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  01. General Physics & Mechanics  

Vector Algebra : Vector and Scalar 

Quantities, Scalar and Vector 

Products, Vector Identities 

Q. L = 1
r

Deewj 
1

S =
2

r
(oesveeW h keâer FkeâeF& ceW) kesâ efueS 

L.S
rr
kesâ mecYeeefJele ceeve %eele keâerefpeS~ 

 Calculate the possible values of L.S
rr

For 

L = 1
r

and 
1

S =
2

r
(both in units of h).  

UPPCS (Mains) 2003 Paper-II 

Ans.  : Given, 

L = 1
r

 and  
1

S =
2

r
  the  total angular momentum 

quantum number J,  

           J = L S , | L S |− +
r rr r

 

      
1 1

J 1 , 1
2 2

= − +   

          
1 3

J ,
2 2

=  

 For an electron in an atomic system, the spin-orbit 
interaction is expressed as    

        [ ) ( ) ( ]1 2L.S J (J 1 L L 1 S S 1 h
2

= + − + − +
ur r

 

For J = 
3

,
2

 

( ) 21 3 3 1 1
L.S 1 1 1 1 1 h

2 2 2 2 2

    = + − + − +    
    

rr
 

    
1 3 5 3 12 2L.S 2 h h
2 2 2 4 2

  
  
  

= − − =
rr

 

For J = 
1

,
2

 

( ) 21 1 1 1 1
L.S 1 1 1 1 1 h

2 2 2 2 2

    = + − + − +    
    

rr
 

        2 21 1 3 3
L.S 2 h h

2 2 2 4

  = − − = −  
  

rr
 

 The two   possible values of the spin-orbit coupling for 

L = 1 and S =  
1

2
 are 

2
2h

and h
2

 

Q. oMee&FS efkeâ yeue: ( ) ˆ ˆ ˆ2 2F = 2xy + z i + x j+ 2xzk
r

Skeâ 

mebjef#ele yeue nw~ Fmekeâe efmLeefle heâueve %eele keâerefpeS~ 
 Show that the force 

 ( ) ˆ ˆ ˆ2 2
F = 2xy + z i + x j + 2xzk
r

is a conservative 

force. Find its potential function. 

UPPCS (Mains) 2006 Paper-I 

Ans. : Force F
r

= (2xy + z
2
) 2i x j 2x z k+ +$ $  is  a  

conservative force, we need to prove  that its curl is 
zero.   

 Calculate the curl of F   

The curl of F is given by, 

2 2

i j k

F / x / y / z

2xy z x 2x z

∇× = ∂ ∂ ∂ ∂ ∂ ∂

+

  

Expand the determinant   

 ( ) ( ) ( ) ( )2 2F i 2xz x J 2xz 2xy z
y z x z

 ∂ ∂ ∂ ∂ ∇× = − − − +   ∂ ∂ ∂ ∂  
 

( ) ( )2 2
k x 2xy z

x y

 ∂ ∂
+ − + ∂ ∂ 

 

Simplify the curl  

F i(0 0) j(2z 2z) k (2x 2x)

ˆ ˆ ˆF 0i 0 j 0k 0

∇× = − − − + −

∇× = + + =
  

Conclusion   

Since the curl of F is zero, F is a conservative force.  

Find the potential function: 

To find  the potential  function V (x, y, z) such  that  F =  

– V,∇  we need to solve  the  following  equations: 

 2v / x 2xy z−∂ ∂ = +  

   2v / y x−∂ ∂ =  

   v / z 2xz−∂ ∂ =   

Integrate the first equation  

      ( ) ( )2V x, y,z 2xy z dx= − +∫  

    ( ) ( )2 2V x,y,z x y z x f y,z= − − +  

Differentiate V with respect to y and compare with the 
second equation   

2 2v/ y x f / y x∂ ∂ = − + ∂ ∂ = −  

This implies that  ( ) ( )f / y 0. So f y,z g z∂ ∂ = =  

 Differentiate V with respect to z and compare with the 
third equation   

                  ( )v / z 2xz g ' z 2xz∂ ∂ = − + = −  

This implies that g'(z) = 0, so g(z) = c potential function  

V (x, y, z) = – x
2
 y – z

2
 x + c  

The potential function is V (x, y, z) = – x
2
 y – z

2
 x + c 

Where, c is a constant. 

Q.    A charge of 2 micro-coulomb is moving with 

velocity ( ) 6ˆ ˆv i j 10= + × m/sec in a uniform 

electric field ( ) 6ˆ ˆ ˆE 2i 3j 4k 10= + − × volt/m, and 

magnent field ( )ˆ ˆ ˆB i j k= + +  Weber/m
2
. 

Calculate the net force acting on the charge. 

Here ˆ ˆ ˆi, j, k denote, respectively, the unit 

vectors along the x, y and z axes. 
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  2 ceeF›eâes ketâueece keâe Skeâ DeeJesMe 

( )ˆ ˆν 6= i + j ×10 ceeršj/mes kesâ Jesie mes Skeâ mece efJeÅegleerÙe 

#es$e ( ) 6ˆ ˆ ˆE 2i 3j 4k 10= + − ×  Jeesuš/ceeršj leLee 

ÛegcyekeâerÙe #es$e ( )ˆ ˆ ˆB i j k
−
= + + Jesyej/ceeršj2

 ceW ieefle keâj 
jne nw~ DeeJesMe hej keâeÙe&jle kegâue yeue keâe ceeve %eele 
keâerefpeS~ ÙeneB ˆ ˆ ˆi, j, k ›eâceMe: x, y, z De#eesW kesâ DevegefoMe 
Skeâebkeâ meefoMe nQ~ 

 UPPCS (Mains) 1996 Paper-II 

Ans. : Given,  Velocity 6ˆ ˆv (i j) 10 m / sec= + ×
r

 

Charge q = 2 micro-coulomb = 2×10
–6

C 

Electric field ( ) 6ˆ ˆ ˆE 2i 3j 4k 10 volt / m= + − ×
r

 

Magnet field ( ) 2ˆ ˆ ˆB i j k Weber / m= + +
r

  

• Calculate the cross-product ( v
r

× B
r

)  

6 6

i j k

v B 10 10 0

1 1 1

× =
rr

 

v
r

× B
r

 = ( )6 6 6 6ˆ ˆi(10 1 1 0) j(10 1 1 0) k 10 1 10 1× − × − × − × + × − ×  

6ˆ ˆ ˆv B (1i 1j 0k) 10 volt / m× = − + ×
rr

 

• Calculate net force (F)- 

 ( )F q[E v B ]= + ×
r r rr

 

6 6ˆ ˆ ˆ ˆ ˆ ˆ[E (v B)] [(2i 3j 4k) 10 (1i 1j 0k) 10 ]+ × = + − × + − + ×
r rr

 

6ˆ ˆ ˆ(3i 2 j 4k) 10 volt / m= + − ×  

( )F q[E v B ]= + ×
r r rr

 

F
r

 = (2 × 10
–6

) × 6ˆ ˆ ˆ[(3i + 2j – 4k) × 10 volt / m]  

( )6 6 ˆ ˆ ˆF 2 10 10 3i 2 j 4k−= × × × + −
r

 

ˆ ˆ ˆF 6i 4j 8k= + −
r

 

So, Net force acting on the charge- 
ˆ ˆ ˆF (6i 4 j 8k)N= + −

r
 

Magnitude of the force is- 

( ) ( ) ( )2 2 2
F 6 4 8= + + −
r

 

F 36 16 64 116= + + =
r

 

F 10.77 N≈
r

 

Background of Vector Calculus, 

Concept of line, Surface and Volume 

Integrals, physical meaning of 

gradient, divergence and curl, Gauss’s 

and Stoke's theorem and Applications 
Q. Skeâmeceeve DeeJesefMele Deæ&Je=òeerÙe Ûeehe kesâ kesâvõ hej efJeÅegle 

#es$e %eele keâerefpeS~ 
 Find the electric field at the center of a 

uniformly charged semicircular arc. 
UPPCS (Mains) 2013 Paper-II 

Ans. Consider a semi-circular arc of radius R and total 
charge Q. 

The linear charge density is (λ) = 
Q

Rπ
 

Consider an infinitesimal charge element dq = λRdθ at 

an angle θ from the horizontal axis. 

The electric field dE at the center points radially away 
from dq. 

By symmetry, the horizontal components of the electric 
field from elements on either side cancel out. Only the 
vertical components (Perpendicular to the diameter) add 
up. 

The vertical component is dEy = dE sin (θ). 

The magnitude of dE is given by coulomb's law: 

2 2

kdq k Rd k
dE d

R R R

λ θ λ
= = = θ  

Where, 
o

1
k

4
=

πε
 

Now, the total electric field is the integral of the vertical 

components from θ = 0 to θ = π : 

RE ( ) ( )y
0 0 0

k
dE dEsin sin d

R

π π π λ
= = θ = θ θ∫ ∫ ∫  

The constant terms can be taken out of the integral  

0

k
E sin d

R

πλ
= θ θ∫  

The integral of sin (θ) is (–cosθ) 

( ) ( ) ( )( )
0

k k
E – cos cos – ( cos 0

R R

πλ λ
= θ = − π −    

( ) ( )( ) ( )k k 2k
E – –1 – –1 1 1

R R R

λ λ λ
= = + =  

Substitute 
o

Q 1
and k

R 4
λ = =

π πε
 back into the 

equation 

2 2 2 2 2 2

o o o

2kQ 2 1 Q 2Q Q
E

R R 4 4 R 2 R

   = = = =   π πε π π ε π ε  
 

The electric field at the center of a uniformly charged 

semicircular arc is: 

 
2 2

o

2k Q
E

R 2 R

λ
= =

π ε
 

Q.   –∇2

0

e
V =

ε
mecyevOe keâes mLeeefhele keâerefpeS~ Establish 

the relation –∇2

0

e
V =

ε  
UPPCS (Mains) 2013 Paper-II 

Ans.  Gauss's law in electrostatics :- 

0

e
E∇⋅ =

ε
 

Electric field is negative gradient of the electro-static 

potential : 

E V= −∇  
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Substitute into Gauss's law– 

( )
0

2

0

e
. V

e
V

∇ −∇ =
ε

−∇ =
ε

  

2

0

e
V∇ = −

ε
 

Q.  iee@me efveÙece keâe DeJekeâueve ™he Øeehle keâerefpeS~  
   Derive the differential form of Gauss law.  

UPPCS (Mains) 2013 Paper-II 

Ans. According to Gauss's law, the electric flux through 
a closed surface is proportional to the enclosed charge 
Qinside   

 inside

obox

1
E dA Q⋅ =

ε∫
urr

 

But the enclosed charge is expressed as the volume 
integral of the charge density ρ 

 Qinside = 
box

dρ τ∫  

So we have, 

 
obox box

1
E dA d⋅ = ρ τ

ε∫ ∫
urr

 

Applying the Divergence theorem to the left-hand side 
of this equation tells us that 

 
oinside box

1
E d d∇⋅ τ = ρ τ

ε∫ ∫
urr

 

For any closed box, this means that the integration 
themselves must be equal, i.e. 

 
o

E
ρ

∇ ⋅ =
ε

ur ur
 

This is the differential form of Gauss’s law. 

Q.   Ùeefo efJeÅegle #es$e ˆ ˆ ˆE = 8x + 4y + 3z
r

Éeje ØeoefMe&le nes, 
lees x – y meceleue ceW 200 FkeâeF& #es$eHeâue kesâ leue Éeje 
efJeÅegle ØeJeen keâer ieCevee keâerefpeS~  

  If the electric field is given by ˆ ˆ ˆE = 8x + 4y + 3z
r

, 

calculate the electric flux through surface of 
area 200 units lying in the x-y plane 

UPPCS (Mains) 2013 Paper-II 

Ans. The electric field vector is given as. 

ˆ ˆ ˆE 8x 4y 3z= + +
r

 

The surface area is A = 200 units  
The surface lies in the x-y plane. 
Determine the area vector  
A surface in the x-y plane has its beta vector directed 
along the z-axis. 

Therefore, the area vector A
r

is: ˆ ˆA Az 200z= =
r

 
Calculate the electric flux – 

The electric flux ( )E
φ through a surface is given by the 

dot product of the electric field vector and the area 
vector: 

E
E.Aφ =
rr

 

 The vectors into the equation: 

( ) ( )E
ˆ ˆ ˆ ˆ8x 4y 3z . 200zφ = + +  

Using the properties of the dot product for unit vectors  

( )ˆ ˆ ˆ ˆ ˆ ˆx.z 0, y.z 0,z.z 1= = =  

( ) ( ) ( )E
8 0 4 0 3 200φ = × + × + ×  

E
0 0 600φ = + +   

E
600φ = unit 

Q.   E = –∇V mecyevOe keâes mLeeefhele keâerefpeS~ 
   Establish the relation E = –∇V. 

UPPCS (Mains) 2012 Paper-II 

Ans.  Relation between Electric Field and Potential:- 

Electric field (E) = 
F

q
 

The work done (dw) in a moving charge (q) through a 
distance (dl) in an electric field (E) is 
 dw = F. dl = qE . dl 
The potential difference (dV) is defined as the work 
done per unit charge.  

 
dw

dV
q

= = E.dl 

Gradient of potential:-  
For a conservative electric field the potential (V) is 
scalar function of position. The gradient of potential 
(∇V) is  

 dV = ∇V. dl 
The work done by an external agent to move the charge 
Fext. dl and Fext = – Felectric 

dwext = – Felectric. dl = – qE.dl 
Thus, the potential difference is:  

 ext
dw

dV E.d
q

= = − l  

Comparing this with dV = ∆V. dl 

 E = – ∇V 

The relation E = – ∇V shown that the electric field is 
negative gradient of electric potential.  
Q.   kesâvõerÙe yeue keäÙee nw ? oMee&FÙes efkeâ kesâvõerÙe yeue meowJe 

™efÌ{Jeeoer nesles nQ ~ Ùeefo Skeâ keâCe kesâvõerÙe yeue F kesâ 
Devleie&le JÙeJenej keâjlee nw, lees oMee&FÙes efkeâ yeue F 
efmLeeflepe Tpee& kesâ $e+Ceelcekeâ ØeJeCelee kesâ yejeyej nw leLee 
Fmekeâe keâue& nceWMee MetvÙe neslee nw~ 

 What are central forces? Show that the central 
forces are always conservative. If a particle is 
under the influence of a central force F, show 
that the force F is the negative gradient of 
potential energy and curl of it is always zero. 

UPPCS (Mains) 2021 Paper-I 

Ans.: Central force:- A central force is defined as a 
force that always act along the line joining a particle 
and a fixed point, which is called the centre of force. 
The magnitude of such a force depends only on the 
direction. Thus, if a particle is at a distance 'r' from the 
centre the force acting on it is of the form.  

F = F (r) r̂  
Central forces are conservative:- A force is said to be 
conservative if the work done by it in moving a particle 
from one point to another is independent of the path 
taken and depends only on the initial and final positions. 
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For a central force, this condition is naturally satisfied 
because its magnitude depends only on the radial 
distance and its direction is always radial.  
To prove this mathematically, consider that the work 
done in moving a particle under a central force from r1 
to r2 is- 

( )2

1

r

r
W F r dr= ∫  

Existence of potential energy for a central force:- 
Because the force is conservative, it is possible to define 
a potential energy function associated with it. Let the 
potential energy be a function of 'r' only, denoted by 
V(r). We define the potential energy as- 

( ) ( )
r

0
V r F r ' dr '= −∫  

( )dV
F r

dr
= −  

In vector form, the gradient of V is  

dV
ˆV r

dr
∇ =  

( ) ˆV F r r F−∇ = − =
r
 

Curl of central force:- Another important criterion for 
a conservative force is that its curl must vanish. Since a 
central force is expressible as the negative gradient of a 
scales potential V, we use the identify 

∇ × (∇V) = 0 

∇ × F
r

 = ∇ (–∇V) = 0  
This means that the curl of a central force is zero 
everywhere (except possibly at the origin if the force 
becomes infinite there). The vanishing curl is thus 
another proof that central forces are conservative.  
Conclusion:- A central force is radial force whose 
magnitude depends only on the distance from a fixed 
centre. Such forces are always conservative, because the 
work done by them is independent of the path of 
motion. They can be derived from a scaler potential 
V(r), and mathematically, 

F = – ∇V. 

Q. efmLej-JewÅegle #es$e kesâ efueS [eFJepexvme (DehemejCe) Deewj 
keâue& kesâ JÙebpekeâ efueefKeS~ Fvemes hJeemeeW Deewj ueehueeme 
meceerkeâjCeeW keâes Øeehle keâerefpeS~ 

 ef$epÙeeDeeW r1 Deewj r2(r1 < r2) keâer oes mebkesâvõer megÛeeuekeâ 
ieesueerÙe keâesMeebs keâes ›eâceMe: V1 Deewj V2 efJeYeJe hej 
DeeJeesefMele efkeâÙee peelee nw~ Gve oesveesb kesâ yeerÛe Deblejeue ceW 
efJeÅegle efJeYeJe Deewj Dele: efJeÅegle-#es$e keâer ieCevee keâerefpeS~ 
Deevleefjkeâ keâesMe hej DeeJesMe keâer cee$ee keâes Yeer %eele 
keâerefpeS~ 

 Write expression for divergence and curl of an 
electrostatic field. From these, obtain Poisson 
and Laplace equations. 

 Two concentric conducting spherical shells 
having radii r1 and r2 (r1 < r2) are charged to 
potentials V1 and V2, respectively. What is the 
electrode potential and hence electric field in the 
space between the shells? Also find the charge 
on the inner shell.  

UPPCS (Mains) 2019 Paper-II 

Ans. Divergence and curl of an electrostatic field :- 

For electrostatics 

Maxwell’s equation given 

0

.E
ρ

∇ =
ε

 

E 0∇× =  
Because E 0∇× = there exists a scalar potential V(r) 

with 

E = – ∇V 

Poisson and Laplace equation :- 

We know the divergence of E = – ∇V 

∇E = – ∇.(∇V) = – ∇2
V 

( ) ( )2

0

r
V r

ρ
∇ = −

ε
 

∇2
V(r) = 0 

Two concentric conducting spherical shell:-  

Assume spherical symmetry and region between shell r1 

< r < r2 is charge free, so Laplace’s equation in 

spherical symmetry lead to the general radial solution 

( ) 1 2

B
V r A , r r r

r
= + < <  

( ) ( )1 1 2 2
V r v , V r v= =  

( )1 2 1 2 2 2 1 1

2 1 2 1

V V r r V r V r
B , A

r r r r

− −
= =

− −
 

( ) ( )
( )
1 2 1 22 2 1 1

1 2

2 1 2 1

V V r rV r V r
V r , r r r

r r r r r

−−
= + < <

− −
 

Electric field between the shells :- 

( ) 2

dV B
ˆ ˆE r r r

dr r
= − =  

( ) ( )
( )

1 2 1 2

1 22

2 1

V V r r
ˆE r r r r r

r r r

−
= < <

−
  

Charge on the inner shell :- 

Use Gauss’s law just out side radius r1 the total charge 

on the inner shell is  

( )
1

2

1 0 0 1 1 0
r r

Q E.dA E r 4 r 4
=

= ε = ε π = πε β∫  

( )1 2 1 2

1 0

2 1

V V r r
Q 4

r r

−
= πε

−
 

Q.  ketâue@ecye kesâ efveÙece keâes meleled DeeJesMe efJelejCe kesâ efueÙes 
meefoMe Øee™he ceW efueefKeS~ r ef$epÙee kesâ Skeâ ieesueerÙe uethe 
keâer heefjefOe hej q DeeJesMe meceeve ™he mes efJeleefjle nw~ 
uethe kesâ uecyeJeled kesâvõ mes z otjer hej efJeÅegle #es$e %eele 
keâerefpeS~   

  State Coulomb's law in vector form for a 

continuous charge distribution Charge q is 

uniformly distributed along the circumference 

of a circular loop of radius r. Find the electric 

field at a distance z above the centre along the 

normal to the loop. 

UPPCS (Mains) 2003 Paper-II 



 

General Physics & Mechanics 9 YCT 

Ans. Coulomb's law in vector form for a continuous 
charge distribution:– 
F21 is the force exerted on the charge q, them 
according to coulomb’s law. 

12

1 2
21

2

0 12

q q1
F r

4 r
=

πε

r
$   ........ (i) 

1 2
12 21

2

0 21

q q1
F r

4 r
=

πε

r
$   ........ (ii) 

21 12
r r= −
r r

  ........ (iii) 

( )12

1 2
12

2

0 12

q q1
F r

4 r
= −

πε

r
$  

Put (iii) in (ii), 

 12 21F F= −
r r

   
For a continuous charge distribution the electric field at 
point π is  

( )
3

0

1 r r '
E r dq '

4 | r r ' |

−
=

πε −∫  

Where r' run over the source charge position and dq' is 
the element of charge.  
Consider a uniformly distributed circular ring of total 
change 'Q' along circle with radius 'a'. 
To find E at the point on the axis at distance z above the 
ring centre.  
Choose coordinate so the ring lies in the xy plane 
centered at the origin.  

ˆ ˆr ' a cos x a sin y,dq ' a d= φ + φ = λ φ  

With linear charge density λ = Q / (2π a) 

The field point ˆ ˆ ˆr 0x 0y z z= + +  

The vector from source to field point is  

ˆ ˆ ˆr r ' a cos x a sin y zz− = − φ − φ +  and its magnitude is 

2 2
a z+ (independent of φ) 

By symmetry the x, y components cancel upon 
integrating over φ,  
So,  

( )
z 3 / 2

2 2
0

1 z
E dq '

4 a z
=

πε +
∫  

( )3 / 2
2 2

0

1 z

4 a z

⋅
=

πε +
 

The integral of dq' over the ring is Q 

( )
( )

3

2 20 2

1 Qz
ˆE 0, 0.z z .

4
a z

=
πε

+

   

Q. efJeÅegle #es$e meefoMe E
r

keâe DehemejCe Deewj kegbâleue %eele keâerefpeS~ 
 Find the curl and divergence of the electric field 

vector E
r

. 
UPPCS (Mains) 2003 Paper-II 

Ans: For electrostatic charge distribution the electric 
field is conservative and electric field is a negative 
gradient of the scalar potential.  

( ) ( ) ( )
( )3 / 2

2 z
0

1 zq
E r v r , v r

4 a z
= −∇ =

πε +
 

Then ∇ × E = 0 
Everywhere the field is well behaved (away from the 
source location).  
The curl divergence of a static electric field vector E. 

Curl : ∇ × E = 0 
Divergence, 

0

E
δ

∇ ⋅ =
ε

 

Where, δ is the volume charge density. 

 (c).  efmeæ keâerefpeS efkeâ Skeâ mebj#eer yeue F kesâ efueS 
∇×F = 0    

  Prove that for a conservative force F.  

∇×F = 0  
UPPCS (Mains) 2010 Paper-I 

Ans.:Let’s prove that for a conservative force F, the 
curl of F is zero, i.e. 

 ∆ × F = 0 
A vector field F is conservative if there exists a scalar 
potential function v(r) such that, 

 F = –∇v 
This means each component of F can be written as  

( )x y z

v v v
F F , F , F , ,

x y z

 ∂ ∂ ∂
= = − − − ∂ ∂ ∂ 

 

Compute the curl of F 
Now compute,  
 ∇ × F = ∇ × (-∇v)  
This means the curl of a gradient is always zero, 
provided the field is continuously differentiable  

  ∇ × F = – ∇ × (∇v) = – 0= 0  
Therefore, for any conservative force field 

F F 0= ∇× =  

Kinematics, Laws of motion, force and 

acceleration  equations of motion, kinetic 

and potential energy, linear and angular 

momentum, work, energy and power, 

conservation of energy and momentum, 

Conservative  and non-conservative forces  

Q. Show that the force field 

( ) ^^ ^2 2
F = 2xy + z i+ x j+ 2xz k
→

is a conservative 

force field.     

 oMee&FS efkeâ yeue #es$e ( )^ ^^2 2
F = 2xy + z i+ x j+ 2xz k
→

 

mebj#eer yeue #es$e nw~  
UPPCS (Mains) 2017 Paper-I 

Ans. Here, the given force field is F 

ˆ ˆ ˆF Pi Qj Rk= + +
r

 

Where, P = 2xy + z
2
 

 Q = x
2

 

 R = 2xz 

A force field is conservative if its curl is zero, which is 

equivalent to checking if the following partial 

derivatives are equal. 



 

General Physics & Mechanics 10 YCT 

 
Q R

z y

∂ ∂
=

∂ ∂
 

 
P R

z x

∂ ∂
=

∂ ∂
 

 
P Q

y x

∂ ∂
=

∂ ∂
 

Now,   ( )2Q
x 0

z z

∂ ∂
= =

∂ ∂
 

 ( )R
2xz 0

y y

∂ ∂
= =

∂ ∂
 

 ( )2P
2xy z 2z

z z

∂ ∂
= + =

∂ ∂
 

 ( )R
2xz 2z

x x

∂ ∂
= =

∂ ∂
 

 ( )2P
2xy z 2x

y y

∂ ∂
= + =

∂ ∂
 

 ( )2Q
x 2x

x x

∂ ∂
= =

∂ ∂
 

After comparing 

 
Q R

0 0
z y

∂ ∂
= ⇒ =

∂ ∂
 

 
P R

2z 2z
z x

∂ ∂
= ⇒ =

∂ ∂
 

 
P Q

2x 2x
y x

∂ ∂
= ⇒ =

∂ ∂
 

(c). Combine components and conclude: 
Substituting these partial derivates back into the 
formula: 

∂ × F = I (0 – 0) –J (2z – 2z) + K (2x – 2x)  
This simplipies to:  

 ∂ × F = 0I + 0J + 0k = 0 
Since, the curl to the force field is the zero vector 
everywhere, the force field F is a cosnservative force 
field.  

Q.  What is mean by rotating frame of reference? 
If frame S' is rotating with a uniform angular 
velocity with respect to a frame S and the axis 
of both frames are coincident at t=0, then 
establish the Galilean transformations between 
the position co-ordinates, velocity and 
acceleration. 

  Ietceles ngS efveoxMe øesâce keâe keäÙee DeeMeÙe nw ? Ùeefo øesâce S'  
øesâce S kesâ meehes#e meceeve keâesCeerÙe Jesie mes IetCe&ve keâj jne 
nw SJeb oesveeW øesâceeW kesâ De#e t = 0 meceÙe hej mecheeleer nw, 
lees iewueerueerÙeve ¤heevlejCe, efmLeefle efveoxMeebkeâ, Jesie SJeb 
lJejCe kesâ yeerÛe mLeeefhele keâerefpeS~  

UPPCS (Mains) 2017 Paper-I 

Ans. A roatating frame of reference non-inertial is a co-
ordinate system used by an observer to measure the 
position, velocity and acceleration of objects. 

A rotating frame of reference- 

A rotating frame of reference is a non-inertial frame of 

reference that is rotating with respect to an inertial 
frame of reference.  

1. Inertial frame- A frame that is either at rest or 
moving with a constant. Linear velocity Newton's first 
law of motion holds true in this frame.  
2. Non inertial frame- A frame that is a accelerating 
with respect to an inertial frame. Since rotation involves 
a charge in the direction of velocity, a rotating frame is 
always a non-inertial frame. In this frame, fictitious 
force appear necessary to explain the motion of objects.  
Galilean Transformations Between the frames:- 
Consider an inertial frame S and a frame S rotating with 
a constant uniform angular velocity ω relative to s. The 
origin of both frames coincide and their axis were 
aligned at time t = 0. The following transformations 
relate the physical quantities measured those S:  
Position Co-ordinates:- The position vector r of a 
particle is the same regardless of which frame it is 
measured in because the origins of the two frames are 
coincident: 

 r' = r → Position 
This is the position Galilean transformation  
Velocity:- The velocity measured in frame are reloaded 
by the following equation;  

v = v' + ω× r' 

This equation shows that the velocity observed in the 
inertial frames (s) is the sum of the velocity observed in 
the rotating frame (s) and the velocity due to the 

rotation of the frame itself (ω × r') 

Acceleration- The acceleration measured in frame's 'a' 
are related by a more complex transformation:  

a = a' + 2ω × v' + ω× (ω× r') 

The terms added to a' on the right-hand side are due to 
the rotation;  

• 2ω × v': This is the coriolis acceleration term. 

• ω× (ω× r'): This is the centripetal acceleration term, 
directed toward the axis of rotation from the perspective 
of an observer in the rotating frame's the equation can 
be rearranged to express a':  

 a' = a – 2ω × v' – ω' 

The terms subtracted from a associated with the 
fictitious process experienced in the rotating frame the 
coriolios force and the centrifugal force. 

Q.  What is linear momentum ? Prove that in 
absence of external force on a system of 
particles, the total linear momentum of the 
system is conserved.  

  jsKeerÙe mebJesie keäÙee nw? efmeæ keâerefpeS efkeâ keâCeeW kesâ 
efvekeâeÙe keâe yee¢e yeue keâer DevegheefmLeefle ceW efvekeâeÙe keâe 
mechetCe& jsKeerÙe mebJesie mebjef#ele neslee nw~ 

UPPCS (Mains) 2017 Paper-I 

Ans. Linear momentum- linear momentum is the 
product of an object is mass and velocity. It’s measure 
of an object’s tendency to keep moving in a straight 
line. Linear momentum is represented as  

 p = m × v 

Where,  

 m = mass 

 v = velocity 

Conservation of Linear Momentum:- The law of 
conservation of linear momentum states that If no 
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external force acts on a system of particles, the total 
linear momentum of the system remains constant.  
Consider a system of particle's with masses M1, M2 ----- 
Mn and velocities V1, V2 ----- Vn. The total linear 
momentum of the system is:  
p = M1V1 + M2V2 + -------- + MnVn  
According to Newton’s second law, the force acting on 
the i

th
 particle is:  

Fi = Mi × ai = Mi × (dpi/dt) 
Summing over all particles, the force acting on the 
whole system is  

Fnet = ( )n n ni

i ii 1 i 1 i 1

dp d dP
F P

dt dt dt= = =
= = =∑ ∑ ∑  

If no external force acts on the system Fnet = 0 
Therefore: dp/dt = 0 
This implies that the total linear momentum p is 
constant. 
 p = constant  
Thus, in the obsence of external force, the total linear 
momentum of the system remains conserved.   
Q. Skeâ je@kesâš kesâ efmeæeble keâe JeCe&ve keâerefpeS~ je@kesâš kesâ 

Debeflece Jesie kesâ efvecveefueefKele JÙebpekeâ keâes efveie&efcele 
keâerefpeS~ 

 o

0 e

M
V V vlog

M
= +  

 Ùen Yeer efmeæ keâerefpeS efkeâ peye 2o
M

c
M

=  nesiee leye 

je@kesâš keâer Ûeeue, Fkeâpemš (Exhaust) kesâ Ûeeue keâer oes 
iegveer nes peeÙesieer~ (peneB mebkesâlekeâeW kesâ meeceevÙe DeLe& nQ) 

 Describe the principle of a rocket. Establish the 
following relation for the final velocity of a 

rocket o

0 e

M
V = V + v log

M
also show that the 

rocket speed is twice the exhaust speed, when 

2o
M

= e
M

(Where the symbols have their usual 

meanings) 
UPPCS (Mains) 2015 Paper-I 

Ans. A rocket moves forward by the Principle of 
conservation of momentum.  
When the rocket throws out part of its mass (gases) with 
high speed in the backward direction, an equal and 
opposite momentum is gained by the rocket in the 
forward direction. Since no external force acts on the 
system in free space, the total momentum of the system 
remains constant and the rocket accelerates as its mass 
decreases. 
Let,  
Mass of rocket = M 

Velocity of rocket = V 

Exhaust speed relative to rocket = v (directed backward) 

Initial mass = M0, final mass = M 

Initial velocity = V0 

Momentum conservation 

Initial momentum : Pi = MV 

Final momentum :  

• Momentum of rocket (M + dM) (V + dV) 

• Momentum of ejected gas (– dM) (V – v) 
(Exhaust gas move backward with speed v relative to 
rocket) 
Momentum conservation : 
MV = (M + dM) (V + dV) + (–dM) (V – v) 
Ignoring the second - order term dM, dV  
  0 = MdV + vdM 
Thus,  

 dV = 
v

dM
M

−  

Integrate from M0 to M and V0 to V  

 
0 0

V M

V M

dM
dV v

M
= −∫ ∫  

 0

0

M
V V vln

M

 
− =  

 
 

Hence rocket velocity equation 

 0

0

M
V V vln

M

 
= +  

 
 

Condition for Rocket speed = Twice Exhaust speed 
Given, 

 
20

M
e

M
=  

Substituting in rocket equation  
 V – V0 = v.ln (e

2
) = v⋅2 = 2v 

Thus 
 V – V0 = 2v 
This means, if the mass ratio of the rocket is e

2
, then its 

speed gain becomes twice the exhaust speed.   
Q.  efkeâmeer meefoMe #es$e kesâ jsKee meceekeâueve mes Deehe keäÙee 

mecePeles nQ? efoKeeFÙes efkeâ JewÅegle #es$e E
r

 mebj#eer nw~ 
What do you mean by line integral of a sector 

field? Show that electric field E
r

 is 
conservative. 

UPPCS (Mains) 2012 Paper-II 

Ans.    Line integral of a vector field:- The line 
integral of a vector field represents the work done by 
the field in moving a particle along a specific path. 

The line integral of a vector field F
r

along curve C is  

  F.dl∫
urr

  

This represent the work done by force F
r

in moving a 
particle.  
Electrical field is conservative in nature:- 

 
Consider a charge Q placed in an electric field placed at 
points A and B. A to B is a closed path work is done by 
electric field to move a test charge from point A to B.     

The line integral of electric field along A to B 
B

A
E.d∫
uurr
l   
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The line integral of electric field along B to A  

 
A

B
E.d∫
uurr
l  

Hence, line integral along closed path is the sum of two 
integrals. 

B A

A B
E.d E.d+∫ ∫
uur uurr r
l l   

But, 

 
B A

A B
E.d E.d+∫ ∫
uur uurr r
l l  

This shows that line integral of an electric field along a 
closed path is zero.  
Hence, work done by electric field is independent of 
path which means it depends only on points A and B.  
Hence, we can prove that electric field is conservative 
in nature.  

Q.  1.02 MeV Jeeues ieeflepe Tpee& kesâ Skeâ Fueskeäš^e@ve keâer 
Ûeeue SJeb mebJesie keâer ieCevee keâerefpeÙes~ Fueskeäš^@eve keâe 
efJejece õJÙeceeve 9.1×10

–31
 efkeâ. «ee. nw~ 

  Calculate the speed and momentum of an 

electron of kinetic energy 1.02 MeV. Rest mass 

of electron is 9.1 × 10
–31

kg. 

UPPCS (Mains) 2018 Paper-I 

Ans. Given, 

Kinetic energy (K) = 1.02 MeV 

                             = 1.02×10
6
×1.602×10

–19 

                             = 1.634×10
–13

 J 

Rest mass electron (m0) = 9.1×10
–31

 kg 

Speed of light (C) = 3×10
8
 m/sec 

Speed (v) = ? 

Momentum (p) = ? 

                        E = E0 +K. 

                        E = m0C
2
 + K 

Where, 

               0

E Totalenergy

E Rest massenergy

K Kineticenergy

=

=

=

  

               
( )

2

0 0

2
–31 8

E m C

9.1 10 3 10

=

= × × ×
 

                –14

0
E 8.19 10 J= ×  

          ( )2
–31 8 –13

E 9.1 10 3 10 1.634 10= × × × + ×  

            –31 16 –139.1 10 9 10 1.634 10= × × × + ×  

    –14 –138.19 10 1.634 10= × + ×  

          –13E 2.453 10 J= ×  

          0

–13

–14

E

E

2.453 10

8.19 10

γ =

×
γ =

×

 

          2.995γ =  

          
2

1
v C 1–=

γ
 

           
( )

8

2

1
v 3 10 1 –

2.995
= ×  

           8v 2.83 10 m / sec≈ ×  
Momentum (p) = 

0
m vγ  

                –31 82.995 9.1 10 2.83 10= × × × ×  
              –22p 7.713 10 kg.m / sec= ×  

Q.  Skeâ "esme yesueve Je Skeâ "esme ieesues keâer ef$epÙeeDeeW keâe 
Devegheele 1 : 2 nw~ Ùeefo Gvekesâ mJeÙeb keâer De#e kesâ heefjle: 
peÌ[lJe DeeIetCe& meceeve nes lees Gvekesâ õJÙeceeveeW keâe 
Devegheele keäÙee nesiee? 

  The ratio of radii of a solid cylinder and a solid 
sphere is 1 : 2 if the moment of inertia about 
their own axis is equal then what will be the 
ratio of their masses? 

UPPCS (Mains) 2018 Paper-I 

Ans. The Moment of Inertia formulas Solid cylinder 
about its own axis  

Icyl 
2

cyl cyl

1
m R

2
=  

Solid sphere about its diameter  

2

sph sph sph

2
I M R

5
=  

Given Ratio and Equality  
Radii ratio  

Rcyl ∼ Rsph = 1:2 ⇒ Rsph = 2Rcyl 
Moments of inertia are equal 
 Icyl = Isph 

Set up the Equation  
Substitute the formulas and the radius relation  

 ( )2
2

cyl cyl sph cyl

1 2
M R M 2R

2 5
=  

Simplify the right – hand Side 

 2 2

sph cyl sph cyl

2 8
M 4R M R

5 5
⋅ =  

So the equation become  

 2 2

cyl cyl sph cyl

1 8
M R M R

2 5
=  

Cancel 
2

cyl
R from both sides. 

 
cyl sph

1 8
M M

2 5
=  

Soles for the Mass Ratio 
Multiply both sides by 2. 

 Mcyl =
 16

5
Msph 

Thus Mcyl : Msph = 16 : 5 
Q.  ØelÙeemLe leLee DeØelÙeemLe mebIe<e& mes Deehe keäÙee mecePeles   

nQ ? m1 Deewj m2 õJÙeceeve kesâ oes efheC[ ›eâceMe: u1 Je u2 
Jesie mes ieefleMeerue nw~ ØelÙeemLe mebIe<e& kesâ heMÛeeled Gvekesâ 
Jesie %eele keâerefpeÙes~ 

  What do you understand by the elastic and 
inelastic collisions? Two bodies of masses m1 
and m2 are moving with velocities u1 and u2 
respectively. Find their velocities after the 
elastic collision. 

UPPCS (Mains) 2018 Paper-I 
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Ans. Elastic and Inelastic collisions  

Elastic collision: 

• Momentum is conserved : The total momentum 
before the collision equals the total momentum after 
the collision.  

•  The Kinetic Energy is conserved : The total Kinetic 
energy before the collision equals the total Kinetic 
energy after the collision. 

•  Real-world examples : Collision between atomic 
particles, billiard balls (approximately), or steel ball 
bearings.  

 There is no permanent deformation or generation of 
heat. 

Inelastic Collision :   

•  Momentum is conserved : The total momentum 
before the collision equals the total momentum after 
the collision. 

•  Kinetic Energy is NOT Conserved : Some Kinetic 
energy is transformed into other forms of energy, 
such as heat sound, or energy of deformation. 

•  Perfectly Inelastic Collision :  This is a specific 
case where the two objects stick together after the 
collision and move with a common velocity. This 
results in the maximum possible loss of Kinetic 
energy. 

Velocities after elastic friction  
Suppose two bodies which mass is m1 and m2 and initial 
velocity is u1 and u2, final velocity is v1 and v2.  
The Principle of conservation of momentum  
m1 u1 + m2 u2 = m1v1 + m2v2  

Principle of conservation of Kinetic energy  

  2 2 2 2

1 1 2 2 1 1 2 2

1 1 1 1
m u m u m v m v

2 2 2 2
+ = +   

Substituting these equation, we get the formula. 

  1 2 2

1 1 2

1 2 1 2

m m 2m
v u u

m m m m

−
= +

+ +
  

 1 2 1

2 1 2

1 2 1 2

2m m m
v u u

m m m m

−
= +

+ +
  

1. If m1 is equal to m2 
 v1 = u2, v2 = u1 
That is, when the Masses are equal, the bodies change 
their velocities after collision. 
2. If m2 is very large and u2 = 0 (like hitting walls) 

 v1  u1, v2  0 
That is, the light body returns with the same speed.  
3. If m1 >> m2 and u2 = 0 

 v1  u1, v2 = 2u1 
That is, the velocity of heavier bodies, remaining 
unaffected and light bodies have velocity double. 
Q.  Show that the angular momentum of a system 

acted upon by a central force is conserved. 
Hence prove that the real velocity of a planet 
moving around the sun is constant.  

  oMee&FÙes efkeâ kesâvõerÙe yeue Éeje keâeÙe&jle efvekeâeÙe keâe 
keâesCeerÙe mebJesie mebjef#ele neslee nw~ leye efmeæ keâerefpeÙes efkeâ 
metÙe& kesâ heefjle: ieefleMeerue «en keâe #es$eerÙe Jesie efveÙele 
jnlee nw~   

UPPCS (Mains) 2016 Paper-I 

Ans. Angular momentum for a central force :   

 ( )F F r r=
r

$  

Then, torque on this planet   

r Fτ = ×
rrr
    

( ) ( )ˆr F r r fromequation.... iτ = ×
rr

Q  

( ) r r
ˆr F r r

r r
τ = × =

r r
rr

Q  

( ) ( )
F r

r r
r

τ = ×
r rr

 

0 r r 0τ = × =
r rr

Q  

dL
0

dt
=

r

, L constant=
r

 

Hence, under central force angular momentum of any 
planet or particle remains constant.  
Areal velocity of a planet is constant  
Let the magnitude of angular momentum  

L = mr
2θ  

The areal velocity  

2dA 1
r

dt 2
= θ   

Substitute r
2θ = 

L

M
 

dA L
constant

dt 2M
= =  

So,  

dA
constant

dt
=  

Q. jekesâš keâe keâeÙe& efmeæevle keäÙee nw? jekesâš kesâ Debeflece Jesie 
kesâ efueS efvecve met$e keâer JÙeglheefòe keâerefpeS~ 

         0
0 e

M
V = V + v log

M
 

 peneB ØeÙegkeäle heoeW kesâ meeceevÙe DeLe& nw~ jekesâš kesâ Jesie keâes 
efkeâlevee yeÌ{eÙee peeÙes efkeâ Jen he=LJeer kesâ Deekeâ<e&Ce #es$e mes 
heueeÙeve keâj peeÙes? efÉ–mlejerÙe jekesâš keâe Skeâ mlejerÙe 
jekesâš keâer leguevee ceW keäÙee ueeYe nw? 

 What is the working principle of a Rocket? 
Derive the following formula for the final 
velocity of a rocket.  

   0
0 e

M
V = V + v log

M
 

 Where the terms have their usual meaning. How 
much should the velocity of the rocket be 
increased so as to escape from the earth’s 
attracting field? What is the advantage of two 
stage rocket in comparison to single rocket? 

UPPCS (Mains) 2021 Paper-I 

Ans. Working principle of a rocket:- 
A rocket works on the basic principle of Newton's third 
law of motion, which states that for every action, there 
is an equal and opposite reaction. In a rocket, the 
burning of fuel produce hot gases at high pressure. 
These gases escape rapidly through the nozzle in the 
backward direction. The backward ejection of gases 
constitutes the action, and the rocket experiences a 
forward reaction, which propels it upward.  
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Unlike an aircraft, a rocket does not need air to push 
against, it carries both fuel and oxidizer. Therefore, it 
can work even the vacuum of space. The motion of the 
rocket arises solely from the conservation of linear 
momentum, as the momentum lost by the ejected gases 
equals the momentum gained by the rocket.  
Derivation of the rocket equation:- 
Consider a rocket of mass M moving with velocity V. 
During a small interval of time, it ejects a small mass 
dM of burnt gases with an exhaust velocity V relative to 
the rocket. Because the mass of the rocket decreases, we 
take dM as negative.   
Before ejection, the momentum of the system is – 

Pinitial = MV 
After ejection, the rocket's mass becomes M + dM and 
its velocity becomes V + dV. The ejected gas of mass-
dM moves backward with velocity V – v (because v is 
relative to the rocket).  
So, 
MV = (M – dm) (V + dV) + dm (V – v)    
By the law of conservation of momentum. 
Pinitial = Pfinal  
Expanding and neglecting second-order small 
quantities. 
MdV= vdM 
Rewriting,  

dV = 
vdM

M
 

Integrating between the limits 
When mass is M0, velocity is V0 
When mass reduces to M, velocity becomes; 

0 0

V M

V M

dM
dV v

M
=∫ ∫  

Thus,  

V – V0 = vln 0
M

M

 
 
 

 

Since ln (M/M0) = –ln(M0/M), we write the final result 
as:  
V= V0 + vln(M0/M) 
The equation is known as the Tsiolkovsky Rocket 
equation. 
Here,  

V = Final velocity 
V0 = Initial velocity 
v = Exhaust velocity of gases relative to the 

rocket 
M0 = Initial total mass of the rocket 
M = final mass after fuel is consumed 

Initial in velocity required for a rocket to escape 
earth         
Escape velocity is defined as the minimum speed that a 
body must have in order to overcome the gravitational 
attraction of the earth and reach infinite distance 
without further propulsion. 
It is given by:- 

esc
v 2gR=  
Using g = 9.8 m/s

2
 

R = 6.37 × 10
6
 m  

vesc ≈ 11.2 km/s. 

Therefore, a rocket must be increased in velocity by 
about 11.2 km/s (neglecting air resistance and gravity 
losses) in order to escape from the earth's gravitational 
field.  

Advantages of a two-stage rocket over a single-stage 
rocket:- 

For two - stage rocket several important advantages:- 

1. Thrust and final velocity:- 

According to the rocket equation, the velocity gained 
depends on the ratio M0/M.  

In a two stage rocket, after the fuel of the first stage is 
consumed, the empty structure is discarded. This 
improves the mass ratio for the second stage, enabling 
much higher speeds than a single-stage rocket.  

2. Reduced dead weight:- 

In a single-stage rocket, even after fuel is burnt, the 
heavy empty tanks and engines remain attached to the 
rocket and become dead weight.  

In a multi-stage rocket, this useless mass is shed 
gradually greatly improving efficiency. 

3. Better fuel efficiency:- 

Each stage can be designed with engines optimized for 
its operating environment:  

• The first for high thrust in dense atmosphere  

• The second stage for high efficiency in vaccum.  

4. Economical and practical: 

Achieving escape velocity with a single-stage rocket 
would require a huge mass of fuel and a massive 
structure, making it having impractical.  

Staging makes space missions technically feasible and 
economically viable. 

Q.    Ûeefuele õJe keâer efJeefYeVe Tpee& ™he keâewve-keâewve mes nesles 
nQ? Fve Tpee&DeeW kesâ mebyebOeeW keâes Øeefle FkeâeF& õJÙeceeve kesâ 
™he ceW efueefKeS~ Ùen Yeer oMee&FS efkeâ Fve Tpee&DeeW keâe 
Øeefle FkeâeF& õJÙeceeve kegâue Ùeesie efmLej neslee nw~ 

  What are the various forms of energies of a 
liquid in motion? Write their relations in terms 
of unit mass. Also show that sum of these 
energies per unit mass is constant.  

[Ashram Paddhati (Mains)-2021] 

Ans. : Energies of a liquid in motion (Bernoulli's 
principle): 
It is pertains to Bernoulli's principle, which is an 
application of the Law of Conservation of Energy for a 
flowing fluid.   
1. The various forms of energy in a liquid in motion: 

A liquid (or any fluid) flowing under conditions of 
steady, incompressible, and non-viscous flow possesses 
three primary forms of mechanical energy. The sum of 
these three forms represents the total mechanical energy 
of the fluid element.  

(i). Pressure Energy (EPr) 

This is the energy stored in the liquid due to the work 
done by the surrounding pressure (P) on the fluid 
element. 

It is often called flow work or flow energy because it is 
required to push the fluid cross a boundary.  

Source: The static pressure exerted by the surrounding 
fluid on the fluid element.  
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(ii). Kinetic Energy (EK) : 
This is the energy possessed by the liquid due to its 
mass (m) and velocity (v). It represents the energy of 
motion.     
Source: The movement of liquid itself. 
(iii). Potential Energy (EP) : 
This is the energy stored in the liquid due to its position 
(z) or elevation relative to defined reference level 
(datum). 
Source: The gravitational force acting on the liquid 
mass.  
2. Relation in terms of unit mass (Specific Energy): 
In fluid dynamic, it most useful to express these 
energies per unit mass (E/m) as they represent intrinsic 
properties of the flow independent of the volume or 
mass considered. These are also known as specific 
Energy (units of J/kg or m

2
/s

2
). 

(i). Specific Potential Energy (EP/m): 
The formula for potential energy is 
 EP = m.g.z 

 PE m.g.z
g.z

m m
= =  

(ii). Specific Kinetic Energy (EK/m): 

The formula for kinetic energy is EK = 
1

2
m.v

2 

 

2
2

K

1
m.v

E v2

m m 2
= =  

(iii). Specific Pressure Energy (EPr/m):
 

The formula for pressure energy (Flow work) is Epr = 
P.V, where V is the volume. Since volume V is related 
to mass m and density ρ by  

 
m

V =
ρ

 

 
( )

Pr
P. m /E P.V P

m m m

ρ
= = =

ρ
 

3. Proof: Sum of these Energies Per Unit Mass is 
Constant: 
The statement that the sum of these energies per unit 
mass is constant is known as Bernoulli's principle. This 
principle is derived directly from the application of the 
Law of Conservation of Energy to fluid flow.  
(i). Total Specific Energy: 
The Total Energy Per Unit Mass (ET/m) at any point in 
the flow is the sum of the specific forms: 

 
2

T
E v P

g.z
m 2

= + +
ρ

 

(ii). The Conservation Principle: 
For a flow to which Bernoulli's principle applies (i.e., 
ideal, non-viscous flow), the energy within the fluid 
system cannot be created or destroyed. Therefore, the 
total energy carried by the fluid element must be the 
same of every point along its streamline. Considering 
two arbitrary points, point 1 and point 2 along a single 
streamline: 

 
2 2

1 1 2 2

1 2

v P v P
g.z g.z

2 2

   
+ + = + +   

ρ ρ   
 

  or  

 
2

v P
g.z constant

2
+ + =

ρ
 

(iii). Physical Interpretation: 

This constant relationship shows the interchangeability 
of the three forms of energy. 

• If the fluid rises to a higher elevation (increase in z, 

EP↑), either its velocity must decrease (kinetic energy↓) 

or its static pressure must decrease (pressure energy↓). 

If the fluid flows into a narrower section (increase v, 

EK↑), its static pressure (P) must be drop to compensate.  

This fundamental equation proves that the sum of the 
potential, kinetic, and pressure energies per unit mass 
remains constant throughout the flow for an ideal liquid.  

Note: The constant sum can also be expressed in terms 
of energy per unit weight (called total head), obtained 
by dividing the specific energy equation by g: 

 
2

v P
z Constant Head

2g g
+ + =

ρ
   

Q. Skeâ Úuuee, Skeâ ef[mkeâ, Skeâ "esme yesueve, Skeâ ieesueerÙe 
keâesMe leLee Skeâ "esme ieesuee efpevekeâer ef$epÙeeÙeW leLee 
õJÙeceeve meceeve nQ, keâes Skeâ vele meceleue kesâ GÛÛelece 
efyevogDeeW ceW efJejeceeJemLee mes efyevee efheâmeues uegÌ{keâves kesâ 
efueS ÚesÌ[ efoÙee peelee nw~ Ghejesòeâ efheC[eW kesâ Jesie nsleg Skeâ 
meeceevÙe JÙebpekeâ %eele keâerefpeÙes Deewj vele meceleue kesâ efvecve 
efyevog hej henBgÛeves keâe Gvekeâe ›eâce %eele keâerefpeÙeW ~ 

 A ring, a disc, a solid cylinder, a spherical shell 
and solid sphere of the same mass and same 
radius are allowed to roll without slipping from 
rest state of an inclined plane. Find the general 
expression for the velocity of the bodies and also 
find their order of reaching to the bottom of the 
inclined plane. 

UPPCS (Mains) 2020 Paper-I 

Ans. Use energy conservation and no-slip condition.  

From top height h. 

2 21 1
mgh mv I ,

2 2
= + ω

2 21 1
mgh mv I , with no slip, R

2 2
= + ω − ν = ω  

2

2gh
v

I
1

mR

=
+

 

For common bodies (same m, R, h) 

• Thin ring (hoop) : I  = mR
2
  

 v = gh   

• Solid cylinder/disk 
21

I mR
2

=  

 
4

v gh
3

=  

• Thin spherical shell : 22
I mR

3
=   
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6
v gh

5
=  

• Solid sphere : 22
I mR

5
=  

10
v gh

7
=  

Larger v → reaches first order (First → last): 
Solid sphere > solid disk/cyclinder > thin spherical shell 
> thin ring (hoop). 

Q.  A particle of mass M moving with a velocity u 
collides head on with a stationary particle of 
mass m. After the collision, they begin to move 

with the velocities V and ν respectively in the 
same direction. If the collision is elastic, then 
prove that, 

 
 
 

2u
ν =

m
1 +

M

 

  Skeâ M õJÙeceeve keâe keâCe u Jesie mes Skeâ m õJÙeceeve kesâ 
efmLej keâCe mes meerOes škeâjelee nw~ mebIeó kesâ heMÛeeled Jes 
Gmeer efoMee ceW ›eâceMe: V leLee ν Jesie mes ieefleMeerue nes 
peeles nQ~ Ùeefo mebIeó ØelÙemLe nw, lees efmeæ keâerefpeÙes~  

  
2u

ν =
m

1+
M

 
 
 
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Ans. The principle of conservation of momentum states 
that the total momentum before the collision is equal to 
the total momentum after the collision. 
Applying conservation of momentum:   
 Pinitial = Pfinal  
 Mu + m (0) = MV + m ν  

 Mu = MV + m ν   ….(i) 

Apply conservation of kinetic energy is also conserved.  
 KEinitial  = KEfinal  

 ( )22 2 21 1 1 1
Mu m 0 MV m

2 2 2 2
+ = + ν   

 Mu
2
 = MV

2
 + 2mν  …. (ii) 

Solve for the final velocities rearrange equations (i) and 
(ii): 

From (i)  M (u – V) = mν    ….(iii) 

From (ii)  M (u
2
 – V

2
) = 2mν  

  M(u – V) (u + V) = 2mν   …. (iv) 

 Divide equation (iv) by equation (iii): 

 
( )( )

( )

2M u V u V m

M u V m

− + ν
=

− ν
  

 V = ν  – u   ….(v)  

Substitute equation (v) into equation (i),  

 Mu = M ( ν – u) + m ν  

 Mu = M ν  – Mu + m ν  

 2Mu = ν  (M + m)  

 
2Mu

M m
ν =

+
 

Simplify the expression, 

 
2Mu

M

M m

M

ν =
+

  

 
2u

m
1

M

ν =
 + 
 

 

Q.   JÙetl›eâce Jeie&-efveÙeceevegmeej Øeeflekeâ<eea yeue kesâ ØeYeeJe ceW 
Skeâ keâCe keâer ieefle keâe JeCe&ve keâerefpeS~ 

  Describe the motion of a particle under 

repulsive inverse square law force. 

UPPCS (Mains) 2008 Paper-I 

Ans.:   Motion under Repulsive Inverse Square Law 

force:– 

A repulsive inverse square law force is described by  

( )
2

k
F r

r

 =  
 

Where, 

K > 0 and r is the distance from the force center. This 

force is central and conservative, and the motion of a 

particle under it exhibits the following characteristics:- 

 
Q. mebjef#ele Deewj Demebjef#ele yeueeW keâe Devlej GoenjCe meefnle 

mecePeeFÙes~  
 Differentiate between conservative and non-

conservative forces with examples. 

UPPCS (Mains) 2008 Paper-I 

Ans.: In Newtonian  physics, there are generally two 

types of forces; conservative and non-conservative 

forces. 

 A conservative force is a force in which the 

work done moving a particle from one position to 

another depends on the initial and final positions and 

not on the path. If follows the law of conservation of 

energy. The total work done by a conservative force 

around a closed path is zero. 


