Question

A particle of unit mass is moving along the
x-axis under the influence of a force and
its total energy is conserved. Four possible
forms of the potential energy of the

particle are given in List I (a and Uy are

constants). Match the potential energies in
List I to the corresponding statement(s) in
List II.



List 1




List2
The force acting on the particleis zeroatx =a.
The force acting on the particleis zeroatx = 0.

The force acting on the particleis zeroatx = -a.

The particle experiences an attractive force towards x = O intheregion Ix| < a.

The particle with total energy Uy can oscillate about the pointx = -a.
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Solution
For conservative force the force field is

givenasF = -9
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Differentiating U w.r.t. X:
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2U :
F = —a—fx(x +a)(x - a)Force 1s zero at x=+

a, X=-a and x=0, I, IT and III applies to A.

= For attractive force F a - x For X near

origin F is proportional to x. hence, (iv)
does not apply

d?U
Calculatmg ——5 atx=-a

d2U 2U0
dXZ
xX(x + a)) At x=-a the double derivative is

= ((x +a)x-a)+x(x—-a)+

positive which implies curve is having
minima at this point and will oscillate
about the point as it is minimum P.E. (v)

and T.E. UE of particle is less than

maximum PE. g applies Correct answers

are LILIITand V



B:

0]

Differentiating U w.r.t. x:= F=- dlcllz;x) =

B ZUO X\ _ _U() . _
5 (?) = ?xlforce is zero at x=0, II
applies to B

=For attractive force F a - x For X near

origin F a - x (iv) applies

2
Calculating g}g at x=-a
2
= &' _ 2, At x=-a the double
dx?2 a2

derivative is positive and first derivative
is non zero at this point and will not
oscillate about the point as it is not a
maximum or minimum P.E. (v) does not
apply. Correct answers are Il and IV

C
0= (3) e [ (5)]
—F-= —% = %x(x—a)(x+

a)exp [~ (%)] ®Force is zero at x=+ a, X=-a

and x=0, I, IT and III applies to C

= For attractive force F a - x For near
origin F is proportional to -X, hence, (iv)
applies

2
Calculating ?Txg at x=-a
2
= ix—tzl = -%[(x+a)(x-a)+X(x-a)-

XxX+a)+xx-a)x+ a)z;{]exp [— (g)] : At

x=-a the double derivative is negative
which implies curve is having maxima at
this point and will not oscillate about the
point as it is maximum P.E. (v) does not
apply.Correct answers are LIL IIl and IV
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F =- dx 9a3 (x - a)(x + a)Force 1s zero

at x=a and x=-a, I and III applies to D
— For attractive force F a - xFor x<< a

near origin F a const. (iv) does not apply

d*U d“U
e — —
Calculatmg , atx=-a= ix 2a3 0 [(x +

a) + (x — a)] At x=-a the double derivative is

positive which implies curve is having
minima at this point and will oscillate
about the point as it is minimum P.E. and

T.E. °; of particle is less than maximum

P.E. I;:(V) applies Correct answers are I, III

and V



