charge to mass ratio (emf) is directly proportional to the displacement or amount of 

deflection for a given velocity. Since the deflection of particle 3 is the maximum, it has the 

highest charge to mass ratio. 

Question 1.15: 

Consider a uniform electric field E = 3 × 103 î N/C. (a) What is the flux of this field through 

a square of 10 cm on a side whose plane is parallel to the yz plane? (b) What is the flux 

through the same square if the normal to its plane makes a 60° angle with the  

x axis? 

Answer 

Electric field intensity, = 3 × 103 î N/C 

Magnitude of electric field intensity, = 3 × 103 N/C 

 Side of the square, s = 10 cm = 0.1 m 



 

Area of the square, A = s2 = 0.01 m2 

The plane of the square is parallel to the y-z plane. Hence, angle between the unit vector 

normal to the plane and electric field, ̒ = 0° 

Flux (ʊ) through the plane is given by the relation, 

ʊ Ґ  

= 3 × 103 × 0.01 × cos0° 

= 30 N m2/C 

Plane makes an angle of 60° with the x-axis. Hence, ̒ = 60° 

Flux, ʊ =  

= 3 × 103 × 0.01 × cos60° 

= 15 N m2/C 

Question 1.16: 

What is the net flux of the uniform electric field of Exercise 1.15 through a cube of side 20 

cm oriented so that its faces are parallel to the coordinate planes? 

Answer 

All the faces of a cube are parallel to the coordinate axes. Therefore, the number of field 

lines entering the cube is equal to the number of field lines piercing out of the cube. As a 

result, net flux through the cube is zero. 

Question 1.17: 

Careful measurement of the electric field at the surface of a black box indicates that the 

net outward flux through the surface of the box is 8.0 × 103 N m2/C.  

(a) What is the net charge inside the box?  

(b) If the net outward flux through the surface of the box were zero, could you conclude 

that there were no charges inside the box? Why or Why not? 

Answer 

Net outward flux through the surface of the box, ʊ = 8.0 × 103 N m2/C  

For a body containing net charge q, flux is given by the relation, 



 

 

0 = Permittivity of free space 

       = 8.854 × 10ҍ12 N-1C2 mҍ2 

       Q = 8.854 × 10ҍ12 × 8.0 × 103 C 

= 7.08 × 10ҍ8C 

Ґ лΦлт ˃/ 

¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƴŜǘ ŎƘŀǊƎŜ ƛƴǎƛŘŜ ǘƘŜ ōƻȄ ƛǎ лΦлт ˃/Φ 

No 

Net flux piercing out through a body depends on the net charge contained in the body. If 

net flux is zero, then it can be inferred that net charge inside the body is zero. The body 

may have equal amount of positive and negative charges. 

Question 1.18: 

! Ǉƻƛƴǘ ŎƘŀǊƎŜ Ҍмл ˃/ ƛǎ ŀ ŘƛǎǘŀƴŎŜ р ŎƳ ŘƛǊŜŎǘƭȅ ŀbove the centre of a square of side 10 

cm, as shown in Fig. 1.34. What is the magnitude of the electric flux through the square? 

(Hint: Think of the square as one face of a cube with edge 10 cm.) 

 

Answer 

The square can be considered as one face of a cube of edge 10 cm with a centre where 

charge q ƛǎ ǇƭŀŎŜŘΦ !ŎŎƻǊŘƛƴƎ ǘƻ DŀǳǎǎΩǎ ǘƘŜƻǊŜƳ ŦƻǊ ŀ ŎǳōŜΣ ǘƻǘŀƭ ŜƭŜŎǘǊƛŎ ŦƭǳȄ ƛǎ ǘƘǊƻǳƎƘ 

all its six faces. 

 

Hence, electric flux through one face of the cube i.e., through the square,  

 



 

Where, 

0ɴ = Permittivity of free space = 8.854 × 10ҍ12 Nҍ1C2 mҍ2 
 q = 

мл ˃/ Ґ мл Ҏ млҍ6 C 

Ḉ 

= 1.88 × 105 N m2 Cҍ1 

Therefore, electric flux through the square is 1.88 × 105 N m2 Cҍ1.  

Question 1.19: 

! Ǉƻƛƴǘ ŎƘŀǊƎŜ ƻŦ нΦл ˃/ ƛǎ ŀǘ ǘƘŜ centre of a cubic Gaussian surface 9.0 cm on edge. What 

is the net electric flux through the surface? 

Answer 

Net electric flux (ʊNet) through the cubic surface is given by, 

 

Where, 

0ɴ = Permittivity of free space = 8.854 × 10ҍ12 Nҍ1C2 mҍ2  q = Net charge 

ŎƻƴǘŀƛƴŜŘ ƛƴǎƛŘŜ ǘƘŜ ŎǳōŜ Ґ нΦл ˃/ Ґ н Ҏ млҍ6 C 

Ḉ 

 

= 2.26 × 105 N m2 Cҍ1 

The net electric flux through the surface is 2.26 ×105 N m2Cҍ1.  

Question 1.20: 

! Ǉƻƛƴǘ ŎƘŀǊƎŜ ŎŀǳǎŜǎ ŀƴ ŜƭŜŎǘǊƛŎ ŦƭǳȄ ƻŦ ҍмΦл Ҏ мл3 Nm2/C to pass through a spherical  

Gaussian surface of 10.0 cm radius centered on the charge. (a) If the radius of the 

Gaussian surface were doubled, how much flux would pass through the surface? (b) What 

is the value of the point charge? 



 

Answer 

Electric flux, ʊ Ґ ҍмΦл Ҏ мл3 N m2/C  

Radius of the Gaussian surface, r = 10.0 cm 

Electric flux piercing out through a surface depends on the net charge enclosed inside a 

body. It does not depend on the size of the body. If the radius of the Gaussian surface is 

doubled, then the flux passing through the surfaŎŜ ǊŜƳŀƛƴǎ ǘƘŜ ǎŀƳŜ ƛΦŜΦΣ ҍмл3 N m2/C. 

Electric flux is given by the relation, 

 

Where, q = Net charge enclosed by the spherical 

surface 

0ɴ = Permittivity of free space = 8.854 × 10ҍ12 Nҍ1C2 mҍ2 
  

Ḉ  

Ґ ҍмΦл Ҏ мл3 × 8.854 × 10ҍ12 

Ґ ҍуΦурп Ҏ млҍ9 C 

Ґ ҍуΦурп nC 

¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ Ǉƻƛƴǘ ŎƘŀǊƎŜ ƛǎ ҍуΦурп ƴ/Φ 

Question 1.21: 

A conducting sphere of radius 10 cm has an unknown charge. If the electric field 20 cm 
from the centre of the sphere is 1.5 × 103 N/C and points radially inward, what is the net 

charge on the sphere? 

Answer 

Electric field intensity (E) at a distance (d) from the centre of a sphere containing net 

charge q is given by the relation, 

 
Where, q = Net charge = 1.5 × 103 N/C d = 

Distance from the centre = 20 cm = 0.2 m 

0ɴ = Permittivity of free space 



 

And,  = 9 × 109 N m2 Cҍ2 

 

= 6.67 × 109 C 

= 6.67 nC 

Therefore, the net charge on the sphere is 6.67 nC. 

Question 1.22: 

A uniformly charged conducting sphere of 2.4 m diameter has a surface charge density of 

улΦл ˃/κƳ2. (a) Find the charge on the sphere. (b) What is the total electric flux leaving 

the surface of the sphere? 

Answer 

Diameter of the sphere, d = 2.4 m 

Radius of the sphere, r = 1.2 m 

Surface charge density, Ґ улΦл ˃/κƳ2 = 80 × 10ҍ6 C/m2 

Total charge on the surface of the sphere, 

Q = Charge density × Surface area 

=  

= 80 × 10ҍ6 × 4 × 3.14 × (1.2)2 

= 1.447 × 10ҍ3 C 

Therefore, the charge on the sphere is 1.447 × 10ҍ3 C. 

Total electric flux ( ) leaving out the surface of a sphere containing net charge Q is 

given by the relation, 

 

Where, 

Ḉ 



 

0 = Permittivity of free space = 8.854 × 10ҍ12 Nҍ1C2 mҍ2 
  

Q = 1.447 × 10ҍ3 C 

 

= 1.63 × 108 N Cҍ1 m2 

Therefore, the total electric flux leaving the surface of the sphere is 1.63 × 108 N Cҍ1 m2.  

Question 1.23: 

An infinite line charge produces a field of 9 × 104 N/C at a distance of 2 cm. Calculate the 

linear charge density. 

Answer 

Electric field produced by the infinite line charges at a distance d having linear charge 

density ˂  is given by the relation, 

 

 

Where, d = 2 cm  = 0.02 m 

E = 9 × 104 N/C 

0 = Permittivity of free space 

= 9 × 109 N m2 Cҍ2 

 

   Ґ мл ˃/κƳ 

¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƭƛƴŜŀǊ ŎƘŀǊƎŜ ŘŜƴǎƛǘȅ ƛǎ мл ˃/κƳΦ 

Question 1.24: 

Two large, thin metal plates are parallel and close to each other. On their inner faces, the 

plates have surface charge densities of opposite signs and of magnitude 17.0 × 10ҍ22 C/m2. 



 

What is E: (a) in the outer region of the first plate, (b) in the outer region of the second 

plate, and (c) between the plates? 

Answer 

The situation is represented in the following figure. 

 

A and B are two parallel plates close to each other. Outer region of plate A is labelled as I, 

outer region of plate B is labelled as III, and the region between the plates, A and B, is 

labelled as II. 

Charge density of plate A, ̀ = 17.0 × 10ҍ22 C/m2  

Charge density of plate B, ̀ Ґ ҍмтΦл Ҏ млҍ22 C/m2 

In the regions, I and III, electric field E is zero. This is because charge is not enclosed by the 

respective plates. 

Electric field E in region II is given by the relation, 

 

Where, 

0 = Permittivity of free space = 8.854 × 10ҍ12 Nҍ1C2 mҍ2 

 
= 1.92 × 10ҍ10 N/C 

Therefore, electric field between the plates is 1.92 × 10ҍ10 N/C.  

Question 1.25: 

An oil drop of 12 excess electrons is held stationary under a constant electric field of 2.55 

× 104 N Cҍ1 ƛƴ aƛƭƭƛƪŀƴΩǎ ƻƛƭ ŘǊƻǇ ŜȄǇŜǊƛƳŜƴǘΦ ¢ƘŜ ŘŜƴǎƛǘȅ ƻŦ ǘƘŜ ƻƛƭ ƛǎ мΦнс Ǝ ŎƳҍ3. Estimate 

the radius of the drop. (g = 9.81 m sҍ2; e = 1.60 × 10ҍ19 C). 

Answer 

Excess electrons on an oil drop, n = 12  



 

Electric field intensity, E = 2.55 × 104 N Cҍ1 

Density of oil, ́  = 1.26 gm/cm3 = 1.26 × 103 kg/m3  

Acceleration due to gravity, g = 9.81 m sҍ2 

Charge on an electron, e = 1.6 × 10ҍ19 C  

Radius of the oil drop = r 

Force (F) due to electric field E is equal to the weight of the oil drop (W) 

F = W 

Eq = mg 

Ene  

Where, q = Net charge on the oil drop = ne  

m = Mass of the oil drop 

= Volume of the oil drop × Density of oil 

              = 9.82 × 10ҍ4 mm 

Therefore, the radius of the oil drop is 9.82 × 10ҍ4 mm. 
Question 1.26: 

Which among the curves shown in Fig. cannot possibly represent electrostatic field lines? 

(a) 

 

(b) 



 

 
(c) 

 

(d) 

 

Answer 

The field lines showed in (a) do not represent electrostatic field lines because field lines 

must be normal to the surface of the conductor. 

The field lines showed in (b) do not represent electrostatic field lines because the field 

lines cannot emerge from a negative charge and cannot terminate at a positive charge. 

The field lines showed in (c) represent electrostatic field lines. This is because the field 

lines emerge from the positive charges and repel each other. 

The field lines showed in (d) do not represent electrostatic field lines because the field 

lines should not intersect each other. 

The field lines showed in (e) do not represent electrostatic field lines because closed loops 

are not formed in the area between the field lines. 

Question 1.27: 

In a certain region of space, electric field is along the z-direction throughout. The 

magnitude of electric field is, however, not constant but increases uniformly along the 



 

positive z-direction, at the rate of 105 NCҍ1 per metre. What are the force and torque 

experienced by a system having a total dipole moment equal to 10ҍ7 Cm in the negative z 

direction? 

Answer 

Dipole moment of the system, p = q × dl Ґ ҍмлҍ7 C m  

Rate of increase of electric field per unit length, 

 

Force (F) experienced by the system is given by the relation, 

F = qE 

 

 

Ґ ҍмлҍ7 × 10ҍ5 

Ґ ҍмлҍ2 N 

¢ƘŜ ŦƻǊŎŜ ƛǎ ҍмлҍ2 N in the negative z-direction i.e., opposite to the direction of electric 

field. Hence, the angle between electric field and dipole moment is 180°. Torque ()̱ is 

ƎƛǾŜƴ ōȅ ǘƘŜ ǊŜƭŀǘƛƻƴΣ ˍ Ґ pE sin180° 

= 0 

Therefore, the torque experienced by the system is zero. 



 

A conductor A with a cavity as shown in Fig. 1.36(a) is given a charge Q. Show that the entire charge 

must appear on the outer surface of the conductor. (b) Another conductor B with charge q is inserted 

into the cavity keeping B insulated from A. Show that the total charge on the outside surface of A is Q + 

q [Fig. 1.36(b)]. (c) A sensitive instrument is to be shielded from the strong electrostatic fields in its 

environment. Suggest a possible way. 

Answer 

Let us consider a Gaussian surface that is lying wholly within a conductor and enclosing the cavity. The 

electric field intensity E inside the charged conductor is zero. 

Let q is the charge inside the conductor and  is the permittivity of free space.  

AccƻǊŘƛƴƎ ǘƻ DŀǳǎǎΩǎ ƭŀǿΣ 

Flux,  

Here, E = 0 

 

 

Therefore, charge inside the conductor is zero. 

The entire charge Q appears on the outer surface of the conductor. 

The outer surface of conductor A has a charge of amount Q. Another conductor B having charge +q is 

ƪŜǇǘ ƛƴǎƛŘŜ ŎƻƴŘǳŎǘƻǊ ! ŀƴŘ ƛǘ ƛǎ ƛƴǎǳƭŀǘŜŘ ŦǊƻƳ !Φ IŜƴŎŜΣ ŀ ŎƘŀǊƎŜ ƻŦ ŀƳƻǳƴǘ ҍq will be induced in the 

inner surface of conductor A and +q is induced on the outer surface of conductor A. Therefore, total 

charge on the outer surface of conductor A is Q + q. 

A sensitive instrument can be shielded from the strong electrostatic field in its environment by 

enclosing it fully inside a metallic surface. A closed metallic body acts as an electrostatic shield. 

A hollow charged conductor has a tiny hole cut into its surface. Show that the electric 

field in the hole is , where is the unit vector in the outward normal direction, 

 and is the surface charge density near the hole. 



 

Answer 

Let us consider a conductor with a cavity or a hole. Electric field inside the cavity is zero. 

Let E is the electric field just outside the conductor, q is the electric charge, is the charge density, and 

 is the permittivity of free space. 

Charge   

!ŎŎƻǊŘƛƴƎ ǘƻ DŀǳǎǎΩǎ ƭŀǿΣ 

 

Therefore, the electric field just outside the conductor is . This field is a superposition of field due 

to the cavity and the field due to the rest of the charged conductor . These fields are equal 

and opposite inside the conductor, and equal in magnitude and direction outside the conductor. 

 

Therefore, the field due to the rest of the conductor is .  

Hence, proved. 

Consider an arbitrary electrostatic field configuration. A small test charge is placed at a null point (i.e., 

where E = 0) of the configuration. Show that the equilibrium of the test charge is necessarily unstable. 

Verify this result for the simple configuration of two charges of the same magnitude and sign placed a 

certain distance apart. 



 

Answer 

Let the equilibrium of the test charge be stable. If a test charge is in equilibrium and displaced from its 

position in any direction, then it experiences a restoring force towards a null point, where the electric 

field is zero. All the field lines near the null point are directed inwards towards the null point. There is a 

net inward flux of electric field through a closed ǎǳǊŦŀŎŜ ŀǊƻǳƴŘ ǘƘŜ ƴǳƭƭ ǇƻƛƴǘΦ !ŎŎƻǊŘƛƴƎ ǘƻ DŀǳǎǎΩǎ 

law, the flux of electric field through a surface, which is not enclosing any charge, is zero. Hence, the 

equilibrium of the test charge can be stable. 

Two charges of same magnitude and same sign are placed at a certain distance. The midpoint of the 

joining line of the charges is the null point. When a test charged is displaced along the line, it 

experiences a restoring force. If it is displaced normal to the joining line, then the net force takes it away 

from the null point. Hence, the charge is unstable because stability of equilibrium requires restoring 

force in all directions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Class 12                                                                                        Chemistry Worksheet-8 

FUEL CELLS:  

A fuel cell is a device that converts chemical potential energy (energy stored in molecular 

bonds) into electrical energy 

Hydrogen ï oxygen fuel cell: This cell converts the chemical energy of hydrogen gas 

into electrical energy. 

Electrodes: porous carbon rods containing the catalyst Pt, Ag or CoO 

Electrolyte: Aqueous solution of KOH/NaOH 

 

1.  Anode halfïreaction (Oxidation):Hydrogen molecules lose electrons, to give 

hydrogen ions which immediately combine with the hydroxide ions to form water. 

                     2H2(g) + 4OHï(aq) ï 4eï  ==>  2H2O(l)     

2.  Cathode halfïreaction (Reduction): Oxygen molecules gain electrons and in 

combination with water molecules are reduced to hydroxide ions. 

                      O2(g) + 2H2O(l) + 4eï  ==>  4OHï(aq)        

The overall equation is same as the normal combustion equation  

                      2H2(g) + O2(g)  ==>  2H2O(l) 

 

ADVANTAGES OF HYDROGEN - OXYGEN FUEL CELLS  

¶ High efficiency about 70% 

¶ Non polluting 



 

¶ Provides energy continuously as long as hydrogen and oxygen are being provided. 

They are used to provide electric power for APPOLLO SPACE PROGRAMMES 

and provide water used for drinking by asrtonauts. 

 

 

DISADVANTAGES OF HYDROGEN ï OXYGEN FUEL CELLS  

¶ Electrolyte is corrosive 

¶ Catalyst used are expensive 

¶ Large scale production of hydrogen is difficult 

¶ Handling of gaseous fuels at low temperature and high pressure is difficult 

 

CORROSION (RUSTING) 

It is a process of converting a metal into an undesirable compound (usually oxide) on 

exposure to moisture and oxygen. It is also called WEEPING  of metals. 

Iron + Oxygen (from environment) + Water (Humidity) ð> Iron Oxide (Rust) 

Fe + O2 + H2O ð>   Fe2O3 

 

MECHANISM OF RUSTING  

The reaction of the rusting of iron involves an increase in the oxidation state of iron, 

accompanied by  loss of electrons. 

  

 

AT ANODE : oxidation takes place 

2Fe Ÿ 2Fe2+ + 4eï    

https://byjus.com/chemistry/how-to-calculate-oxidation-number/


 

AT CATHODE : reduction takes place so electrons form hydroxyl ions 

O + H2O + 2eï Ÿ 2OHï                        

Ferrous ions are oxidised to ferric ions and these combine with hydroxyl ions to form 

hydrated ferric oxide i.e. RUST. 

2Fe2+ + O + H2O Ÿ 2Fe3+ + 2OHï 

2Fe3+ + 6OHï Ÿ Fe2O3.3H2O 

RUSTING IS HELPED BY:  

Á Presence of carbon dioxide (acidity in water) 

Á Presence of impurities like Cu and Zn 

Á Saline water 

RUSTING IS RETARDED BY: 

Á Presence of alkalis 

Á Presence of metals like chromium and nickel 

METHODS TO PREVENT CORROSION   

1.Barrier protection : Providing a barrier between iron and atmospheric air. It can 

be done by 

¶ Paints 

¶ Grease 

¶ Chemicals like bisphenol 

¶ Electroplating 

          2. Sacrificial protection: Zn being more electropositive than iron loses           

electrons in preference to iron and is consumed. So a more electropositive metal 

sacrifices itself to protect the less electropositive metal. This process of covering iron 

with zinc metal is called GALVANIZATION.  

          3.Using antirust solution: alkaline solution of phosphates and chromates. 

          4. Electrical protection: Underground iron pipes can be protected from rust by 

connecting them with more active metals like Mg, Zn, Al.  

 

 



 

Class 12                                                                                        Biology Worksheet-8  

CHAPTER- SEXUAL REPRODUCTION IN FLOWERING PLANTS  (PART-1) 

REPRODUCTION IN FLOWERING PLANTS  

Reproduction-It is defined as a biological process in which an organism gives rise to 

young one similar to itself. It is an important characteristic feature of all living organisms. 

Reproduction in flowering plants is of two main types: 

VEGETATIVE REPRODUCTION 

SEXUAL REPRODUCTION 

 

 
 

Note: 

As a result of vegetative reproduction, the new plants develop from any vegetative part of 

the plant. There is no formation of gametes and no fertilization. The offspring are the 

similar copy of their parents called as natural clones.As a result of sexual reproduction, 

the new formed individual is not the exact copy of its parents. In this gametes are formed 

and fertilization occurs. The offspring so produced are better called as Hybrids. 

 

SEXUAL REPRODUCTION IN ANGIOSPERMIC PLANTS  

For sexual reproduction, angiosperms possess reproductive organs which are flowers. 

In higher plants like angiosperms, the dominant phase is sporophytic phase (diploid 

phase) and gametophytic phase (haploid phase) is highly reduced. They show alternation 

of generations. 



 

 

REPRODUCTIVE ORGANS 

Flower is the reproductive organ of angiospermic plants.It is found only in angiosperms. 

It contains male reproductive organs and female reproductive organs which are 

responsible for production of gametes.In general,a flower consists of four whorls,calyx 

,corolla,androecium and gynoecium.Calyx and corolla are called accessory whorls while 

the other two are reproductive whorls.Androecium is called male whorl as it contains 

stamens,male sex organs.Gynoecium is called female whorl as it contains carpels,the 

female sex organs. 

Different whorls are summarized below: 

 

 

 



 

 

 
 

 

 


