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01.

General Physics & Mechanics

Vector Algebra : Vector and Scalar
Quantities, Scalar and Vector
Products, Vector Identities

L=13iv §=%(aﬁ=ﬁ’ h %t geE ?) & few
L.S & §rifaa A A st
Calculate the possible values of L.S For
L=1and S =% (both in units of h).

UPPCS (Mains) 2003 Paper-II

Ans. : Given,

L=1 and §=l the total angular momentum

[\

quantum number J,
J=|L-§],|L+S]|

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

LS :%[J (J+1)=L(L+1)-S(S+1]h?

The two possible values of the spin-orbit coupling for
2

L=1andS= L are h—andh2
2 2

Q. Twigy fo &:F=(2xy+2})i+x’j+2xk TH
T o 81 THeRT Rt Het 7 it
Show that the force
F=(2xy+2’)i+x*j+2xzkis a  conservative

force. Find its potential function.
UPPCS (Mains) 2006 Paper-I

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

Calculate the curl of F

: Force F= (2xy + Z%) i+x’j+2xzk is a

The curl of F is given by,
i i k
VxF=|0/0x 0d/oy 0/0z
2xy+z° x° 2xz

Expand the determinant

VXF:{;;(ZXZ)—;;(xz)}—J[;;(sz)—s(2xy+zz)}

Z

+k i(x2 ) —i(ny—i- Z2)

ox oy
Simplify the curl
VxF=1(0-0)-j(2z-2z)+ k(2x —2x)
VxF=0i+0j+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 =
— VV, we need to solve the following equations:

—0v/0x =2xy+7°
—0v/ 0y
—0ov/0z

Integrate the first equation
V(x,y,z) = —I(ny + zz) dx
V(x,y,z) =—x’y-z°x + f(y,z)

=X2

=2xz

Differentiate V with respect to y and compare with the
second equation
ov/dy=—x>+0f /oy =—x’
This implies that of /6y=0.So f(y,z)=g(z)
Differentiate V with respect to z and compare with the
third equation

ov/oz=-2xz+g'(z)=-2xz
This implies that g'(z) = 0, so g(z) = ¢ potential function
Vxy,2)=—xy-2"x+c
The potential functionis V (x,y,z) =—x’y—z"x +¢
Where, c is a constant.

Q.

A charge of 2 micro-coulomb is moving with

velocity V= (i + J) x10°m/sec in a uniform
electric field E = (21 +3)- 41;) x10° volt/m, and

magnent field B =(i+]+12) Weber/m’.
Calculate the net force acting on the charge.
Here i, j, k denote, respectively, the unit

vectors along the x, y and z axes.

General Physics & Mechanics
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2 TWEH @ FEM  w TR @AW
v=(i+])x10° MR F O | TH W forga
E] E:(2i+3j—4f<)x10" dtee/Hex  den
TR & E:(f+j+12)aﬂ'l‘/‘q"i?{'2 ¥ fq &Y
@ 81 &Y W HERG HA I & W A€
Eﬁﬁl'QI ‘T&ﬁ f,],ﬁm: X, Yy, Z 3185ﬁ & 31'3’&'?1
Uik afcw &1
UPPCS (Mains) 1996 Paper-II
Ans. : Given, Velocity v = (i+ j)x10°m/sec
Charge q = 2 micro-coulomb = 2x10°C
Electric field E = (2i +3j’—412)><10" volt/m

Magnet field B = (I +]+ 12) Weber /m”

e Calculate the cross-product (v x B)

i j k
vxB=[10° 10° 0
11 1

VxB = i(10°x1-1x0) = j(10° x1-1x0) + k (10° x1-10° x1)
¥xB=(1i—-1j+0k)x10° volt/m
e Calculate net force (F)-
F:q[E+(vX1§)]
[E +(vxB)] =[(21 + 3] —4k) x10° + (1i — 1]+ 0k) x 10°]
= (31+2)—4k)x10° volt/m
F:q[E+(vX1§)]
F =(2 % 10 x [(31 + 2] — 4k) x 10° volt/m]
F=2x10*6x10°x(3i+2j—412)
F=6i+4j-8k
So, Net force acting on the charge-
F=(61+4j—-8k)N
Magnitude of the force is-
= 2 2 2
A =(6)" +(4) +(-8)
|F| =\36+16+64 =116

|F| ~10.77N

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. TEHEWH AV FTFF oY o ke W forega
I AT )

Find the electric field at the center of a
uniformly charged semicircular arc.
UPPCS (Mains) 2013 Paper-I1

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

Q

R

Consider an infinitesimal charge element dq = ARdO at
an angle 0 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 dE, = dE sin (0).

The magnitude of dE is given by coulomb's law:
dE=$= kM{zde =k—k de

R R R

Where, k =

The linear charge density is (L) =

4me

Now, the total electric field is the integral of the vertical
components from0=0to 0 =7 :

5 T T . d k?\. .
E=["dE, = ["dEsin(0)= [ < sin(0)do
The constant terms can be taken out of the integral
E= &j sinHdo
R Jo

The integral of sin (0) is (—cos0)

kA = kA
E =?[—cos(6)}o =?(—cos(n)—(—cos(0))
kA kA 2k
E=—(-(-1)-(-1))=—(1+1)=—
() () =2 =
Substitute }»=& and k= back into the
nR 4rme,
equation

2kQ 2 1 Q 2Q Q
E= 2 p2 T2 2 5 2 2
nR”™ R7|4ne, |l n] 4rne R 2rn°g R

The electric field at the center of a uniformly charged
semicircular arc is:

2k Q
E=—r=-7"3
R 2n°¢ R

Q. vV =_-" e @ wenfua ST Establish
80

£
80
UPPCS (Mains) 2013 Paper-II

Ans. Gauss's law in electrostatics :-

the relation VV =

V.E=<
80
Electric field is negative gradient of the electro-static
potential :
E=-VV

General Physics & Mechanics
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Substitute into Gauss's law—

V.(-VV)=—

0

vy==2

€y
ViV=-=
80

Q. TIH 9" &1 3TaeheTd ®U UTW ahifaul

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

= — 1
I E : dA = _Qinside
box 80
But the enclosed charge is expressed as the volume
integral of the charge density p
Qinside = J- pd‘C

box

So we have,

I E-dA=— I pdt

box 0 box
Applying the Divergence theorem to the left-hand side
of this equation tells us that

J- V-Edr:i .[ pdt
inside 80 box
For any closed box, this means that the integration
themselves must be equal, i.e.

SE_P
80
This is the differential form of Gauss’s law.
Q. aﬁ;'ﬁg?résr E= 8x+4y+3z§mmfﬁﬁ
A x — y AUAA | 200 THS ATHA o dA gRT
Ter=Ia g &t U it
If the electric field is given by E = 8% +4§ + 3% ,

calculate the electric flux through surface of
area 200 units lying in the x-y plane
UPPCS (Mains) 2013 Paper-II

field vector is given as.

Ans. The
E=8%+4y+32

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 is: A = AZ = 2002
Calculate the electric flux —
The electric flux (¢, ) through a surface is given by the

electric

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

o, =EA
The vectors into the equation:
b = (8% +4¥+32).(2002)

Using the properties of the dot product for unit vectors
(x2=0,92=0,22=1)
0y =(8%0)+(4x0)+(3x200)

0 =0+0+600
¢, =600 unit
Q. E=-_VV U&= hl T ity
Establish the relation E =-VV.
UPPCS (Mains) 2012 Paper-II
Ans. Relation between Electric Field and Potential:-

Electric field (E) = =
q

The work done (dw) in a moving charge (q) through a

distance (d/) in an electric field (E) is
dw=F.d/=qE.d/

The potential difference (dV) is defined as the work

done per unit charge.

awv=I_py

q

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

dv=vv.dl
The work done by an external agent to move the charge
Fext- d/and Fext = Felectric
dwext = Felectric- di=- qul
Thus, the potential difference is:

dV — dwcxt

q
Comparing this with dV = AV. d/
E=-VV
The relation E = — VV shown that the electric field is
negative gradient of electric potential.

Q. H3T T FT ¢ ? SUNY T = I Wed
wigardt aid & | afe T ®H0 H3T 9T F &
A=A IR HIAT §, A WA foR oA F
Trerferst St oF SRUTTCHeR JaUTAT & STeR & 2T
FHHT Tl FHIT I BT &

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(@) 1
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

=-Ed/

taken and depends only on the initial and final positions.

General Physics & Mechanics
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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 r;
to ry is-

W= er 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 ' only, denoted by
V(r). We define the potential energy as-

V(r)= —J;F(r’) dr'

dv
—=-F(r
5 = F()
In vector form, the gradient of V is
VvV = d_Vf
dr
-VV=-F(r)t=F

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

Vx(VV)=0

Vx F=V(VV)=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,

- VV.

Q. ﬁm'{-‘ég?résr%mwaﬁw(’amw) ES 15
wd % F9w fAfEu W @ iR Ay
FIeRTUT wht YT it
'B'ETaﬁ | 8 3ﬁ'{'r2(r1<r2) ﬁamw
Ml Pl & WA V; R Vv, favg w
AT Fehem ST 31 S St o ot 3fawrer o
ferge farsrar 3iiv ora: fa@-ar st T =R
ATfles YT UT YT st WET @l ff e
EdlELy
Write expression for divergence and curl of an
electrostatic field. From these, obtain Poisson
and Laplace equations.

Two concentric conducting spherical shells
having radii r; and r, (r; < r;) are charged to
potentials V; and V,, 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

vE=F
80
VxE=0

Because VxE =0there exists a scalar potential V(r)
with
E=-VV
Poisson and Laplace equation :-
We know the divergence of E =—VV
VE=-V.(VV)=-V*V
VV(r)= —&

8O
V() =0
Two concentric conducting spherical shell:-
Assume spherical symmetry and region between shell 1
< r < 1, is charge free, so Laplace’s equation in
spherical symmetry lead to the general radial solution

V(r)=A+E, L <r<r,
r
V(r)=v, V(r,)=v,
B:(W_V»nglyzwg_WQ
L—n ’ L
- VvV, -V
V(r):v2r2 V1r1+( ! 2)r1r2,r1<r<r2
L—g (r2_rl)r
Electric field between the shells :-
dv,., B.
E(r):—gr:r—zr
VvV, -V
E(r):wf L <r<r,
(rz—rl)r

Charge on the inner shell :-
Use Gauss’s law just out side radius r; the total charge
on the inner shell is

Q = 80[‘] _ EdA =gE(r)4nr’ = 4ne,p
(Vi- V)i,

L—q

Q, =4ng,

Q.

FHATS & 99 & TAq AEY faawer & o
wfeyr yrey & fafaw) r feen & & e o
& e o g &Y wuE ®U @ faafa 2
U & TEd s ° z gt W faEa & J|
EdIEL
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-I1

General Physics & Mechanics
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Ans. Coulomb's law in vector form for a continuous
charge distribution:—

F,; is the force exerted on the charge q, them
according to coulomb’s law.

Fa = ! (11?2 ;‘, ........ (1)
dme, 1,
o=l 9% (ii)
4ne, 15,
L=-T, e (iif)
- 1 -
Faol 9%
4me, 1,
Put (iii) in (i),
Fi =-Fx

For a continuous charge distribution the electric field at
point 7 is
1 r—r'

E(r)= dq'

(r) 4ne, J.|r—r'|3 a
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.
r'=acos¢pXx+asingy,dq'=radod
With linear charge density A = Q / (2w a)
The field point r=0X+0y+z2
The vector from source to field point is

r—r'=—-acos¢px —asin¢py+zz and its magnitude is

va’ +z* (independent of )

By symmetry the X, y components cancel upon
integrating over ¢,

So,

1 z

E, =
4me, (a2 +Z2)

1-z

dq'

3/2

4me, (a2 +7’ )3/2
The integral of dq' over the ring is Q
Qz N

E(0,0z)=

TZ.
e 2
0 (a2 -i-zz)2

Q. T &= wfewr Ewr sruwwur 3R dhaet Fra swiforq)
Find the curl and divergence of the electric field
vector E.

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.

EO):—VVOLVO):4M%(;:é%fE

ThenV xE=0

Everywhere the field is well behaved (away from the
source location).

The curl divergence of a static electric field vector E.
Curl: VXE=0

Divergence,
V-E= 2
80

Where, 0 is the volume charge density.

(c). Tog =g foF wh @eft s F & fouw
VxF=0
Prove that for a conservative force F.
VxE=0

UPPCS (Mains) 2010 Paper-I
Ans.:Let’s prove that for a conservative force F, the
curl of F is zero, i.e.
AXF=0
A vector field F is conservative if there exists a scalar
potential function v(r) such that,
=-Vv
This means each component of F can be written as

& v oV
F=(F,.F,F) =[_&’_5’_§]

Compute the curl of F
Now compute,

V xF=V x (-Wv)
This means the curl of a gradient is always zero,
provided the field is continuously differentiable

VXxF=-Vx(Vv)=-0=0

Therefore, for any conservative
F=VxF=0

force field

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 field

>

F=(2xy+zz)i+xzj+2xzf(is a
force field.

EST[S’Q: fs oo ax l?‘=(2xy+zz)i+xzj+2xzf(
RRGUCCEAERY

force

conservative

UPPCS (Mains) 2017 Paper-I
Ans. Here, the given force field is F
F=Pi+ Q} +Rk
Where, P =2xy +z
Q=x’
R=2xz
A force field is conservative if its curl is zero, which is

equivalent to checking if the following partial
derivatives are equal.
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0 _®r
0z Oy
@ _aR
0z 0Ox
P _Q
Oy 0Ox
Now, 6—Q=i( 2) =0
0z 0z
R _ 2 (2x2)=0
dy oy
op 0 2
—=—|2xy+2z")=22
0z 62( Y )
G_R = i 2xz) =2z
ox 0x
@:i(b(y—i-zz) =2x
dy Oy
Q _ i(xz) _5
ox 0x
After comparing
6Q oR —0=0
0z Gy
o = R =2z=2z
0z
6P 6Q = 2x =2x
oy
(c). Combine components and conclude:
Substituting these partial derivates back into the
formula:
OxF=1(0-0)-J(2z-22)+K (2x—2x)
This simplipies to:
O0xXF=0;+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.
U gu 9T TR T R 19T § 2 Ofg RE S
TRH S o |TUST THH SRIVHT o7 | FUH T &I
%@ﬁﬁ%ﬁ%mt—ommwﬁ%
a feftelaa wurru, frafa fdetes, am &
T & sfter Terfua i)
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 o 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'+oxr
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 (o x ")
Acceleration- The acceleration measured in frame's 'a'
are related by a more complex transformation:
a=a'+20x v+ ox (ox1')
The terms added to a' on the right-hand side are due to
the rotation,;
e 2 x v': This is the coriolis acceleration term.
o ox (wx 1'): 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-20xv-o
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.

g "o = §7 fag Sty o won &

e @1 S oo @ srguitata § fe @

Tt e e wefE E R

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=mxvy
Where,

m = mass

v = velocity

Conservation of Linear Momentum:- The law of
conservation of linear momentum states that If no

General Physics & Mechanics
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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 M, M, -----
M, and velocities V|, V, V,. The total linear
momentum of the system is:

p=MV + MV, + -ooemeee +M,V,

According to Newton’s second law, the force acting on
the i™ particle is:

Fi = Mi X a; = Mi X (dpl/dt)

Summing over all particles, the force acting on the
whole system is

Y E- "%_i( " )_E
Fret Zi:lF‘ Zi:l dt  dt Zi:lP‘ dt
If no external force acts on the system F., = 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. T Uhe o g @l GUA HITNTI ke o
sifrm o & frfaRaa =isier = farifia
EdlELy

M
V=V, +vlog, M

I8 ot fag =it f& oo %:c2 R
Tfehe I oA, Thoee (Exhaust) o <ol &t oF
T B SRR (STEf Wehdeh! o | e §)

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

also show that the

M
rocket V=V +vlog, MO
rocket speed is twice the exhaust speed, when
—° =¢’ (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 = M,, final mass =M
Initial velocity = V,
Momentum conservation
Initial momentum : P; = MV
Final momentum :
e Momentum of rocket (M + dM) (V + dV)

e 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=-2dM
M
Integrate from My to M and Vo to V

Joav=—fi

M
V-V, = Vln[—oj
M

Hence rocket velocity equation

M
V=V, +Vln[—°j
M

Condition for Rocket speed = Twice Exhaust speed
Given,

Yo _g?

Substituting in rocket equation
V-Vy=v.n(e’)=v2=2v

Thus
A V() =2v

This means, if the mass ratio of the rocket is ¢, then its

speed gain becomes twice the exhaust speed.
Q. TRET WA & & I@T AHIHeT & T T
wa §? femed % dea &9 E wwef @
What do you mean by line integral of a sector

field? Show that field E s
conservative.

electric

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 along curve C is
[Fdi
This represent the work done by force Fin moving a

particle.

Electrical field is conservative in nature:-
B

A
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 Jj Edl
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The line integral of electric field along B to A
“Ed
B
Hence, line integral along closed path is the sum of two
integrals.
B — A —
[ Edi+[ Ed
A B
But,
B — Ao —
[ Edi+| Ed
A B
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 AT TS Tl o Uk TAFEIA ot
oA TS ATt MUET R TAF AT
ferr g 9.1x107! foR. Tm. #

Calculate the speed and momentum of an
electron of kinetic energy 1.02 MeV. Rest mass
of electron is 9.1 x 10~'kg.

UPPCS (Mains) 2018 Paper-I

Ans. Given,

Kinetic energy (K) =1.02 MeV
=1.02x10°%1.602x10"
=1.634x107"J

Rest mass electron (m,) = 9.1x107" kg

Speed of light (C) = 3x10® m/sec

Speed (v) =?

Momentum (p) =?
E=E,+K.
E=myC*+K

Where,

E =Totalenergy
E, = Rest mass energy
K = Kineticenergy
E,=m,C’
=9.1x10*' x(3x10°)
E,=8.19x10"J
E=9.1x10" x(3x10°) +1.634x10

=9.1x107"'x9x10" +1.634x107"3
=8.19x10™" +1.634x107"
E=2.453x10"]

V=310 1o
(2.995)

v ~2.83x10°m/sec
Momentum (p) = ym,v

=2.995x9.1x107" x2.83x10°
p=7.713x10*kg.m/sec

Tk 3TE ot 9 Ueh S Tt @t Breamedl ot
U 1 : 2 ¥ Al Sk W Y 3T F Ui
WA MUl WA B Al Sk FSAWEl @l
U ST BITT?
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

1
Icyl = E mcyl R:yl

Solid sphere about its diameter

I 2M g

sph = g sph sph

Given Ratio and Equality
Radii ratio
Rcyl ~ Rsph =12= Rsph = 2Rcyl
Moments of inertia are equal
Icyl = Isph
Set up the Equation
Substitute the formulas and the radius relation

lM R 2

2
2 cyl ~“eyl = ngph (2Rcyl )
Simplify the right — hand Side
2M 4R, =3v R

5 sph cyl = 5 sph cyl
So the equation become

lM R §M R

2 cyl ~“eyl = 5 sph ~ eyl
Cancel R}, from both sides.

v, =M

2 Y5
Soles for the Mass Ratio
Multiply both sides by 2.

16
Mcyl = ? Msph

Thus Mcyl: Msph =16:5

sph

E Q. U qUT IYATET Hod H 3T T THSAA

y=— 2 2 m, 3T m, T F I U HA: u, T u,

E, a7 | Tievfier ¥1 yeamer Wod & uvend, 3%
2.453x10°" AT AT HifwA

T8 19x10 " What do you understand by the elastic and

v =2.995 inelastic collisions? Two bodies of masses m,

and m, are moving with velocities u; and u,

v=C l—i respectively. Find their velocities after the
v elastic collision.

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

Elastic collision:

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

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

e 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 :

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

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

e 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 m; and m, and initial

velocity is u; and u,, final velocity is v; and v,.

The Principle of conservation of momentum

m; u; +mp Uy =m;vy + myvp

Principle of conservation of Kinetic energy

2, 1 2_1 2, 1 2
—m,u, +—m,u;, =—m\v, +—m,v,
2 2 2 2
Substituting these equation, we get the formula.

m, —m, 2m,
v, = u, + u,
m, +m, m, +m,
2m, m, —m,
v, = u, + )
m, +m, m, +m,

1. If m; is equal to m,

Vi=Up, V2 = U
That is, when the Masses are equal, the bodies change
their velocities after collision.
2. If m, is very large and u, = 0 (like hitting walls)

Vi 0 ug, Vp go
That is, the light body returns with the same speed.
3.Ifm>myandu, =0

Vi 0 up, Vo = 2111
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.

TS fh Fa &7 g7 wERa e &1
R HewT W & &1 a9 fag sl fah
g % uftw: e wE @ Sefta A fre
T B

UPPCS (Mains) 2016 Paper-I

Ans. Angular momentum for a central force :
F= F(r)f
Then, torque on this planet

T=TxF
T=1xF(r)f .+ fromequation....(1)
T . T
T=ixF(r)S  i=L
T=Tx (r)r f .
2P0 )
r
=0 Ixr=0
d—L:O, L = constant
dt

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’0
The areal velocity
d_A = lrze

dt 2

. 2 L

Substitute 1o = —
dA L
—— =——=constant
dt 2M
So,

dA
—— = constant
dt

Q. TIche T I TG o1 &7 Wehe o 3ifad o
o foag o g o Sgeata st

M
V=V, +v logeﬁ0

el Uge Uel o WAt 31ef ¥ Whe &K AT A
TeramT srgran s fof o gt & emeRdur &5
TATEE Y WEA? f-wiT e &1 T Wl
T(ehe ST AT | o1 o0 872

What is the working principle of a Rocket?

Derive the following formula for the final
velocity of a rocket.

M
V=V, +v logeﬁ0

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.

General Physics & Mechanics
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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 —

Pinitias = 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
quantities.
MdV=vdM
Rewriting,

vdM

and neglecting second-order small

dv=

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

\ZdV = VIM M

MOV
Thus,
M
V- V() =vin (—Oj
M

Since /n (M/My) = —In(My/M), we write the final result
as:
V= V() + Vll’l(M()/M)
The equation is known as the Tsiolkovsky Rocket
equation.
Here,

V = Final velocity

V= Initial velocity

v = Exhaust velocity of gases relative to the
rocket

M, = 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:-

VCSC = VzgR
Using g = 9.8 m/s’
R=6.37x 10°m
Vese & 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 My/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:

e The first for high thrust in dense atmosphere

o 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. ©IfId 3a Wl TATHT Sall ®Y hII-ShT F ard
£7 37 el & Weisit @ Wit gE N
wg ¥ fafgu ag oft guiizy fom 31 swifedt =
WY FoRTS FHTT et TNT TR BT 21

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 (Ep,)
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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14 YCT



(ii). Kinetic Energy (Eg) :

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%/s?).

(i). Specific Potential Energy (Ep/m):

The formula for potential energy is

Ep=m.gz
E _mgz
m m

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

S . 1
The formula for kinetic energy is Ex = Em.v2

m m 2
(iii). Specific Pressure Energy (Ep,/m):
The formula for pressure energy (Flow work) is E,; =
P.V, where V is the volume. Since volume V is related
to mass m and density p by

yv=-1n

p
E, PV _ P.(m/p) _P
m m m  p

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 (E1/m) at any point in
the flow is the sum of the specific forms:

E. v?

—=gzZ+—+—

m 2 p
(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:

gz +—+ =gz, +—+
2 p 2 p

or

v: P

g.z+—+— = constant

2 p
(iii). Physical Interpretation:
This constant relationship shows the interchangeability
of the three forms of energy.
o If the fluid rises to a higher elevation (increase in z,
EpT), 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,
Ex 1), 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

z+ A + 1 = Constant Head
2g pg

Q. U& Toell, Uk &k, Tk 319 o, Uk TMeitd
WV qAT Tk B TMew et Breamd @
T WA &, HI Th A AHAA o oo
forgatt ¥ formmemen & fomr fREer oo &
forg Big T ST 21 Swiee fyusi & o 3g U
W Sk A6 i 3R Ta T0aet &
forg W uge T SR U AT It |
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.

1 1
mgh = —mv’ +=Io’,
2 2

1 1 . .
mgh = Emv2 + Elmz, withno—slip,v = ®R

For common bodies (same m, R, h)
e Thin ring (hoop) : I = mR?

e Solid cylinder/disk 1= %mR2

4
v=,/—gh
3g

e Thin spherical shell : 1= %mR2
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6
v=,[—gh
Sg

e Solid sphere : 1= %mR2

10
v=,—gh

7 g
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 v respectively in the
same direction. If the collision is elastic, then
prove that,

2u
v:_
(1+m;n
M
Teh M S T 0T u 97T ¥ Teh m ST &

frem wor & ST zoET 1 HWUE & UvEnd o
Wﬁ?ﬂﬁm:VHﬂTva’Tﬁ'WﬁWﬁWﬁ
e €1 afg dug g €, A fag il

2u

)
M
UPPCS (Mains) 2016 Paper-I
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:

v=

Pinitial = Pfinal
Mu+m(0)=MV +mv
Mu=MV +myv (1)
Apply conservation of kinetic energy is also conserved.
KEinitial = KEfinal
v +lm(0)2 LR VAVENL
2 2 2
Mu® =MV + mv? ... (1)

Solve for the final velocities rearrange equations (i) and

(ii):

From (i) M@u-V)=mv ....(1ii)
From (ii) M * - V) = mv?
M@u-V)@u+V)=mv’ ... (iv)

Divide equation (iv) by equation (iii):
M(u-V)(u+V) mv?
M(u-v)
V=v -u (V)
Substitute equation (v) into equation (i),
Mu=M(v—-u)+mv
Mu=Mv —Mu+myv
2Mu=v (M +m)
_ 2Mu
 M+m

mv

A%

Simplify the expression,
2Mu

Q. kU T-TIUIER Wiaerdt ot & gord o
ek RUT okl Tl AT SUTT ShITSTT)
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

o]

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:-

[Characteristics]
N

v ¥

(Trajectory) ( Motionplane)
(The particle
[ The Particle | moves
following ina planﬁ;
a hyperbolic pcrpcndlculalr
to the angular

path due to momentum vector)

. v
the repulsive .

erepulsive (Energy conservation)
nature of .
(The total mechanical

energy remains constant)

| the force

v
(Angular momentum conservation)

(Since the force is central,
angular momentum is
conserved)

Q. Ufar 3N AEIfed el ot 3T 3BT Higd
USSR

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.
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