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1. A function .f is defined for all .r as follows: 

.f ( .r) = { r;~. if ;r is~ rational; 
if :r iR i'rra tiona.l. 

Let Q(h) = .f(h)/h if h -:/= 0. 

(a) Prove that Q(h)-+ 0 aR h-+ 0. (5 %) 

(b) Prove that f has a. derivative at 0, and cornpute f'(O). (5 cYc-i) 

2. Evaluate the integrals. 

(a) J v'2r. + ld.r (59{.) 

(b) J(2 + 3x) Rin5xdx (5 %)) 

(C) J (x2+~=-!.r)l/5 dx ( 5 <j(,) 

3. Detennine the derivative f'(.r ). In each case, the function f is a .. 'istuned to be 
defined for all real :r for which the given fonnula for .{(:1·) is rneaningful. 

(a) f( :r) = siu[siu( sirLr)] ( 5 <;{,) 

{b) .f(:r) = y';r· + 1-log(l + y'.r + 1) (5 %) 

(c) f(.T) = (log:rY (5 %.) 

4. Evaluate the li1nits. 

(a) 11.111 .fi-.(ii+~ (r-: 01 ) x-ta+ J 2 2 ,) f(; x -a 

(b) lin1;r.-tl :1~ 1 /( 1 -x). (59{.) 

5. The nmtrix C i:-; defined a:-; 

( 

1/3 -2/:3 -2j:3 ) 
c = -2j:3 1/3 -2/3 . 

-2/3 -2/3 1/:3 

Find a.ll the eigenvalues of C and its inverse nw.tri.x. (10 o/t.) 
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6. Give the following two quadratic fonns, 

x TAx= (xi+ 2x2)2 +(xi+ ~.x2) 2 +(xi+ x3)2; 

T 2 2 )2 x Bx = (6x1 - 4x3) + (x1 - 2x2) + (3x2 - X3 . 

(a) Identify 3 by 3 symmetric n1atrices A and B (10 %) 

(b) Show that A is positive definite and B is positive smni-definite. (10 %) 

7. For the 1natrix B below, find a scalar t such that B + tl is positive-definite. (10 
%) 

( 

-3 2 0 ) 
B= 2 1 1 . 

0 1 -2 

8. Let A be an n x rt synunetric n1atrix such that At = At+l for son1e positive 
integer t, t > 2. Show that A is an ide1npotent 1natrix, i.e. A2 =A. (10 %) 


