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MATHEMATICAL PHYSICS - UNIT 1 - SPECIAL FUNCTIONS

Each question carries four options namely A, B, C and D. Choose
one correct option and mark in appropriate place

1. Legendre Polynomial is given P,(x) = Zin:—;l (x> - 1)" when n=2, the
polynomial is given by
a)l
b) x
¢) 5 (3x% - 1)

d)> (5x% — 1)

Forn=2 - P,(x) = P,(x) = (3x* — 1)

2. The value of I'(—n) =?
a)(n—1)!
b) (n+ 1)!
C) oo
d)—oo
3. The value of I'(0) =?

a) (n)!
b) (n+ 1)!
C) ©
d)—co
4. The value of T (—%) =?
a)—2+m
b) 3V
o)A/
I
5. The value of '(n)I'(1 — n) =?
e

b) —

sinnm
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) mm

sinnm
) nmw

sinmn
6. Express 7x* —9x? +2 interms of Legendre polynomials for P,(x) =
~ (3x2 — 1), P3(x) = 7 (5x* — 3x), and P,(x) = 7 (35x* —30% + 3)

a)z (4P, — 5P; + Py)
b) 8P, — P, + P,
C)E(P4_4P3+2PZ_P0)

d)> (P4 — 2P3 + 2P, — Py)

Given expression the coefficient of x* = 7

In P, the coefficient of x* = %

Comparing the coefficients of x* in given'éxpression and P,
4

x 8 8

—=—P,—> x*=-P

7 35 4 X Tl

Also in given expression there is'no x> and x term. Therefore no P; exist in
answer.

Thus option A is only suitable

7. Given H,'(x) = 64x3 ~ 96x Find the Hermite polynomials of H;(x) =?
a)192 x% — 96
b) 16 x*~—48x3
c) 8x3 X12x
d) 4x% — 6x
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Recurrence relation: H;,(x) = 2n H,_,(x)
1 !
Hn—l(x) = on Hn(x)
1

Hy(x) = — Hj(x) = % (64x3 — 96x) = 8x3 — 12x

X4

8. The weight function which makes the Laguerr polynomials
orthogonal

a)e™
b) e*
C) e’
d)e **
9. If m is an integer, less than n f_11 x™ P, (x)dx.is
a)0
b) 1

C) 2n+1 n!Z

2n+1 n!Z

) 2n+1)!

10.If n is an integer, H,(0) is..
a)l
b) 0
o) (—1)" 7z
(#

2

11.The orthonormal property of Hermite polynomial
a)2"n!w é,,,
b) 2"n!Vm 8.y,
c) 2" Vm 8,
d) 2n!Vm 8,
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Orthogonality of Hermite Polynomial

+ oo
f e H,(x) H,(x)dx = 2" n\\r 8,

12. The value of H,,(0) is ....

2n!
a) F

b) (1"
o (-1
d) (-1

13.If P If Pn (x) is the legendre polynomial of ordér n then 3x%> + 3x + 1
can be expressed as

a) P, + 3P

b) 4P, + 2P, + P,
c) 3P, + 3P, + P,
d) 2P, + 3P, + 2P,

using the following relatigns
(1) Po(x):]. :>1:P0

i) P@x)=x >x=P

(@) P(x)£5.(3x2 = 1) = x> =P +2P,
Substitdting x?, x, 1 values in the expression 3x2+ 3x + 1

3%% + 3x + 1=3(1Py +2P,) + 3P, + Py = Py + 2P, + 3P, + P,
= 2P, + 3P + 2P,
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14.The polynomial 2 — 3x + 4x?> interms of Legendre polynomials is..

15.

16.

a) = Po(x) = 3P1(x) + 3P, (x)
b) 2 Po(x) = 3P1(x) +5P2(%)
c) Py(x) —8P{(x) + 16P,(x)
d) 3 Po(x) +3P1(x) =S P2 (%)

using the following relations
(1) Po(X):]. :>1:P0

i Px)=x >x=P

@) P(x) =3 (Bx?—1)=>x> =P +2P,
Substituting x?, x, 1 values in the expression 2 <4 3x + 4x2

2 — 3x + 4x° =2P0—3P1+4(§P0+§P2)

=2 pyx) = 3P1(0) + 2P, (%)

Let P, (x) be the Legendre polynomial then P, (—x) is equal to..
a) (D™ PL(x)

b) (D" Pp(x)

c) Py

d (-1)™R, ()

If f_ll P,(x)dx = 2 then n is,

a)y 1
b) 0
c) -1
d 2
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f_11 P,(x)dx =2

When n=0 - f_11 Py(x)dx = f_11 dx =[x]1; =2

17.The Legendre polynomial P, (x) has..
(a) n real zeros between O and 1
(b) n zeros of which only one is between 1 and -1
(c) 2n — 1 real zero between 1 and -1
(d) none of these
18. The incorect equation among the following....
(a) Po(x) =1
(b) P1(x) = x
(€) Pr(—x) = (=)™ P, (x)
(d) P'p(—x) = (=)™ P (%)

The correct relation is
P,(—x) = (—1)" P,(x)

19. The value of T () =?
(a) 0
(b) >
(c)

(d) Vo

20. The value of f(2,z) is ...
1
(a) -
1
(b) =7

1
(C) z(z+1)
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z—1
(d) —
_ (m-1)!(n-1)!
pim,n) = (n+m-1)!

B(2,z) = D!

(2+z-1)!

3(2’ Z) _ (z-1)! _ (z—1)!

z+1)!  (z41)z (z—1)! (since (z+1)!=(z+1z(z—-1)!)
ﬂ(Z,z) =

1
(z+1) z

21.The value of I'(1+ m) I'(1 —m) is
mm
(a) sinmm

(b) —

sinmm

(c) —

msinmn

( ) sin(1-m)w
sin(1+m)mw

22.The Legendre duplication-formula is..
1 T(2ml!
=) = el
(a) (m + 2) ! =
i

b) (m+%)!=w

2m+1
l( )
1 n2 (2m—1)!!
C) (m + E) "= Zm—‘l
1
1 2 (2m—-1)!
d) (m - 5) b= —pT
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23.1,3,5,....2n—-1) = j—; I'(p), then the value of p is...
(a) (n + %)
b) (n—3)
c) (n + %)
d) (n + g)

1.3.5-(2n—1) Vi = Z"I‘(n+%)
2n 1

~135-2n-1) == I‘(n+5)

Given expression: 1,3,5,...(2n—-1) = 3—; I'(p)

Comparing the above two equations: T'(p)=TI (n + %)

i.e., (p) = (n + %)

24. The value of integral fooo \/% e dy is
@ r(;)
b (5)
o r()
9r()
25. The value of integral'f(a,b) B(a+ b,c) is
(a) T'(a) I'(BI(e)

) r(a) (b))
I'(atb=+¢)

c) I'(b)F(a+ b)

d)I'(c) F(a + b)I'(a)
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Relation between Beta and Gamma functions [B(m,n) = FF(ZI:)
Talb
p(a) b) - I'(a+b)
__ I'(a+b)Tc
Bla+b,c) = I'(a+b+c)

Tarlb I'(a+b) T'c
I'(a+b) T(a+b+c)

B(a,b) B(a+ b,c) =

TaTlb I'c TFaTbI'c
B(a,b) B(a+b,c) = X T@a+brc) _ T(a+bre)

26.If m and n are posititive integers then the value of f(m,n) is

n!m!
(a) (m+n)!
b) (n—-1)! (m-1)!
c)

(m+n-1)!
d)

(n+1)! (m+1)!

(m+n+2)!
(m-1)! (n—-1)!

(m+n-2)!

27.The value of I'(m) I'(1 — m).is
(a) sinm sin(1 —m)
(b) sinmm

T
(C) sin(m-1)7

[

sin((m-1)mw
(d) ————=
sin (m+4)m

28.The value of [2sin?0 cos?0 d0 is...

( )l‘(p)F(q)
T(p+q)
I'(p+1)T(q+1)

(b) I'(p+q+2)
I'(p+1)T(q+1)

( ) 2T(p+q+2)

T (p+1) r (q+1)

2 2
( ) 2T (p+q+2)
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r(-3)
;)

29.What is the ratio of

@1  (b); (c) 3 (d);
3 4

r(-3)=3vm

3 1

r(3)=zVm

r(3) _ 3™ _s

;) @ 3

30.The digamma function is defined as
(a) digamma representation of gamma function
(b) derivative of logrithmic Gamma funCpion
(c) logrithmic gamma function
(d) derivative of Gamma function

31.The relation between beta and gamma function is

_ I'(m)Ir(n)
F(m)F(n)
(b) f(m,n) =
_2rm-1)EMn-1)
(C) B(m' n) T L mtn-2)

r (m+1) r (n#1)

d) iz

2

32.If n is a positive integer then the value of I'(n) is...

(a).n!

(b) (n - 1)!
(c) (n—2)!
(d)(n + 1)!
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33.The value of f(z,1) is

(a) -

1
(b) —

1
(C) z(z+1)
(d)(z+1)

_ (n-1)! (m-1)!
ﬁ(m'n) " (m+n-1)!
(-1 1-1)! _ (z-1)! 0!

B(z,1) = (z+1-1)!  (2)!
_ @vro 1
T (2) (z-1)!  z

n 1
34.The value of integral foz(tane)f do is..
I'r
(a)

) ")

2

o 10

WEIE

35. Find the'value of f(1,2) is
(a) 0.25
(b)0~Z5
(c)70.05
(d)0.5
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__ (n—-1)! (m-1)!
ﬁ(m' n) = (m+n-1)!
(- 2-1)! o1
p(1,2) = (1+2-1)!  (2)!
1
== 0.5

36.Find the value of (2,4) is

(a) 0.25
(b)0.75
(c) 0.05
(d)0.5
_ (n—-1)! (m-1)!
ﬁ(m' n) = (m+n-1)!
(-1 4-1)! _ 13!
p(2,4) = (2+4-1)!  (5)!
—_32 _ 1 _o0o05
5x4x3%2 20

37.Find the value of T (i) r (I?;‘) is
1
(a) ™22
(b)Vrr 2
1
(c) Vmr 22

(d) none.of these

s

FmT(1—m) =
Putm=1/4
(()rC) = ==z

4 4 sinZ

+ 7

sinmnm

N
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38.Find the value of I(m)I(n) =2 If m>0&n >0
(a) T(m+ n)
(b) T(m +n) B(m,n)
(c) I(m —n) B(m,n)
(d)r(m —mn)

__ (m-1)! (n—-1)!
ﬁ(m'n) " (m+n-1)!

rGm)r(n) = (m —1)! (n—1)!
I'm+n)=(mMm+n—1)!
I‘(m)[‘(n)

I‘(m+n)

=T(m)r(n) =r(m+n) p(m,n)

= Bf(m,n) =

39. p(m,n) =
(@) pm+1)+Bn+1)
(b) B(m+1).p(n+1)
(c) pm+1,n) + B(mnE 'y
(d) B(m + 1,n). B(m,n+1)
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_ (m-1)! (n—-1)!
ﬁ(m, n) = (m+n-1)!
__ m!(n-1)!
Bim+1,n) = (m+n)!
_ (m-1)!(n)!
pmn+1) = (m+n)!
__ m!(n-1)! (m-1)!(n)!
Bm+1,n)+B(mn+1) = ) )
_ m(m-1)!(n-1)! (m-1)!(n)(n-1)!
- (m+n)! (m+n)!
_ (m-1)!(n-1)! _ (m-1)!(n-1)!
o (m+n)! (m t n) o (m+n) (m+n-1)! (m T n)
_ (m-1D!(n-1)!
" (m+n-1)! ﬂ(m' n)
40.B(m,n) =
(a) (m + n)B(m,n)
(b) *=2 B(m, n)
(c) =2 B(m,n + 1)

n

(d) & B(m,n + 1)

n

_ (m-1)»n>1)!
p(m,n) = @ren~—1)!
m-1)(n)! _ (m-1)! n(n-1)!
ﬂ(m'n + 1) \, (m+n)! - (m+n) (m+n-1)!
n (m-1)! (n-1)! n
a (m+n) (m+n-1)!  (m+n) ﬂ(m' n)
Bor,n) =" gm,n + 1)
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41.The value of B(x,y + 1) =?
(a) (=) Bxy)

X+y.

(b) () Bxy)

X

From above problem
Bmn+1)=—— B(m,n)

(m+n)

putm=x&n=y

By +1)=—"= B(x,y)

(x+y)

42.The value of B(x + 1,y) =?
(@ () By

b) (Z-)Bxy)

(e (%) By

@ () By

>

X

43.The value of%Pz x) +§ Py(x) =7
(a) x
(b) x4
(c)%®

(d) 2% +3

1

2 1 _2.1 2 _ 1y =1 2_1,1_ .2
3Pz(x)+3P0(x)—3><2(3x 1)+3(1)—3><3x ;T3=X
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44.1If the solution of Legendre differential equation as infinite series is
reduced to finite series, then the solution is called.

(a) polynomial
(b) binomial
(c) Trivial
(d) green function
45.Interms of Legendre polynomials x* + x is equal to..
(a) Py + P4 + 2P,
1 1
(b) EPO + P, +3 P,
1 2
(C)EPO + P1 +§ Pz

1 2
(d) 3 Po+:P

X=P1
X2 =Py + =P,

x2+x=§P0 +§P2+P1

46.1If P, (x) is Legendre Polynomial then f_ll[Pn(x)]2 dx is equal to
(a) 1
(b) ; (2n — 1)
(c)
(d)

2
2n+1
n(n+1)
2

47.1f (Py(x) is Legendre Polynomial then the value of f_ll P,(x) P,(x) dx
(m'#"n) is equal to...

(a) 0
(b) 1

() 2
2m+1)(2n+1)
min!
( ) 2(m+n)
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48.The Rodrigues formula for P,(x) the Legendre polynomial of degree n
is expressed as P,(x) = K % |(x, - 1)"| then the value of K is..

(a) 5
(b) =

(©) i

1
()

49. The value of integral f_ll(PO + P, + 2P,) P, dx is equal to
2
(a) 5
4
(b)
(c) 2
(d) 0

f_ll(Po+P1+2P2)P2dx= f_ll{(l + xe+ 2 X% (3x2—1))}% (3x2 — 1) dx
[ +x 4322 - 1D} 322 - 1).dx
[+ 3} 32— 1) dx

L 1(33(3—x+9x4—3xz) dx
2 J-1

_1{3x4 x2+9x5 3x3} _1{3 1,93 3,19 3}
2la 2 5 3J_4 2l 2 s

50. Which of the following is not true?
2n!
(a) Hz,(0) = (-1)" =
(b) Hzp41(0) =0
(c) H'2,(0) = 0
(d) H'3,41(0) =0
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51.The value of H,(x) is

(a) x* —1
(b) 2x% —1
(c) 4x? — 2

(d) ;(3x% - 1)

52.The value of fooo e *[L,(x)]*dx is
(a) 0
(b) 1

(c) n!

(d) 5

53.Which of the following is not equal to 1?
(a) Po(x)
(b) Jo(x)
(c) Ho(x)
(d) Lo(x)
54.The value of P;(x)

(a) ;(3x% — 1)
(b) 5 (5x3 — 3x)
(c); (5x° 1)
(d) 3x
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