SULTAN QABOOS UNIVERSITY — COLLEGE OF SCIENCE
DEPARTMENT OF MATHEMATICS AND STATISTICS
FALL- 2010 FINAL EXAMINATION
MATH 3171 - LINEAR ALGEBRA AND MULTIVARIATE CALCULUS FOR ENGINEERS

TIME ALLOWED: 150 MINUTES TOTAL MARKS: 80
ANSWER ALL SIX QUESTIONS. SHOW ALL WORK FOR FULL CREDIT

X, +x,=0
. ) =X, + X, + X, —x, =1
Consider the system of equations
-3x, +x-x=0
2% tx;t+x, =4
(a) [5 Marks] (i) Define rank of a matrix.
(i) Find the ranks of the coefficient and augmented matrices of the given
system.

(b) [3 Marks] (i) Determine whether the above system is consistent or not. Justify your

answer.
(i) Find the solution of the given system if it is consistent.

(¢) [2 Marks] Determine whether the coefficient matrix of the given system is invertible or
not. Justify your answer.

(a) [2 Marks] Show that an orthogonal transformation preserves the value of the inner
product of vectors.

2.9 -9
(b) Consider the matrix A=|0 5 -3
0 6 4

(i) [6 Marks] Find the eigenvalues and the corresponding eigenvectors of A.

(i) [7 Marks] Find a non-singular matrix X such that X'AX is a diagonal matrix,
where X' is the inverse of X.

(a) [ Marks] Let U=[1, 2, 3]and V=[0, -3, S5]. Verify that
UxV =(Ue(Vxi))i+(Ue(Vx)))j+(Ue(VxK))k.

(b) [3 Marks] Find an equation of the tangent plane to the graph of z = -;—xz + —;— Y +4 at

the point P: (1,1, 5).

(c) [3 Marks] Let velocity vector of a fluid motion be
V =[e*cosy+yz, xz—e" siny,xy+z].
Determine whether the flow is irrotational or not.

PI.LEASE TTIRN OVER




4. (a) [4 Marks] Show that in the absence of friction, the work (7) done by the force F in
moving a particle of constant mass m along the smooth curve C described
by the vector function r(¢) from the point A at #=a to the point B at r=5

is the same as the change in kinetic energy, W =%m | v(d) | —%m |v(a);

v is the velocity of the particle.

(b) [4 Marks] Find the work done by the force F(x,y,z) =yzi+xz j+xy k acting along
the curve C givenby C:r(f)=£ i+ j+tk, from t=1to r=3.

(c) [2 Marks] Given f(x, y,z)=x* -3y’ +2z* +15, find the directional derivative of f at
P: (1,0, 2) along the direction of 2i—j+2k.

S. (a) [3 Marks] Show that the function z =In(x” + »*) satisfies the Laplace’s equation
2 2
92,92y,
ox” oy

(b) [3 Marks] Prove that div(f® V) =5f*(Vf e V) + £ div(V).

(c) [8 Marks] (i) Show that the expression
Fedr =(y—yzsinx)dx+(x+zcosx)dy+(ycosx)dz is exact.

(/2,1,1)
(ii) Evaluate the integral J. Fedr.
0,0,0)
1 2x 5
6. (a) [5 Marks] Describe the region of integration and evaluate J J. e* dydx .
00

(b) [6 Marks] Let f(x,y)=x be the density of mass in the region R:0<y<+4 —x*,
0 < x <2.Find the moment of inertia about the y -axis of the massin R.

(c) [9 Marks] State Green’s theorem in the plane. Hence verify it for the function
F=[y,~x| around the boundary C of the region R:{(x,»)|x*+y* <4}
considering anticlockwise rotation.

TOTAL 80 MARKS WISH YOU GOOD LUCK
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