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The Open University of Sri Lanka
B.Sc/B.Ed. Degree Programme

Final Examination - 2012/2013
Applied Mathematics - Level 03
APU1140/APE3140 — Vector Algebra

Duration: - Two hours

Date: 01.06.2013 Time: 9:30 a.m. — 11:30 a.m.

Answer four questions only.

(a) In a parallelogram, ABCD, M is the midpoint of 4B and the line DM cuts the
diagonal AC at P . Writing Zﬁzg, AD=b, AP =2 AC and ﬁ=,ub7\?,
express AP
(i) interms of A, a and b,

(ii) in terms of x4, @ and b.
Deduce that P is the point of trisection of both AC and DM .

(b) Define (i) the scalar product a-b and (ii) the vector product axb, of two given
vectors a and b .
Let a,band cbe vectors such that a x b =3a x ¢ ,and a#0.
(i) Show that b =3¢ +Aa for some scalar 1.
b*+9c’

3 .
a

(ii) Show thatif b .¢c =0, then A=+

The points 4, B and C have position vectors i+2j—3k, i+5j andSi+6j—k

respectively, relative to an origin O.

(i) Show that 4B is perpendicular to BC and find the area of the triangle ABC .

(i1) Find the vector product ABx BC . Hence find an equation of the plane 4ABC in
the form r-n=p.

(iii) The point D has position vector 4i— j+3k . Find the distance of the point D
from the plane 4BC . Hence show that the volume of the tetrahedron ABCD is
equal to 21.

(iv)Give, in Cartesian form, the equation of the plane 7z which contains D and which

has the property that for each point £ in 7 the volume of the tetrahedron 4BCE
is still 21.



3.

(a) The three lines /,,/, and [, are given by the equations
L r=(7432)i-(3+24)j+(3+ )k,
Lo r=(7-2p)i+(2+p)j+(4-p)k,
L: r=i+vj-vk.

where A, zzand v are three parameters.

(i) Show that /; and /,intersect and find their point of intersection.

(it) Do [, and /; intersect? Justify your answer.

(b) ABCD is a parallelogram. The midpoint of 4D is M . The straight line BM meets
AC at P and CDproduced at Q. Prove, using vector methods, that QP = 2PB.

(a) The plane 7, contains the points (1,4,2),(1,0,5) and (0,8,~1). The plane 7, contains
the point (2,2,3) and has a normal vector (i +2j+2k).

(i) Find the Cartesian equations of the planes 7, and 7, .

(ii) What is the acute angle between 7, and 7, ?
(iii)The point (1,1,05) is equidistant from the planes 7, and 7, . Find the possible
values of « .

(b) The four vertices of a tetrahedron are at the points with position vectors a, b, ¢, d.
Show that the volume of the tetrahedron is
—é—“a b d]+[b ¢ d]+[c a d][a b ¢]|.

[Here [x y z] denotes the scalar triple product xxy -z of three vectorsx, y, z.]

(a) Write down the domain of the vector valued function
r(6) =(1+3)i+In2—-1*)j+1* +3t k, where ¢ is a parameter.

. . d{rxa .
(b) If r isa vector function of the parameter, ﬁnd—(—) ; where a is a constant

dt\r-a
vector.

(c) The position vector rof a particle is given by r=(ccos8)i + (csind)j+ (cttan)k,
where ¢ and o are constants. Obtain the velocity v and the acceleration a of the

particle, at time ¢.

Hence, show that v’ = ¢*sec’ @ and |v x af’ = ¢*sec’ .
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6.

(a) Write down the general equatioh of the circle in space with radius a, centre at ¢lying

A A
in the plane containing the perpendicular unit vectors u and v.

The position vector of a variable point P is given by

r=[1+4cos<9——6—sin6’Ji+(—2—4c056’+£sin6’}j+(3+7cos€+%sin9}k;

5 N5

where @ is a parameter.

Show that the locus of P is a circle and find its centre and radius.

(b) A curve is given in terms of a parameter ¢ by

13 5 13)
r()=|t—=2, 1, t+=1> |.
(s 3

Find the unit tangent vector at the point with parameter ¢, and show that the principal

normal is orthogonal to the z - direction at each point on the curve.
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