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B4.1-R4 : COMPUTER BASED NUMERICAL AND STATISTICAL TECHNIQUES

1. (a) Young's modulus is determined from the deflection of a rod of rectangular cross-

section by the formula 
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=  where l is the length of rod, a and b are the

dimensions of the cross-section, s is the bending deflection, and p is the load.
Compute the relative error in determination of Young’s modulus E if p=20 kgf,
δp=0.1%, a=3 mm, δa=1%, b=44 mm, δb=1%, l=50 cm, δl=1%, s=2.5 cm,
δs=1%

(b) Given the equation x−e−x=0, find the smallest positive root correct to three
decimal places using Newton Raphson method.

(c) Consider the switching network shown in Figure.  It is equally likely that a switch
will or will not work. Find the probability that a closed path will exist between
terminals a and b.

(d) Consider the function given by
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If X is the r.v. whose cdf is given by F(x), find

(i)
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(ii) P(X=0)
(e) Using the method of moments estimators, find the point estimates of α and θ, for

α gamma distribution with mean µ=αθ and variance σ2=αθ2.
(f) Let E, ∆ and ∇ respectively denote the shift operator, forward difference operator

and backward difference operator.  Then show that (i)  E ≡ ∆+1 And
(ii) E ≡ (1−∇)−1

NOTE :

1. Answer question 1 and any FOUR questions from 2 to 7.

2. Parts of the same question should be answered together and in the same sequence.

3. Only Non-Programmable and Non-Storage type Scientific Calculator allowed.
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(g) John wants to know if there is a relation between the number of hours he spends
preparing for his weekly quiz and the grade he receives on it. He keeps records
for 10 weeks. It turns out that on the average, he spends 3.6 hours a week preparing
for the quiz, with the standard deviation of 0.5 hours. His average grade is 82
(out of 100), with the standard deviation of 14. The correlation between the two
variables is r=0.62.

(i) Find the equation of the regression line predicting the quiz grade based on
the time spent on preparation.

(ii) This week, John studied 'for 4 hours. Predict his grade.

2. (a) Find the inverse of matrix

1 1 1

A 4 3 1

3 5 3

 
 
 
  

= −

using Gauss Jordan method without partial pivoting.

(b) Construct the Lagrange interpolation polynomial for the data

x −1 1 4 7

f(x) −2 0 63 342

Hence, interpolate f(x) at x=5

3. (a) The joint cdf of a bivariate r.v. (X,Y) is given by
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(i) Find the margincal cdf’s of X and Y.

(ii) Show that X and Y are independent.

(iii) Find P(X ≤ 1, Y ≤ 1) & P(X ≤ 1)

(b) Find f ’ (2.5) and f ’’ (2.5) using the Newton’s backward difference method, for
the data of the function f (x)=ex+1

x 1 1.5 2 2.5

f(x) 3.7183 5.4817 8.3891 13.1825

Find the magnitudes of the actual errors.

4. (a) Find the approximate value of 
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 using the trapezoidal rule with

4 and 8 equal sub intervals. Using the exact solution, find the absolute errors.

(b) Solve the system of equations

−4x1+x2−x3=−8

3x1−6x2+2x3=23

x1−3x2+7x3=17

Using Gauss seidel method correct to two decimal places.

(9+9)

(9+9)

(9+9)

(7x4)
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5. (a) Let X1, X2, …, Xn be a random sample from the exponential distribution with

1
 e   0 < < , > 0

p.d.f ( ; )  

0                   Otherwise
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Find the maximum likelihood estimate of θ.

(b) The number of defective hard drives produced daily by a production line can be
modeled as a Poisson distribution. The counts for ten days are

7 3 1 2 4 1 2 3 1 2

Obtain the maximum likelihood estimate of the probability of 0 or 1 defectives on
one day

(c) Use the following data

3 34 7 4 19 2 1 19 43 2

22 4 19 11 7 1 2 21 15 16

Use the method of moments to find point estimate of p, where p is a probability of
success in geometric distribution.

6. (a) All manufactured devices and machines fail to work sooner or later. Suppose
that the failure rate is constant and the time to failure (in hours) is an exponential
r.v. X with parameter λ.

(i) Measurements show that the probability that the time to failure for computer
memory chips in a given class exceeds 10 hours is e−1) (≈≈≈≈≈0.368). Calculate
the value of the parameter λ.

(ii) Using the value of the parameter λ determined in part (i), calculate the time
x0  such that the probability that the time to failure is less than x0 is 0.05.

(b) Let X equal be the thickness of spearmint gum man-manufactured for vending
machines. Assume that the distribution of X is N(µ, σ2). The target thickness is
7.5 hundredths of an inch. Test the null hypothesis H0:µ=7.5 against a two-sided
alternative hypothesis at level of significance 0.05.

Calculate the value of the test statistic and state your decision clearly, using the
following n=10 thicknesses in hundredths of an inch for pieces of gum that were
selected  randomly from the production line :

7.65 7.6 7.65 7.7 7.55

7.55 7.4 7.4 7.5 7.5 (9+9)

(6+6+6)
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7. (a) A product is packaged by a machine with 24 filler heads numbered 1 to 24, with
the odd numbered heads on one side of the machine and the even on the other
side. Let X and Y equal the fill weights in grams when a package is filled by an
odd-numbered head and an even-numbered head, respectively. Assume that the
distributions of X and Y
are N(µx, σ

2 ) and N(µy, σ
2 )respectively, and that X and Y are independent. Test

the null hypothesis H0 : µx−µy=0 against the alternative hypothesis
H1:µx−µy≠−0. Use level of significance 0.10

1071 1076 1070 1083 1082 1067

1078 1080 1075 1084 1075 1080

1074 1069 1075 1067 1068 1079

1082 1064 1070 1073 1072 1075

X

Y

(b) Find the cubic polynomial which takes the following values

y(1)=24, y(3)=120, y(5)=336, y(7)=720

- o O o -

(12+6)
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