Frequently Asked Questions

1. What do you mean by method of moments?

Answer:
The method of moments is the oldest method of deriving point estimators. It almost always

produces some asymptotically unbiased estimators, although they may not be the best
estimators.

The method was moments were discovered by Karl Pearson. As the name itself suggests in
this technique moments are utilized for the estimation of the unknown parameters. This
method is based on the principle that the unknown population parameters can be estimated
by making use of sample moments. By equating the sample moments to the population raw
moments the unknown parameters of the population may be estimated.

2. Write a note on the principle behind the method of moments.
Answer:
The method of moments is based on the moments of population as well as that of sample.

Let f(x,61,0.,..., 6) is the density function of the population under consideration. To estimate
the unknown parameters 6,,0,,..., 6 if y, denotes the r the moment ( about zero) then by
definition

Hr =IX"f( x,81,02,..., B )dx, r=12,.....
That is
Ui =IXf( %,61,65,..., B)dx

Mz =[x?1( x,01,8,,..., B,)dx

Hie =Xf( X,01,05,..., B)dx

Ui’ M2’ M3 Mk are in general functions of the parameters 6;,6,,..., 8. Thus the above is a
set of k equations involving k unknown parameters 64,6,,..., 6x.

Now solving the equations 8;,6;,..., 8, can be written as the functions of ;" 2" Hs™ pk" But
in general Wy" o' U3 Wk are unknown and hence their estimators by sample moments m;"
m.’ M3~ m, respectively where m, = ¥x/ /n, x1,x2,...xn being sample observations are
determined.

In case of frequency distribution of the sample observations r"" sample moment m,1 is given
by m, = Y5 /N. Thus the method of moments consistes in equating rth raw moments about
the origin in the population to the r th raw moments about the origin in the sample by giving



values r=1,2,.... And obtaining various equations containing parameters and solving these
equations to obtain the estimate of the parameters.

3. Find the moment estimator of 6 based on the following sample taken from the
population.
f(x ,9)=9Xe'1, O<x<1, 6>0

0.35, 0.65, 0.27, 0.04, 0.48, 0.72, 0.49, 0.31, 0.56, 0.82

Answer:
We can find the estimate of 6 using the moment py’

o1 1
1y = [ xf (x,0)dx =[xk dx = [ dx =———
0 0 0 U+1

n
1= p

Therefore @ =

By the method of moments a moment estimate of 8 is obtained such that

f =my; =x=0.469

-~ m
Therefore, Moment estimator of 8 is given by 6 = -=——=0.8832

4. Obtain the moment estimate of A in F(x,\)= (A* x® e™)/6; x=0 based on the sample
observations: 1.4, 2.6,3.1. 0.9, 1.5, 2.4, 2.5

Answer:

Given

f(x,\)= (\* x3e™)/6; x=0

We can find the estimate of A using the moment py’

oo o 4.3 —Ax
1y = [ xf (x,A)dx = Ixﬂdezi:/i:i,
0 0 6 A Hy

By the method of moments a moment estimate of A is obtained such that u, =m, = X

i=_

1

my

Therefore =1.9444

SRS

5. The lives of 5 tyres are 2100,4300,4380,3860 and 3150 kilo meters. If life of tyres has a
p.d.f,f(x) ==0e® , x>0 . Find the moment estimator of 6.



Answer:
We can find the estimate of 8 using the moment py’

1y = [ f (x,0)dx =] xf™ % dx :%
0

~ 1
Therefore @ = —-
yul

By the method of moments a moment estimate of 6 is obtained such that
Hy=my =x

~ 1 1
Therefore Moment estimator of 8 is given by @ =— ===0.00028

my

=1

6. Given the observations from U (61 - 82, 61 + 62). Obtain the moment estimates of 61
and 62.1.5,-1.2,2.6,0.6,0,-2.5,3.8,-1.7,0.8,0.5

Answer:
The density function f(x) = 1/ (8 + 8,—( 0:-0,)) = 1/2 6,

We can find the estimates of 6;and 6, based on the given sample observations. Hence we
need to find py’ and Wy’

. O1t62 01+6, 1
o1-62 61-6 <02
R 6,+6> 5 5
b= | Pfx6.0)dx= | P ax=02730"

By substituting py’ = 64
We get 6 =+/3(tty — (14)%)

By the method of moments x, = m, = x and ,u'2 = m2

Therefore él —x= & =0.44

n



.2
8, =[3(my —(m)*) = 13(=" — (1)?)=3.1628

n

Therefore the moment estimate of 0 is 0.44 and

The moment estimate of 0, is 3.1628

7. Find the moment estimate of 8 in the distribution f(x) = 2x / 62, 0<xi< 6 using the sample
1.51,1.76, 2.31, 2.76, 1.57, 1.98, 1.23

Answer:

We can find the estimate of 8 using the moment py’

. 2x 2
= ,@)dx = x—dx=—6
Uy = [ xf (x,0)dx jxez =3

Therefore 67 = 3—'51

Hence a moment estimate of 8 is obtained such that g, =m, = x

~ 3m, X
Therefore Moment estimator of 0 is given by 8 = 71 = 3(—2) =2.81

8. Find the moment estimate of 6 of the geometric distribution with parameter 6 using the
data 1,7, 6, 2, 3,1, 2,76, 5,7, 1,9,8,1,2,3

Answer:

The probability mass function of a geometric variate x is

F(x, 8) = 6(1- 6)*

The first population moment Y’ = E(x) =(1- 6)/ 8

The first sample moment m; =x

- 1= - 1 - 1
Then p=x >——=x=>——-1l=x=>0=——=
0 0 I+x

Hence the moment estimator of the parameter 6 is 1/(1 +;c)

Hence the moment estimate of the parameter 8 is 0.193

9. Find the moment estimates of 8 for the distribution f(x, 8) = (x / 8%) e *'® | x >0
Given the following observations: 5.35, 4.27, 6.02, 9.63, 4.67, 3.49,2.95,4.02,8.12,7.58



Answer:

We can find the estimate of 6 using the moment p;’
: X _
Uy = [ xf (x,0)dx :jx?e 10 1y =20
Therefore @ = 4
2
Hence a moment estimate of 6 is obtained suchthat u =m, = x

1

=2.805

| =

. . . - ml
Therefore Moment estimator of 8 is given by 8 = 7 =

10. Find the moment estimator of 8 in the Beta population of second kind with parameters 1
and 6 and hence find the estimate of 8 based on the observations 1.4, 2.6, 3.1, 0.9, 1.5,
24,25

Answer:
Xi ~ B2(1,0)
1-1
[T P — S

) BAL6) 1+ x)9+1 - L1,0) 1+ x)9+1

When x; ~ B2 (m,n)

. 1 xm—l
f(xi,m,n) = ,0<x< 00

B(m,n) (1+ x)"™"

1 xm—l

dx
ﬂ(l’l’l,l’l) (1+ x)m+n

p, =E(x")=]x"

1 xm+r—1 1 xm+r—1 1

| dx = —dx =
ﬂ(m,n) (1+x)m+n ﬂ(m,n) (1+x)m+r+n r ,B(m,n)

B(m+r,n—r)



>m+n>m+r>n—r 1 WW

)n)m >m+n _>n>m

Putting r=1,m=1,n=0

We get

_J)e-1
“T 08 e

= |

ﬂ' =m, —}:L—}:e— hl
1 1 -1

XI‘

. P
Hence the moment estimatorof 8is 8= ——
X
> xi

i=— =1 057

n 7
o ltx:1+2‘057 1486

X 2.057

11. For the following distribution estimate the parameters a and © by the method of

1
a!9a+l

moments f(x, 6) = %P 0<x<o

Answer:

We have to estimate a and © based on the sample observations Xx4,X,,...,xn. Hence we
need to find py’ and po’

n _ 1 a -x16 _ 1 a+l _-x/6
M, —jxf(x,@)dx —Ixmeml x%e dx—WJ.x e "dx

1 (a+2)
- a!ea’+l (I/H)a’JrZ

=(a+1)0—-—-(1)



1 xa’e—x/ﬁdx — 1

Y 2 _ 2
’le - jx f(x’ e)dx _'[x a!0a+l a!gﬁﬁ—l

J‘xmze—x/adx

1 (x+3)

= =(a+1)(@+2)8>———(2
al9“ (1/6)°" (+Dlar+2) =

Equation(2) by equation (1)

= (g129---03)

M,

Equation (3) — equation (1) = 22 — i/ = (@+2)0— (@ +1)8 =6
Y7,

1

g o= )’
#

=

Substituting this © in equation (1)
" '\2 N2
M] = 0= L_l

T ] | |
# (a+ )[ M, H, _(:ul)z

By the method of moments py’ =m; and p,’ = my
A' ; ' ' . —2
Gt (W)’ _my—(m) _ (Qxi*/m)—x

m

' 1
M

X

", ‘s —2
G= (u,) 1= (m,) 1 x 1

A

oy ) O S

12. Find the moment estimate of © in the following function whose p.d.f is

80+ Dx"!

f(x,0) = 0<x<oo

Using the sample 75,68,55,62,50,82,77,60,72,50. Compute the moment estimate of 6.
Answer:

We can find the estimate of © using the moment



, 6(6+1)x"" x°
H = JXf(X, G)dx :JXW dx :0(0+ l)jmdx :0(0 + 1),3(6? + 1,1)

J(@+1))1 B 00 +1)0)0 L,

-0(0+1 - -
@+ @+2) (9+1)9ﬁ

Hence a moment estimate of © is obtained as  x;, = m, = x

Therefore Moment estimator of © is given by 0= ;c

> xi
e =9l 65y
10

n
Hence a moment estimate of © is 65.1
13. Obtain an moment estimator of © of a Uniform population with parameters 0 and ©
given the following observations 2.5, 1.63, 5.21, .82, 6.31, 4.34, 1.52, 3.62, 4.73, 3.95,
5.63, 6.5

Answer:

x;, ~U(0,0)
We know that when

The p.d.f f(x) = 1/ ©; 0<xi< ©
The first population moment x, = /2

Now from the method of moments unknown parameter © is estimated such that p," =
my

Butm; = = —=x

Hence 4 =60/2=m, = x

2 4676
Therefore Moment estimator of © is given by 6 =2x =2 =2 1'2 =7.7933

n

Hence moment estimate of 6 is 7.7933



14. For the following distribution estimate the parameter a and 6 from the data given below

1 _
f(x,o,0)= x%e !
’90!+l . .
a. Observations: 3.1,10.27,8.60,7.1,5.82,0.04

Answer:

We have to estimate a and 8 based on the given sample observations. Hence we need to
find uy’ and o’

= gxf(x, a,0)dx = ({xﬁ % dx=(a+1)f-—-(1)

1

a+1

e =(a+1)(@+2)6* ———(2)

U = [x*f(x,0,0)dx = [x*
0 o alé

Equation (2) by equation (1) implies

£ —(a+2)0----0)
H

Equation (3) - equation (1) implies

, NPy
ﬂ_%_ﬂi:(a+2)9—(a+1)9=9:>§=w
H #

Substituting this value of 8 in equation (1)

! '\2 '\2
=G+ 2=y g B

2
H My — (1)
Moment estimators of © and a are
' '\2 ' '\2
o=t — ()" _ my —(my)

H my




inz > Xi
no | n 5
_ :35.38782—(5.8217) — 0256905
S xi 5.8217
n
| P
g _m) _Con T 582IT o ceng
0 2] 6 0.256905

Therefore moment estimate of 6= 0.256905 and

Moment estimate of a = 21.6608

15. Assuming the distribution to be Normal estimate the parameters of the distribution for
the following data by the method of moments

Centralvalue:30 35 40 45 50 55 60
Frequency : 5 9 15 32 28 10 8
Answer:

Let p and o® be the parameters of the Normal population then we know that p;’ = p and ¢®
= o' — (W)?

By the method of moments the estimation of population moments are obtained by equating
Ui’ =my = sample mean

62 = my — (m1)2= sample variance

N ek

N N

Therefore the moment estimate of 1 = i = 2fx_ 4585 =45.85
N 100

52— Ly o (Zfrp 215875

— (45.85)% =56.5275
N N 100

Therefore moment estimate of y=45.850

Moment estimate of o® = 56.5275



