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QUESTION ONE (30marks)

(a) (i) Using first principles determine ( , ),of ( , ) = + 4 − 3 + 2. (3mks)

(ii) Given ( , ) = find at (1, 2). (2mks)

(b) (i) State the necessary sufficient conditions for the existence of etrema. (2mks)

(ii)Locate and identify etremum for ( , ) = ( − 1)( − 1) (2mks)

(c) (i) Define the Lagrange’s multipliers. (2mks)

(ii) Find the stationery values of + + given that + + = . (4mks)

(d) Show that the series ∑ is convergent if lim→ = 0. (3mks)

(e) Use comparison test to show that the series ∑ is convergent.                          (2mks)

(f) Show that if an infinite series ∑ is absolutely convergent then it is convergent.     (4mks)

(g)   (i) Define an improper integral (1mks)

(ii) Use the domination test to determine whether or not the the integral ∫
converges. (3mks)

(h)    Show that a positive term series ∑ is convergent if and only if its sequence of partial
sums 〈 〉 is bounded above.                                                                                               (4mks)

QUESTION TWO (20marks)

(a) (i)State and prove the Weierstress theorem (M-test) for uniform convergence. (6mks)

(ii)Using the Weierstress M-test show that ∑ ( ) = ∑ converges uniformly.(2mks)

(b) (i) Show that the series ∑ is convergent if and only if for each > 0, there exists a
positive integer such that | + + ⋯ | < , ∀ ≥ . (4mks)

ii) Show that the series 1 + + +⋯+ is not convergent.                                 (4mks)

(c) (i) Define a power series (1mk)

ii) Find all values of for which the power series ∑ is absolutely convergent. (3mks)



QUESTION THREE (20 marks)

a) (i) Define an implicit function. (1mk)

(ii) Find and given + + = 0. (2mks)

b) Find the equation of the tangent plane to the paraboloid = 1 − ( + 4 ) at the point(1,1, ) (4mks)

c) Find and given ( , ) = 4 + where = + and = − (4mks)

d) Find the tangent plane and normal line to the surface ( , , ) = + + − 4 = 0 at
the point (1,1, √2).                                                                                                                  (3mks)

e) Find the extrema for ( , ) = in the domain 0≤ ≤ , 0 ≤ ≤ . (4mks)

f) Find the slope of the surface given by ( , ) = − − + at the point ( , 1, 2) in the -
direction and in the -direction.                                                                                            (2mks)

QUESTION FOUR (13MKS)

(a) Determine whether or not the following integrals converge

(i) ∫ , ≥ 0 (ii) ∫ , > 0. (4mks)

(b) Evaluate ∫
(3mks)

(c) Use -test to determine whether the following improper integrals are convergent or  divergent

i) ∫ ( ) , > 0 ii) ∫ ( ) , > 0 iii) ∫ , > 0. (7mks)

(d) i) State the Dirichlet’s test for convergence for an improper integral.                    (2mks)

ii) Test for the convergence of ∫ √ , > 0 using the Dirichlet’s test.          (3mks)

(e) Find the Cauchy’s principal value of ∫ (2mks)

QUESTION FIVE (20 MKS)

(a) Evaluate∬ ( , ) for ( , ) = 1 − 6 and 0 ≤ ≤ 2, −1 ≤ ≤ 1. (2mks)

(b) Evaluate∬ where is the triangle in the plane bounded by the -axis , the line= and the line = 1. (3mks)



(c) Find the area of the region bounded by = 2 and = 4 . (4mks)

(d) Find the average value of ( , ) = over the rectangle: 0 ≤ ≤ , 0 ≤ ≤ 1. (4mks)

(e) i) Define conditional convergence for improper integrals.                                     (2mks)

ii)Check for convergence, conditional convergence or divergence for ∫ ( ) where ( )
is defined as follows: ( ) =

⎩⎪⎪
⎨⎪⎪
⎧ 1, ≤ < 1− , 1 ≤ < 2, 2 ≤ < 3− , 3 ≤ < 4− , − 1 ≤ <

(5mks)


