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Note : Question no. 1 is compulsory. Answer any four 

questions out of the remaining six numbered 2 to 7. 

Calculating devices are not allowed. 

1. State whether the following statements are true 

or false, with a brief justification : 	 5x2=10 

(a) The cycle Cn  is bipartite for every integer 

n > 3. 

(b) The complement of a disconnected graph is 

always connected. 

(c) Every Eulerian graph is Hamiltonian. 

(d) The chromatic number of Km, n is 

min(m, n). 

(e) Every simple graph is 4-colourable. 
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2. (a) Check whether the graphs in the figure 

below are isomorphic or not. Justify your 

answer. 3 

(b) If 8(G) 2 for a graph G, then prove that G 

contains a cycle. 	 3 

(c) Define a'(G) and VG). Prove that 

cre(G) + [3'(G) = n(G). 	 4 

3. (a) If G is a simple graph which is 

self-complementary, then prove that 

diam(G) = 3. 5 

(b) Prove that a simple graph is connected, if 

and only if it has a spanning tree. Further, 

show that a simple graph is a tree, if and 

only if it has exactly one spanning tree. 
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4. (a) Let A = (A.1, .. , Am) be a collection of 

subsets of a set Y. A System of Distinct 

Representatives (SDR) for A is a set of 

distinct elements a. '  .. . , aIn  E Y such that 1  
a. e A. for i E (1, ..., ml. Prove that A has an 

SDR, if and only if 

U A. I ISI 	 6 

E s 

(b) Prove that the minimum number of edges 

in a K-connected graph on n vertices is 

[ I  	I 
4 

5. (a) If f is a feasible flow and [S, '1] is a 

source-sink cut, then prove that the net 

flow out of S equals the net flow into T. 3 

(b) Show that in a k-critical graph, G, 

8(G) k — I. 	 3 

(c) If G is a simple graph on n vertices, where 

n 3, and 8(G) 	
2  —

n
, then prove that G is 

Hamiltonian. 	 4 

6. (a) Draw a graph, G, with a vertex v so that 

X(G — v) < X(G) and X( G — v) < X( G ). 	3 

(b) Prove that K3 ,  3 is non-planar. 	 3 
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(c) Show that the number of vertices of degree 

1 in any tree is 	1+ —
1 I I d(v) 

— 
21 , 

2 v ev 

where V is the set of vertices of the tree. 

7. (a) If h is a connected planar, simple graph 

with n vertices and e edges, n ?_ 3, with 

girth 5, prove that 3e 5 (n — 2). Deduce 

that the Petersen Graph is not planar. 

(b) Show that the sequence {1, 1, 2, 2, ..., k, k} 
is graphical, for every k .. 1. 

(c) Let xy be an edge in a simple graph, G. 
Prove that 

K(G — xy) > x(G) — 1. 	 3 
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