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Mathematical Sciences 

 (19/28) 
Note: This paper contains FIFTY (50) multiple-choice questions. Each Question carries ONE (1) mark.  

 

01) The set {𝑟 ∈ ℚ: 𝑟ଶ < 5} 
A) has no supremum in ℝ 
B) has supremum in ℝ but no supremum in ℚ 
C) has supremum in ℚ 
D) is not bounded above in ℝ. 

 

02) The sequence ቄ(999)
ଵ

௡ൗ ቅ 

A) converges to 0 
B) converges to 1 
C) diverges to ∞ 
D) converges to 999. 

 

03) Which of the following series are divergent? 

(i) ∑ ቀ(𝑛ଷ + 1)
భ

య − 𝑛ቁஶ
௡ୀଵ  

(ii) ∑
ଵ

௡భశభ ೙⁄
ஶ
௡ୀଵ ,  

(iii) ∑ ට
ସ௡యାହ

ହ௡ఱା଺

ஶ
௡ୀଵ . 

A) (i), (ii) and (iii) 
B) (i) and (ii)  
C) (ii) and (iii) 
D) (i) and (iii). 
 

04) Which of the following functions is not uniformly 
continuous on (0, 1)? 

A) 𝑥 sin
ଵ

√௫
 

B) 𝑥ଶ 

C) 
ୱ୧୬ ௫

௫
 

D) 𝑒௫ cos
ଵ

௫
. 

 

05) If 𝑓 is a monotonically decreasing function defined 
on [𝑎, 𝑏], 𝑎 < 𝑏,and  
𝐸 = {𝑥 ∈ [𝑎, 𝑏]: 𝑓 is not differentiable at 𝑥}, then  
A) 𝑚𝐸 = 𝑏 − 𝑎 
B) 𝑚𝐸 = 0 
C) 0 < 𝑚𝐸 < 𝑏 − 𝑎 
D) 𝐸 is finite. 

 

06) If [𝑥] denotes the greatest integer less than, or 

equal to, 𝑥, then the limit lim
௫⟶଴

[௫]

௫
 

A) does not exist 
B) is equal to 1 
C) is equal to 0 
D) is equal to −1. 

 
 
 
 

 

07) For a non-empty subset 𝑆 and a point 𝑥 in a 
connected metric space (𝑋, 𝑑), let  
𝑑(𝑥, 𝑆) = inf{𝑑(𝑥, 𝑦): 𝑦 ∈ 𝑆}. Which of the following 
statements is false? 
A) If 𝑆 is open and 𝑑(𝑥, 𝑆) > 0, then 𝑥 is not an 

accumulation point of 𝑆. 
B) If 𝑆 is closed and 𝑑(𝑥, 𝑆) > 0, then 𝑆 does not 

contain 𝑥. 
C) If 𝑆 is open and 𝑑(𝑥, 𝑆) = 0, then 𝑥 ∈ 𝑆. 
D) If 𝑆 is closed and 𝑑(𝑥, 𝑆) > 0, then 𝑥 is not an 

accumulation point of 𝑆. 
 

08) Let 𝑓: ℝଷ → ℝଶ be defined as 𝑓(𝑥, 𝑦, 𝑧) = (2𝑥 +

𝑦, 3𝑦 − 4𝑧), (𝑥, 𝑦, 𝑧) ∈ ℝଷ. Then which of the  
following is not true? 
A) 𝑓 is differentiable only at (0,0,0).               
B) (𝐷𝑓)(𝑥, 𝑦, 𝑧) = 𝑓 for every (𝑥, 𝑦, 𝑧) ∈ ℝଷ. 
C) 𝑓 is differentiable in ℝଷ.                             
D) (𝐷𝑓)(0,0,0) = 𝑓.        

 

09) The radius of convergence of the power series 

∑
଻೙

௡!
𝑧௡ஶ

௡ୀଵ  is 

A) 7 

B) 
ଵ

଻
 

C) 0 
D) ∞ 

 

10) The series ∑
ୡ୭ୱ ௡గ

ଶ௡ାଵ

ஶ
௡ୀଵ  is  

A) not alternating 
B) alternating but not convergent 
C) convergent but not absolutely convergent    
D) absolutely convergent. 

 

11) Let 𝑓: [0, 1] → ℝ be defined as 𝑓(0) = 0 and 

𝑓(𝑥) =
ଵ

௡
 if 

ଵ

𝒏ା𝟏
< 𝒙 ≤

𝟏

𝒏
 for 𝒏 = 𝟏, 𝟐, …. Then 

on[𝟎, 𝟏], 𝒇 is 
A) not Riemann integrable                     
B) Riemann integrable but not continuous 
C) continuous but not monotonic                   
D) Riemann integrable as well as continuous. 

 

12) The integral ∫
𝟏

√𝒙
𝒅𝒙

ஶ

𝟏
 

A) is equal to 𝟐√𝒙 
B) is equal to 𝟐 

C) is equal to 
𝟏

𝟐
 

D) does not exist. 
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13) A harmonic conjugate of 𝒖(𝒙, 𝒚) = 𝟐𝒙(𝟏 − 𝒚) is                           
A) 𝟔𝒙𝒚 − 𝟔𝒙𝒚 
B) 𝟑𝒚𝟐 − 𝟑𝒙𝟐 
C) 𝒙𝟐 − 𝒚𝟐 + 𝟐𝒚 
D) 𝒙𝟑 − 𝟑𝒙𝒚𝟐 

 

14) The Laurent series expansion of the function  
 

𝒇(𝒛) =
𝒆𝒛

𝒛(𝒛𝟐ା𝟏)
 in the domain  𝟎 < |𝒛| < 𝟏 is 

 

A) 
𝟏

𝒛𝟐 + 𝒛 −
𝟏

𝟑
𝒛 −

𝟓

𝟔
𝒛𝟐 + ⋯ 

B) 
𝟏

𝒛
+ 𝟏 −

𝟏

𝟐
𝒛 −

𝟓

𝟔
𝒛𝟐 + ⋯ 

C) 
𝟐

𝒛
+ 𝒛 −

𝟏

𝟐
𝒛𝟐 −

𝟓

଺
𝒛𝟑 + ⋯ 

D) 
𝟑

𝒛
+ 𝟐 −

𝟏

𝟑
𝒛 −

𝟏

𝟒
𝒛𝟐 + ⋯ 

 

15) The value of the integral ∫
𝒛 𝒅𝒛

𝟐𝒛ା𝟏
𝒅𝒛

𝑪
, where 𝑪 is the 

positively  oriented circle |𝒛| = 𝟐 is 

A) 
𝒊𝝅

𝟐
 

B) 
𝝅

𝟑
 

C) 
ି𝒊𝝅

𝟐
 

D) 
𝝅

𝟒
 

 

16) The linear fractional transformation that maps the 
points 𝒛𝟏 = 𝟐, 𝒛𝟐 = 𝒊, 𝒛𝟑 = −𝟐on to the points  
𝒘𝟏 = 𝟏, 𝒘𝟐 = 𝒊, 𝒘𝟑 = −𝟏 is given by 

A) 𝒘 =
𝒛ା𝟐𝒊

𝒛ା𝟒
 

B) 𝒘 =
𝟑𝒛ି𝟐𝒊

𝒛ା𝟔
 

C) 𝒘 =
𝒛ା𝟓𝒊

𝒛ା𝟑
 

D) 𝒘 =
𝟑𝒛ା𝟐𝒊

𝒊𝒛ା𝟔
 

 

17) The residue at 𝒛 = 𝒊 of the function 
𝒛𝟐ି𝟐𝒛

(𝒛ି𝒊)𝟑 is  

A) 𝟏 
B) 𝒊 
C) −𝒊 
D) 𝟐𝒊 

 

18) Eigen values of a real symmetric matrix are always 
a 
A) positive real number 
B) negative real number 
C) purely imaginary number 
D) real number 
 
 
 
 

19) Let 𝑾𝟏 and 𝑾𝟐  be finite dimensional subspaces of 
a vector space 𝑽, with 𝐝𝐢𝐦 𝑾𝟏 = 𝟔,   
𝐝𝐢𝐦 𝑾𝟐 = 𝟓 and 𝐝𝐢𝐦( 𝑾𝟏 + 𝑾𝟐) = 𝟗. Then 
A) 𝑾𝟏 ∩ 𝑾𝟐 need not be a finite dimensional 

subspace of 𝑽 
B)  there exists a non-zero vector 𝒖 such that 

𝑾𝟏 ∩ 𝑾𝟐 = [𝒖] 
C)  there exists vectors 𝒖𝟏, 𝒖𝟐 ∈ 𝑾𝟏 ∩ 𝑾𝟐  such 

that {𝒖𝟏, 𝒖𝟐} is a basis for 𝑾𝟏 ∩ 𝑾𝟐 
D) dimension of 𝑾𝟏 ∩ 𝑾𝟐  must be between 𝟑 

and 𝟔 
 

20) The nullspace of a 𝟑 by 𝟒 matrix 𝑨 is the span 
[(𝟏, 𝟏, 𝟎, 𝟎), (−𝟏, −𝟏, 𝟎, 𝟎)]. Then the rank of 𝑨  is 
equal to 
A) 1    
B) 2    
C) 3    
D) 4 

21) Let 𝑾 be a subspace of a vector space 𝑽 and let 𝑺  
be a linearly dependent set in 𝑾. Which of the   
following statement is false? 
A) If 𝑺𝟏 is a subset of 𝑽  such that 𝑺 ⊆ 𝑺𝟏  then 𝑺𝟏 

must be linearly dependent. 
B) If 𝒙 ∈ 𝑽 and 𝒙 ∉ 𝑾  then𝑺 ∪ {𝒙} is linearly 

dependent. 
C) There exists a subset 𝑺𝟏 ⊂ 𝑺 such that 𝑺𝟏 is 

linearly independent. 
D) Every nonempty subset of 𝑺 is linearly 

dependent. 
 

22) A cyclic group of order 60 has 
A) 16 generators 
B) 20 generators 
C) 12 generators 
D) 32 generators 
 

23) Let 𝑹 be an integral domain and let 𝑹[𝒙] be the 
polynomial ring in variable 𝒙 over 𝑹. Then which of 
the following statement is true? 
A) 𝑹[𝒙] is an Euclidean domain 
B) 𝑹[𝒙] is an integral domain 
C) 𝑹[𝒙] is a field 
D) 𝑹[𝒙] is a division ring 

 

24) Which of the following is not a field? 

A) 𝑪[𝟎, 𝟏]
𝑰

ൗ  , where 𝑰 = {𝒇 ∈ 𝑪[𝟎, 𝟏]| 𝒇 ቀ
𝟏

𝟑
ቁ = 𝟎} 

B) ℤ
𝟐ℤൗ  

C) ℤ𝟏𝟏
(𝒙𝟐 + 𝟏)൘  

D) ℤ
𝟏𝟎ℤൗ  
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25) Let ℂ be the field of complex numbers and let ℂ∗ 
be the group of nonzero complex numbers under  
multiplication. Then which of the following is true? 
A) ℂ∗ is cyclic 
B) ℂ∗ has finitely many finite subgroups. 
C) Every finite subgroup of ℂ∗ is cyclic 
D) Every proper subgroup of ℂ∗is cyclic 

 

26) Which one of the following binary operations on set 
of natural numbers ℕ is commutative? 

A) 𝒂 ∗ 𝒃 = 𝒂𝒃 
B) 𝒂 ∗ 𝒃 = 𝟐𝒂 + 𝟑𝒃 
C) 𝒂 ∗ 𝒃 = 𝟑𝒂 + 𝟐𝒃 
D) 𝒂 ∗ 𝒃 = |𝒂 − 𝒃| + 𝟏 

 

27) Which one of the following matrices is idempotent? 

A) ቀ
𝟏 𝟎
𝟎 𝟏

ቁ 

B) ቀ
𝟏 𝟏
𝟏 𝟎

ቁ 

C) ቀ
𝟏 𝟏
𝟎 𝟏

ቁ 

D) ቀ
𝟏 𝟏
𝟏 𝟏

ቁ 

 

28) Which of the following matrices is not in row-
reduced echelon form?  

A) ൭
𝟏 𝟎 𝟎
𝟎 𝟏 𝟎
𝟎 𝟎 𝟎

൱ 

B) ൭
𝟏 𝟏 𝟎
𝟎 𝟎 𝟏
𝟎 𝟎 𝟎

൱ 

C) ൭
𝟏 𝟎 𝟎
𝟏 𝟏 𝟏
𝟎 𝟎 𝟏

൱ 

D) ൭
𝟏 𝟎 𝟎
𝟎 𝟏 𝟎
𝟎 𝟎 𝟏

൱ 

 

29) If 𝒑(𝒙) is a differentiable function  and  𝒑(𝒙) > 𝟎 , 
then the Wronskian of solutions  𝑾(𝒙) of the 

equation  
𝒅

𝒅𝒙
ቂ𝒑(𝒙)

𝒅𝒚

𝒅𝒙
ቃ + 𝒒(𝒙)𝒚 = 𝟎 is 

A) 𝑾(𝒙) =
𝒄

𝒑(𝒙)
 , 𝒄 being a constant  

B) 𝑾(𝒙) = 𝒑(𝒙)
𝒅𝒒(𝒙)

𝒅𝒙
+ 𝒒(𝒙)

𝒅𝒑(𝒙)

𝒅𝒙
 

C) 𝑾(𝒙) = 𝒄 𝒆𝒙𝒑[− ∫ 𝒒(𝒙)𝒅𝒙], 𝒄 being a constant  
D) 𝑾(𝒙) = 𝟎. 

 

30) If one solution of the equation   
𝒅𝟐𝒚

𝒅𝒙𝟐 − 𝟒𝒙 
𝒅𝒚

𝒅𝒙
+

(4𝑥ଶ − 2)𝑦 = 0 is 𝑦ଵ(𝑥) = 𝑒௫మ
, then the other 

linearly independent solution 𝑦ଶ(𝑥)  is  

A) 𝑦ଶ(𝑥) = 𝑒ି௫మ
 

B) 𝑦ଶ(𝑥) = 𝑥ଶ𝑒௫మ
 

C) 𝑦ଶ(𝑥) = 𝑥𝑒௫మ
 

D) 𝑦ଶ(𝑥) = 𝑒௫మ
𝑙𝑜𝑔𝑥 

31) The extremals of the functional  𝑣[𝑦(𝑥)] =

∫
ଵ

௫

௫భ

௫బ
ඥ1 + 𝑦′ଶ 𝑑𝑥  are 

A) circles with centres on 𝑦-axis 

B) circles with centres on 𝑥-axis 

C) ellipses 

D) Parabolas 
 

32) Which of the following statements is not true for 

the equation  𝑥ଶ డమ௨

డ௫మ − 𝑦ଶ డమ௨

డ௬మ − 2𝑦
డ௨

డ௬
= 0 ? 

A) Equation is hyperbolic on ℝଶ\{(𝑥, 𝑦): 𝑥 = 0, 𝑦 =

0} and  the variables 𝜉  and 𝜂 for reducing the 

equation to canonical form are  𝜉 =
௬

௫
  and 

𝜂 = 𝑥𝑦 . 
B) The equation is parabolic on  𝑥 = 0, 𝑦 = 0 

C) The equation is not elliptic 

D) The equation is hyperbolic on ℝଶ. 
 

33) The complete integral of the equation  𝑧 = 𝑝𝑥 +

𝑞𝑦 +
௣௤

௣௤ି௣ି
   ,where  𝑝 =

డ௭

డ௫
 and   𝑞 =

డ௭

డ௬
  , 

represents  
A) all planes with sum of intercepts on three 

coordinate axes unity 

B) all planes passing through origin 

C) all planes parallel to 𝑥𝑦-plane 

D) all planes whose distance from origin is unity 
 

34) If two variables, x and y, have a very strong linear 
relationship, then 
A) There is evidence that x causes a change in y  
B) There is evidence that y causes a change in x  
C) There might not be any causal relationship 

between x and y  
D) None of these alternatives is correct 

 

35) Consider the following statements: 
I. The bias of ratio estimator for population 

mean becomes zero if the regression of Y on 
X passes through the origin. 

II. The ratio estimator of population mean is 
more efficient than sample mean when the 
correlation coefficient between X and Y is 
greater than zero. 

Which of the above statements is/are correct? 
A) I only 
B) II only 
C) Both I and II 
D) Neither I nor II 
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36) Let nXXX ,..., 21 be iid with 

.0,10,)( 1     xxxf  Then the Cramer-

Rao Lower Bound for estimating  is 
 

A) n    
 

B) n



   
 
 

C) n

2

  
 

D) 
2

2

n



 
 
 

 

37) Which of the following statements is not true? 
A) If Θ଴and Θଵ are both composite, then we need 

to find a UMP test 
B) The class of all test functions of size α  is 

convex 
C) UMP test always exists for every problem 

(𝛼, Θ଴, Θଵ) 
D) All of these. 

 

38) Let Y1, Y2, Y3 and Y4 be uncorrelated observations 

with common unknown variance 2 and 
expectations given by 
 

E(Y1) = 1 + 2 + 3 = E(Y2), E(Y3) = 12 = E(Y4), 
 

where 1,2 and 3 are unknown parameters. 

Define e1 = (Y1-Y2)/√2  and e2 = (Y3-Y4)/√2.  An 
unbiased estimator of σ2 is 
 
A) (𝑒ଵ

ଶ − 𝑒ଶ
ଶ)/2 

B)  (𝑒ଵ
ଶ + 𝑒ଶ

ଶ)/2 
C) (𝑒ଵ

ଶ + 𝑒ଶ
ଶ)/4 

D) 𝑒ଵ
ଶ + 𝑒ଶ

ଶ 
 
 
 
 
 
 
 

39) Let X be a random variable having the probability 
function:  

.,...,2,1,0,)1(),( nx
x

n
xf xnx 








  If 

n

x
xd )( , then the risk function ),( dR   under  

squared error loss function is: 

A) n

)1( 

  

B) n

)1( 

  

C) n

)1(  

  

D) n

2

 
 

40) Let 21,xx  be iid as exponential with density: 

0,0,
1

)( /   


 xexf x
 . Let  

211 4.06.0 xxu   and 212 xxu  . Which of 

the 1u  and 2u  is sufficient for  ? 

A) Only 1u   

B)  Only 2u   

C) Both 1u  and 2u   

D) Neither 1u  and 2u  
 

41) Suppose for a normal distribution the population 
mean is 50 and the population variance is 36. The  
distribution of the sample mean of 100 
observations has which of the following normal 
distribution? 
A) N(50, 36)        
B) N(50, 3.6)         
C) N(50, 0.36)             
D) N(50, 0.6) 

 

42) Consider the following five observations on ( X, Y): 
(0, 1), (1, 2), (2, 3), (3, 2), (4, 1). Then 
A) The least square liner regression of Y on  X is 

Y = 9/5 
B) The least square linear regression of X and Y 

is X = 2Y + 3 
C) The correlation coefficient between X and Y is 

+1 
D) None of the above. 
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43) If 3, 8, 5, 4 and 10 are exponential samples with 

mean . The Fisher information function evaluated 

at =2 is 
A) 0.50  
B) 0.80  
C) 1.20  
D) 1.25 

 

44) Which of the following is TRUE with regard to 
multicollinearity in multiple regression analysis? 
A) It increases the influence of the individual 

variables in the model 
B) It reduces the predictive power of the model 
C) It increases the reliability of the regression 

coefficients 
D) It reduces the effectiveness of sensitivity 

analysis of the model 
 

45) With the usual notations, find p for a binomial 
random variable x, if n= 6 and if 9 P (X=1) = 
P(X=2). 
A) 12/15  
B) 18/23  
C) 19/27  
D) 9/14 

 

46) If the pgf of a certain distribution is given as P(s) = 
3s2+2s+6. What is the mean of this distribution?  
A) 4               
B) 6   
C) 8   
D) 10    
 

47) The means of two large samples of sizes 1000 and 
2000 are 67.5 and 68.0 respectively. The standard 
error of the difference of the mean when the two 
populations have equal standard deviation 2.5 is 
A) 0.210  
B) 0.193  
C) 0.097   
D) 0.002 

 

48) According to Mendelian inheritance, offspring of a 
certain crossing should be colored red, black, or 
white in the ratios 9:3:4. If an experiment gave 72, 
40, and 48 offspring in those categories in an 
observed sample, what should be the expected 
number of black colored offsprings if we assume 
that the Mendelian theory is substantiated? 
A) 25   
B)  30   
C) 35   
D) 38 

49) Consider the following statements: 

I. Correlation is a measure of degree of 
association between two variables 

II. Correlation measures linearity of variables 

III. Correlationis a non-directionalquantity 
Which of the above statements are correct? 
A) Only I is correct   
B) Both I and II are correct  
C) Both I and III are correct  
D) Both II and III are correct 

    

50) Let N(t) be a Poisson process with constant 
intensity function on R. What is the covariance of 
N(s) and N(t)? 

A) s, if s<t  

B) (t-s), if s<t   

C) (s-t), if (t<s)  

D) (s+t) 
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Rough Work: 


