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QUESTION ONE (30marks)

a). Define the following terms

i). Osculating plane (1 mk)
ii). Regular of a curve (1 mk)
iii). Plane product (1 mk)
iv). Torsion to a curve (1 mk)

b). State and derive the second fundamental form of a surface X = X(u,v) whose class is more
or equal to 2. (6 mks)

¢). Find the unit normal vector to the surface X (u, 8) = (ucosf,usinb, 28). (6 mks)

d). Find the volume of the parallelepiped spanned by vectors U = (3,3,7),v=(2,1,—-1) and
w = (4,2, —3) respectively. (4 mks)

e). Determine the first and the second curvature of the curve r(t) = 2ti + 4sintj + 4costk.
(10 mks)

QUESTION TWO (20marks)

a). Let y be a curve lying on the surface X = X(u,v) where u = wt),v=0(t)ast=s b.
Prove that the length of the arc on the curve is given by f; VT dt where [ is the first fundamental

form of a surface. (6 mks)

b). Find the torsion to the circular helix r(t) = (4 cost,4sint, 2ty att = % (14 mks)

QUESTION THREE (20marks)

a). Determine the lines of curvature to the helicoid (s, t) = (scost,ssint, bt). (12 mks)

b). Determine the arc length of the curve X(t) = (e cost,e?* sint, ety for0 <t < %

(5 mks)

¢). Given the equation of the surface X (u, v) = (2u, 2u, uv) find its first fundamental form.

(3 mks)




QUESTION FOUR (20marks)

a). State and proof the Frenet — Serret formulas to the curve X = X(5s). (10 mks)

b). Find the equation of the tangent line and normal plane to the curve X(t) = (1 + t)é, —
t26, + (1 +t3)ésatt = 1. (5 mks)

¢). Find the equation of the rectifying plane X(t) = (t3,t%, (1 +4t))att = 1. (5 mks)

QUESTION FIVE (20marks)

a). Consider a parametrized surface X (u, v) = (cosusinv,sinusinv, cos v) for (u,v) €

[0,2m) x [0, 7r]. Determine the length of the curve (u(t), v(t)) = (t, g) for0 <t < 2m lying on

the surface X (u, v). (6 mks)

2
b). Find the unit binomial vector to the curve X(t) = (2t + 2t3,3t + %, 4¢*) at b= 1. (7 mks)

¢). Let X = X(u, v) be surface with directions given in parametric form as (du: dv) and (6u, 6v)
whose tangential vectors are dX = X, du + X, dv and §X = X, 6u + X, 8v respectively. Prove
that the angle between the two directions is given by

§=cas? (———-I(d' 5 )
JI@/10)

Where I(d, §) is the first fundamental form of a surface. (7 mks)




