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1. (15%) Find a suitable integration factor a(x) or a(y), and use it to find the general solution 

of the differential equation 

dx + (3x - e-Zy )dy = 0 

2. (15%) Solve the following differential equation 

y"- (x2 + 1)y = 0 with y(O) = 0 and y'(O) = 1 

3. (20%) Consider a particle of mass m, carrying an electrical charge q, and moving in a uniform 

magnetic field of strength B. The field is in the positive z direction. The equations of motion 

of the particle are 
mx" = qBy' 

my"= -qBx' 

mz" = 0 

where x(t), y(t), z(t) are x, y, z displacements as a function of the time t. Find the general 

solution for x(t), y(t), z(t). 

4. (25%) Mark each of the following statements True (T) or False (F). 

(a) If A and Bare two n x n non-invertible matrices, then AB is also non-invertible. 

(b) If a square matrix A is not invertible, then A + I is invertible, where I is the identity 

matrix of the same size as A. 

(c) Let W be a subspace of an inner product space V, and W.L be the orthogonal complement 

of W. In general, we have W U W.L = V. 

(d) We can transform any linear independent set of non-zero vectors into an orthogonal set 

of vectors by the Gram-Schmidt process. 

(e) Let T be a linear transformation from a vector space V to a vector space W. Define a 

transformation S : v ---+ T(v) + W 0 from V to W, where W 0 is a constant vector in W. 

Then S is also a linear transformation from V to W. 

5. Suppose that A is a 6 x 4 real matrix of rank 4. Let W =AT A and S = AAT. 

(a) (10%) Find the ranks of WandS, respectively. 

(b) (5%) Explain why .A= 0 is an eigenvalue of S. 

(c) (10%) What is the (algebraic) multiplicity of the eigenvalue .A= 0 of S? 


