
18.085 FALL 2002 QUIZ 3 SOLUTIONS 

PROBLEM 1 
a) The graph looks likc a symmctric buttcrfly. It is periodic with no discontinuitics (but has kinks at x = 0 and 

x = k7r, whcrc the slopc jumps). 

. .. . 
b) d f l d z :  Thc right half of the graph becomes -ee": now it's an odd buttcrfly. 8f / d x 2 :  Back to thc cvcn 

buttcrfly with 6-functions -26 ( 2 )and 2ee"6 ( x- 71). The 6-functions comc from jumps in d f l d x .  
c) From b) 

--	d 2 f  + f = 26 (2 )- 2ee"6 ( z- T )  
dx2  

If 
f ( x )= C c k e i k Z  

thcn (recall 6 ( x )= C eik"; 5+ i k ) :  

Equate cocfficicnts of likc terms: 

(k2+ 1 ) Ck = -
1 

(1 - ( - I ) ~ee")  
7r 

The solution of this algebraic cquation is thc samc answer as bcforc, 



PROBLEM 2 

a) Thc casicst way to pcrform this convolution is thc matrix way: 

Thcn 

Thc answcr in part a) is confirmcd! 

Thcrcforc, wc nccd Cl = 0: C:<= 0 in ordcr to havc u * z = (0 ,0 ,0 ,O) .  So thc Fouricr cocfficicnts of z must bc 
( 0 ,a, 0 ,  b )  for any a and b. Thcn 



Wc can chcck this rcsult by convolution: 

PROBLEM 3 
a) Sincc f ( x )vanishcs outsidc of [-I ,  11 thc limits of intcgration arc -1 and 1: 

c o s k - 1 

k 

b) Multiply by i k  for thc dcrivativc: 

D ( k )= 2 - e" - eeik = -2 (cos k  - 1)  

Convolution bccomcs multiplication in thc Fouricr domain. Thcrcforc thc transform is 

(cos k - 1 )  2 

i ' ( k ) =  i ) ( k ) f ( k )  =-4i  
k 

This confirms that thc dcrivativc D = d f l d x  consists of 6-functions at x = 0, -1,l 


