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The University of Zambia
Department of Mathematics & Statistics
Engineering Mathematics I - EM212

Tutorial Sheet 1 February 2012

L. In each of the following cases sketch the curve gi;fer: by ©(t):
(a) r(t) = (cost.sint), 0 <t < = |
(b) r(t) = (cos2t,sin2t), 0 <t < =
() v =0 VI—12), 0<t <1
(d) r()=(nt,/T-(nt)?2), 1 <i<e.

What did you observe? Could this curve also have been given parametrically by r(t) =
(e'. VT —€%) ? Explain.
2. Let r(t) = (2sint,2cost, 5t), ¢ >0 .
(i) Sketch the curve given by r(t) .
(ii) Does the curve intersect the eylinder 22 + 4* = 4 ? If 50, at which points?
(iii) Does this curve intersect the upper half cone z = .V/T-?.‘_Tyi ? If so. at which points?

3. In each of the following, find the domain and range of the function:-

() 2= flz,y) = LIS

(b) 2= f(z,y) =3//a7—y
() 2= [(z,y) = tan™ (¥)

(d) 2= f(z,y) =In(1 + 2 — 3?)
() z=[(z,y)= /=X

Sketch the domain and/or range where possible.

4. Let

z? if z#y,
f(cv‘y)”{lﬂ if z =1

Find f,(2,2) and fy(2,2)..

. Let

(S}

_ 4 il 2=0 or y=0,
9(z,y) = 22 4 32 otheriwse.
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1. Solve the following equations
L0 (D* - Hy = 4sinh? x
;22 (D? +2D+5)y=§3_cos2x
(i) (D*+4D)y= g" +sinx

(iv) (D +1)y=3x"

(@ (2D + = xe",
P,

f(\v/) (D, +2D +1)y = xsinx

2. Find the general solution for the given equations.
i) ¥y +y=cos2x
(i) ¥ +4y +5y=¢e’*
(i) ¥y +y=x+sinx+cosx
(iv) y"—2y';3y:2ez‘+3sinx
3. Find the ‘geherél vsol‘uti;)ﬁ (;f tiqé f;)llkowing equations by variation of parameters
G Y+y=x
(i) ¥ +y =2sinx ,p(0)=0,y(0) =-3
(i) y -y =44
(iv) y -9y=5¢*
Q(;/)/' y' =y =sin’x
4. Use power series to solve the following equations and find the interval of

convergence.
@) y +3xy=0

G ¥ -m=0

KEDO : Mr. MENTION Page 3



The University of Zambia

Department of Mathematics & Statistics

EM 212 Tutorial sheet

1. Show that the following are linear Transformation

X X+y+z
[ x 3x #
(a) T: — e (b) Ty|=|x+y+z

% 4 z X+y+z

2. Find ™" where possible in the following

xX+y ]
) o[ x x x+2y
(ay T :E )—) x+y+z! (b) T:( Je( ]
y J y y+3x
% 2y +z
2x+z ) -x+2y-3z
3. Given that T:[XJQ y , and U Z(x}—) 2x—y+4z
> —y-’rz) - 3x+4y+z |
Find (@ 77", (b) U™ (¢) (TU)" ,(d) (UT)"
4. Find the eigenvalues of matrix A where
4 -2 0
A=|-2 0 =2
0 -2 1
Given that the matrix P is such P7'4P is a diagonal matrix B, write down a
possible form of B.

5. Find an orthogonal matrix P such that P” AP diagonalises the symmetric matrix
A, where A is ;

3 -2 -4
(a)( 1/_ ”‘BJ (b) =l w20 =B
=y - ¥ -4 -6 -1

6. Find the eigenvalues and the corresponding eigenvectors of the following
matrices;

1 2 2
-

(a) (b) 0 2 1
-5 4

=i F P
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- Solve the following equations: -

(1) (xInx)y + y=6x°
(i) 2xydr+ () =3x%)ay =0

(iii) xdy + ydx = xy*dx

Show that y,(x) =e* and yo(x)=e* are linearly independent solutions of

y”—3y'+2y:0

Solve the equations

(i) D*(D-3)y=2+x

() Yy =3y 42y =4

()  (D?-2D+2)p=x+er
Find the particular solution of

(i) Y =3y +2y =sin2x
) (D+)(D+3)y=x? -3

END of Quiz
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The University of Zambia

Department of Mathematics & Statistics
Engineering Mathematics 11 - EM212

Tutorial Sheet 1 February 2012

I. In each of the following cases sketch the curve given by r(t)
(a) r(t) = (cost,sint), 0 <t < g ¥

(b) r(1) = (cos2t,sin2t), 0 < ¢ < e ¢

%

() v(t) = (L. VI=12), 0 <<

(d) r(t) = (In¢, VI=(ng)?), 1<t <e.

What did you observe? Could this curve also have been given parametrically by r(t)

(et \fl‘—'ﬁ) 7 Explain. ¢
2. Letr(t) = (231111,.2cost,5t), t20.
(i) Sketch the curve given by r(t) N

(ii) Does the curve intersect the cylinder 22 4 42 = 4 7 |1 50, at which points?

(iii) Does this curve intersget the upper half cone » — VIt +y? ? If so, at which points?

3. In each of the following, find the domain and range of the function:

g Y
(1) 2= f(oy) = YLD

() 2= f(z.y) =3/ /2T~y ol
() z=/lz.y)=tan"! (1) \»
(d) z=f(z.y) = (1 4 7 - y?) )
(@) 2=/(ey) = /22 -

Sketch the domain and/or range where possible.
4. Let ,
Sy ={ 7§ tn
Find fl(Q‘Qi\(ldj;,(Q,Q),\/'

5. Let

( s 4 il 2=0 or i=0,
gTY) = a? 492 otheriwse.

NGO
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The University of Zambia
School of Natural Sciences
Department of Mathematics & Statistics
Second Semester Examinations - May 2012

EM212 - Engineering Mathematics 11

Time allowed : Three (3) hours Full marks : 100

Instructions: e Attempt any (5) five questions. All questions carry equal marks.

Full credit will only be given when necessary work is shown.

Indicate your computer number on all answer booklets.

Calculators are not allowed.

This paper consists of 3 pages of questions.

1, a) Given the function r

z = (x + 5ysin J)if , -

find §% and o

b) Let z = f(u,v) have continuous second order partial derivatives and suppose that
w(z,y) = zy, v(z,y) = L.
(i) Find g—;~ in terms of g—u and %ﬁ,
(if) Find an expression for z2 %% in terms of w, v and the partial derivatives of z ‘
with respect to u and v.
¢) Let | <
ey ={ F @Y #00)
R 0 if (z,y) =(0,0)

(i) Show that f is not continuous at (0,0).

(i) Show that f, and f, exist at (0,0).

KEDO : Mr. MENTION Page 7



2. a) (i) Lets(t)=(t,t+1,t%) ,t € R Sketch the parametric curve by finding two
surfaces on which it lies.

(ii) Find and classify the stationary point(s) of the function
fly)=d—-z—yzy.

b) Find the poiuts on the sphere 2 + y? + 22 = 1 closest and farthest from the point
I Y

(1,2,3). R
¢) Use the total differential to estimate v/2.98% + 4.032. - “ie
3. a) Given the symmetric matrix
/1 0 2
A=10 40
2 01
(i) Find an orthogonal matrix P such that PT AP is a diagonal matrix.
(ii) Evaluate PTAP. ’ C
b) Let
; s (0 ~-1 1 \ 100
B=1}12 -1 2 ; I={ 010
1 0 ! 001

Show that 3% = I |, and hence, find B~ _ ; A

( a,
0

\

4. a) Ais a3 x 3 matrix of the lorm

<
= Ry OF
a0

where a, b, ¢, d, e, f are real. The transformation represented by /4 maps the

1 2 2 1
points | 0 | and 1 onto the points { 3 and ( —1 respectively.
1 1 4 4

Given that detA = 8, find A.

g

P

)

b) Solve the following equations :-

dy .
(i) cosz d_y + (cosa +sinz)y =2 +sin2x, y(0)=2
x

(i) (D*+2D +5)y = e ®sin’zx

KEDO : Mr. MENTION Page 8



b)

QN

(i) Find the eigenvalues and corresponding eigenvectors of

3 2 4
20 2
4 2 3
(if) Normalize the eigenvectors in (i).
Solve the following equations :-
5 dy -
) (v =ay) =1
: Fo
(ii) (D?—4)y = 4sinh®=z g K:/)
Let
10 1) .
M=1{020
431 ‘

be a 3 x 3 matrix. A transformation T : R* — R is represented by the matrix

M. Find a cartesian equation of the image of the line with equation

Sl B
2 1 ~1°
Solve the following equations :-
(i) v +y=tang, by variation of parameters. [ (\}
(i) ¥’y +ay' =z ]
END!
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1. In cach of the following cases sketch the curve given by r(t):

(a) r(t) = (cost,sint), 0 <t < 3

(b) r(t) = (cos2t,sin2t), 0 <t < I

() rt) =@ VI-18), 0<t<1

(d) (1) = (nt, /T (W02, 1<t<e.

What did you observe? Could this curve also have been given parametrically by r(t) =
(et V1 —e?!) 7 Explain.

2. Let r(t) = (2sint,2cost, 5t), t >0 .
(i) Sketch the curve given by r(t) .

(i1) Does the curve intersect the cylinder 2 + y* =4 ? If so, at which points?

(}1_1‘) Does this curve interseet the upper half cone z = /22 + y2 ? If so, at which points?,

3. In each of the following, find the domain and range of the function:-
I RN £ Ryt
(a) z=J(xy)= e e
(b) z=flz.y)=3//22~y

= f(z,y) = tan™" (¥)

(d) 2= f(z,y) =1+ ?)

:/(‘I")y): —

Tty

—
e}

N
(8]

—_
@

—
™

Sketch the domain and/or range where possible.

4. Let

‘ - z? if z#Yy,
[(z,y) = { il oz

Find f;(2,2) and [,(2,2).
5. Let

glz,y) = { 2k if w=0 v y=0

x2 4 y* otheriwse.

KEDO : Mr. MENTION
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The University of Zambia

Department of Mathematics & Statistics
Engineering Mathematics 11 - EM212

Tutorial Sheet 1 February 2012

L. In each of the following cases sketch the curve given by r(t):

(a) r(t) = (cost,sint), 0 <1< %

(b) r(t) = (cos2t,sin2t), 0 <t < =

© r()=(tV1i-8), 0<t <1

(d) r(t)=(Int,x/T—()?), 1<t <e.

What did you observe? Could this curve also have been given parametrically by r(t) =
(e', V1 —e?) ? Explain.

. Let r(t) = (2sint, 2cost,5t), t >0 .

(i) Sketch the curve given by r(t) .

(i) Does the curve intersect the cylinder 22 432 = 4 ? If so, at which points?

(iif) Does this curve interscct the upper half cone z = /22 + y2 ? If so, at which points?

3. In each of the following. find the domain and range of the function:-

(a) 2= flay)= Y=t

(b) 2= flz,y)=3/\/12~y
(¢) z=f(z,y)=tan"! (¥)

(d) z=[(z,y)=In(1+2z -y
(e) z=f(z,y)= /5L

Sketch the domain and/or range where possible.

. Let ,
oy iz,
e ={% § 2ZY
Find f2(2,2) and [,(2,2).

5. Let

4 if =0 or y=0,
x? 4 y? otheriwse.

g(z,y) = {

KEDO : Mr. MENTION
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The University of Zambia

Departiene i Mlallelalies &0 Slalistlcs

“cond Semester Examinations - February 2008
ENI212 - Enginesring Mathematics I] //\//\ sl
Time allow: .  Three (3) hrs

ruction., |, ; ; _ »
Instructio Atempt any four (4) questions. Al questions carry equzal marks, !
—
Full credit will only be given when necessary work is shown,
Irdicate your computer number on all ansywer boollers.
This paper coms o 4 & pages of guestion-,
i
e e ©
‘-\\—\\“mﬁ
9 \ N i 1
1ya) Find i, : . . :
(\/' ajk " domain and range of the function
\ T—y"
Hey =
Va+y

'\\@ LS e 3(z=2)2 — 4y~ 12,
s lch a few leve] curves of flz.y).
S “leh the surface 7 = Hzy):
i) 81, Ich and describe the cu’r\'e of intersection C of the surface z= f(z,y) with
th, plane z = 3.
¢j Find a,

T classify the stationary points of 9(z,y) = 3zy — 2% — zy?.

1 Les == Iy {42 £y _i 5
i} Fin. o .
L “limnd simg iy <he expression
8z Jz
5 Y.
Oa dy
5
) :
ik P « Lhat
9%z 92
o 2
dz? ~ gy2

Full marks : 10

A

e
e ) S %

KEDO : Mr. MENTION
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‘v | 25O { {
T4y
/ Let T:R? = &3 be dedned bv T ( * \‘ = mey j :
AN 8

Is T a linear map? Explain.

The following diagram shows a read newwork where all the stecels are one-way. The

Nt '

flow of traffic in and out of the network is measured in v ehicles per hour. and is

indicated on the diagram. Let zy, 75, 25 and z4 denote the number of vehicles flowing

along the various branches per hour.

: 200 ' 256
4 TS
150 x, 100
€, Xa
/ xz, 100
Pt >
54
. 100 50

{i) Construct a system of linear equations in the unknowns 21, To, 73 and z, that

describes the traffic flow in this road network.

{11} Express the svstem of equations in matrix form.

Solve the system of equations you constructed in (i).

dv) U

'se your solution to deduce the maximum and minimum values of 7.

(
{
@ { (/// Find conditions on q, b, and ¢, so that (a,b,¢) € R belongs to the space generaled

by u=(2,1,0), v = =(1,~1,2) and w = (0,3, —4).

di  Determine whether the ser

1 3 1 Gy v
s |
2 1], | -1 <
8 () 4
]
|
forins a basis for RS
Cy sy
1
~ Rt
9 - . s <7 3

Page 13
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Show that the differential equaiion

iﬂy o b}
ol = — 4wy cy =u
z y )

is exact, and find the general solution.
b} Solve the differential equation v " — 2y’ — 3y = cos 1 .
¢} Solve the following differential equations:

(i)

ay 1443 .
dr = 22(1 + 2?)
(i)
dy —Iy=z
dr VT

d) A weight attached to a spring moves up and down so that the equation of motion s
g pring P

where ¢ is e siretch of the sprrg atiime . If s =2, and ds/dt = 1 when | = .

o . ~ i
find s in terms of ¢.

The following functions are concinuous everywhere except at the erigin {0.0), where

they are not defined. Can they be made continuous there? BExplain.

sin(z + y;

g == o (i} 2=
bl fLet 0\
\ J < N
oo AL 1 2 &
4 = R QO | keR.
-1 3 k2

(i) Find all values of k for which 4 does not have an inverse.
(i) Find the inverse of \ in the case when k = 0.

ﬁ(@ Findd the directional derivative of the function at the given point in the direction of
the vector v,

Hry) =1+ 257 (3,4}7‘, Vo= (4.-3)

d)  Solve the differential equation 9" —24y'+ 16y =0

o

Page 14
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5oa) Let

P { 'rl//('?‘2 g < i) (0
Jakg) = 1 3 W,

Show that f; and f, exist at {0,0) but that f is not continuous there

4]

b)

5 tlrar

Let Virvy.z) = ayz forz > 0, y > 0 and = > 0. Find values for = y and

maximize the value of VV subject to the constraint 2z + 2y + z

c) Let

: ) ‘_‘ 2 =2
5 C . 3-x 2

1l

Solve the equation det B = 0.

d; Uz the total differential to ¢;

G0 M

END!

¥, \
/ % Y
/g
| 2
4 T 4.
~ e »
= N N
] [3-A T -
{77 A
f=x =
"! : ;
Y { | A
\
1 - 3 i . . i i
. S BV R B
{ b \
—_ i i " |
A \ » ) i ; |
\ 17 A i |
i i )
i : b Yo I
| | |
| PR
L ! i , i " " o of
|- ' (7 IR St
\ - % 1 P ol YO TA -
. 1 -1 \j Yy 2‘ i \ \ { [P
! { * 1 i i
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Tutorial Sheet 2 February 2012

1. (a) By finding two different paths along which the function approaches different values,

show that
o
lim, o=t
(zy)—(0,0) T2 + 32
does not exist.
(b) Show that the function
2%y
%+ 40
approaches 0 as (z,y) tends to (0,0) along all straight lines through the origin.
(¢) Show that
) 4I2y3
lim s
(zy)—(0,0) 2° + Y

does not e#ist.
2. Calculate the value of the given partial derivative at the given point.
(a) fle,y)=sinh(z—y); fa(3,3).
(b) S = V-7 h(-2.4)
(© flay) =hE+y') fG1)
3. Find the directional,derivative of the function at the given point‘ in the direction of
the vector v.

flayy) =1+ 23/y , (3,4) , v={4,-3).

4. Find an approximate value for the change in z, on the surface z = 2z% — 3y? when z
changes form 4 to 4.3 and y changes from 5 to 4.8.

[43]

. Use the total differential to approximate the change in the hypotenuse of a right
angled triangle of legs 6 and 8 inches, when the shorter leg is lengthened by & in. and
the longer leg is shortened by & in.

6. Find dw/dt using the chain rule and then expressing everything in terms of .

(a) w=2zy/(z® +y?), =2t y=12

(b) w=In(z? + 3zy? +4y*), = =2t* y =3t

KEDO : Mr. MENTION Page 16



7. Let z = f{u,v) have continuous second order partial derivatives, and suppose u(:
Ty, v(z,y) = y/u.
(i) Find 0z2/0z in terms of z with respect to u and v,
9%

(ii) Find an expression for zngQ in terms of u, v and the partial derivatives of - -

respect to « and v.

8. Find and classify the stationary point(s) of
; . 1 .
a) flay) = 22°~aPy+y? 1) ) = x2—21'y+§ V'=3y ¢) flz,y) = 4day-.

9. Let g(z,y) = 2(22 + y2)e- >+,
(a) Find all the stationary points of g. DO NOT try to classily them using the s..
derivative test,
(b) For which (z,y) is g(z,y) < 0?
¢)  What happens to 9(®,y) as z and y both tend to infinity? Explain.
)} Use your results from (b) and (c) to classify the stationary points of g.
e) Try to sketch (and describe) the graph of the surface z = 9(z,y).
10. (a) Use Lagrange multipliers to find the points on the curve of intersection of the surf
T=y~-1=0,y*~-22=1, that are nearest to and furthest from the origin.
(b) Draw a sketch to ensure that you have the correct absolute maximum and minirr
in (a)
1. Let f(z,y) = 2% + 42 ~ 32y 4 .
(a) Locate and classify the stationary points of f.
(b) Let R be the region {(z,y): 0 <z < 2,0 <y <2} Find the (global) maximun.

+ and minimum of f over R.

12. A rectangular box without a lid is to be made from 12m? of cardboard. Find the maxin.
volume of such a box.

13. Let V(z,y, z) = ayz for 20,y>0and 2 > 0. Find values for z, y and 2 that
maximize the value of V subject to the constraint 2z +2y + 2z = 108.

14. Use Lagrange multipliers to find the maximum and minimum of the function subject -
the given constraint(s).

(a) flz,y) = 2%; 2%t 2% =6

(b) f(z,y) = (z — 2)2 + y2; P =]

() flzy)=z+y; w4yl =1
U U L[/ (d) f(zr.y)z)=21+6y~i~1()z; T2+ 2+ 22 = 35
Boe & © /@u2)=2+2%; s+yt+r21, e

< wg 2

|

‘ %@, )
" S

Page 17
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The University of Zambia

Department of Mathematics & Statistics
EM212 : Eng. Mathematical

Assignment No. 3

—

Solve each of the following equation

2
(a) doi 2%, x! (b) Yy +y=sinx

(c xy+y=3xy"  (d) y-ap=e”
@K xdy+ydx=xtdx () Y -y=2¢°
(8  y(+x)dx+x(1+xy)dy=0

(h) ¥ +(y—1cosx=0

2. Solve the equation (y —2xy — x*)dx + x’dy =0, for which y = 0 forx = 1.
3. Determine the solution of y" —y' =12y =0, for which y(0)=3, y’(0)=5
4. In each of the following , find the G.S. of each equation.

(@) Yy +y =0
() 2y +y-y=0
(i) »y" -6y +11y=0
(v ¥y -y=0 LT
) W6y +9y=0
5. Show that sin2x and cos2x are linearly independent solution of y" + 4y =0.
Show that y,(x) =3sin2x and y,(x)=cos2x —sin2x are also linearly
independent solution of 3" + 4y  =0. Determine constants C, and C, such that
6sin2x +4cos2x = Cly,(xi—i- oy, ()
6. Show that y,(x)=xe" and y,(x)=e" are linearly independent solution of
¥ =2y + y=0. Determine the solution y(x) of this equation for which y(0) = 1,
Y (0)=0
7. Find the particular solution of the linear differential equations
(i) ¥ =y =30y =0, with conditions: y(0) = 0, y’(0) = -4

(ii) ¥y +16y =0, with conditions: y(0) = 0, y’(0) = 2.

[ /7/

KEDO : Mr. MENTION Page 18
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The University of Zambia

School of Natural Sciences ‘

Department of Mathematics & Statistics

-
Ed

2010 Academic Year Second Seniester Final Examinations

EM212 - Engineering Mathematics 1] : ‘

-

Time allowed : Three (3) hours Full marks = 100

L

Instructions: e There are six (6) questions in this paper

o Attempt any five (5) questions. All questions carry equal marks ‘

e Full credit will only be given when necessary work is show .

[udicate your computer number on all answer booklets, ‘

-
L

Calculators are not allowed

-

Thes paper consists of 3 pages of questions.

L. a)  Use the total differential to estimate the value of \/(29?‘5“_,\,-'5:"‘(“I.()E—"‘

b)  Find the absolute maximum and minimum of the function f(r,y) = 3a? 2%~ 4y ‘

-

over the region hounded by y = r? and g9,

3 3 6
. c) IsA= 0 1 2 ) invertible? Justify your answer.
- -2 00
\
a)  Determine whether or not the following sets of vectors are linea ly independent ‘

) {(1,0,3),(1,0,1),(2,0.01. 0 Loy}

o {(5 7)) (20} |

b)  Use the Lagrange multiplier rechmque to find the maxirmum and mimimun

l- -
[

vilnes
of fla,y,z) = z% + z subject to r? + y?=land z = y

¢) Letw=zln(?+y?);z=s~tandy = s~ L Show that, in terms of s and 1

<A
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38 2 2
5. a)  Given that A = ( 2 5 —-4 |}, find
L2 -4 5
i) the eigenvalues of A

i) the eigenspaces corresponding to eact, cieenvalue lomd s

b) Deseribe and draw the level curves for the Liven e-values of

g o § G ok g 1o
fley) = —qy==1c 12y

¢)  Find the general solution of xy' = 2y = 12,

6. a)  Let 7 R® - R? be defined by Tz, y,2) = (o + g,y - 2). 18 T lincar? Justify

b)  Use Gauss-Jordan elimination method to solve the system

S2r by~ 2 |
U+ 2y + 3z 13
4 Ty 4+ = 1

¢)  Solve the initial value problem

Yy’ 2y - Bl =™y

=1 W

yi0) = 1, y'(0) -

END OF EXIAMINATION!

“Failure without attenipt is Laziness”
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N Department of Mathematics & Statistics
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EM212 - Engineering Mathematics 11

Time allowed : Three (3) hrs Full marks : 100

Instructions: e Attempt any five (5) questions. All questions carry equal marks.

Full credit will only be given when necessary work is shown.

Indicate your computer number on all answer booklets.

Calculators are not allowed.

This paper consists of 3 pages of questions.
j I pag

1(:1,\) Let f(z,y) == ¢* =¥, Draw the family of level curves for the function (labelling a few
level curves). ‘
b) Given the linear system of equations
rhy—4z = 0
204+ 3y+2 = 1

\ T dr Ty Az o= ou,

] " find the conditions which A and 4+ must satisly for the system of equations to have
 -\ﬁ (i) no solution?
(i) a unique solution?
(ii) more than one sclution?
Find all the solutions (in termms of A and u for the unique solution) whenever possible.
¢} Show that the differential equation

(22 4 y*)de -+ (3ay® — e )dy =0

s exact, and find the particular soluticn such that y(—1) = 0.

1
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KZ aj Prove that {(1,0,3),(5,2,1),(0,1,6)} is a basis for R,
\‘b)# Let - o ,

Flg) :{ \-}‘ Yy - J:yg/(:r; +y?) it (@

(i) Show that f,{0,0) = /,(0,0) = 0.

(it Hence show that f.,(0,0) 5 f,2(0,0).

¢) Find the particular solution of the differential equation
d*y dy
—= 4+ —=+y=0
de? T dr Y
for which y(0) =0, v'(0) =2.
3. )

Find and sketch the domain of the function

f(ib‘)?/i’ =1n(l 42 —19%).
What is the range of f7 .
b)

Solve the following: differential equations

(i) 2%y —ya?=y

Q@ 2y 4 (2 + 3z)y = ze3*

¢) Let T:R? — RS be a linear iranslormation such that

/=1 2
’ {
T(i)— 5 and T(}): 0
4 -9 \ 3
Find ) '
. 2 . . -3
(i) T( 1 > (i1) f( 4 )
4. a) Letr(t) = (2cost,2sint, 2¢), ¢t > 0. Sketch the curve given by r(t).
b)) Let
. 4 oz " 9 -
o |- S gl S o= G = Uv .
= — P,
i . BN
Find gz and g—; :

¢) Tind the general solution of the differential equation

Zz
" ; €
y =2y fy=—.

KEDO : Mr. MENTION
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&
e

i 2z —y
Let T:R® — R®be defined by _ | ¢ | =| y+2z |.
\ s } 3y -+ 2z
(i) Show that T is a linear transformation.

i

(ii) Find a cartesian equation for the image under T of the plane z + 2y + 32 = 0.
b} Use Lagrange multipliers to find the raaximum and minimum of the function

J{z,y) =z +y, subjoct to the constraint 2% 4+ y? = 1.

6. a) Given the function
‘ Fla ) =€y J“W ,
tind the first partial derivatives with respect to = and y.
b)  Find and classify the stationary point(s) of the functicn

)

il T " 1 :
flayy) = 2* = 2ny + 3y° - 3y ,

¢) Dind all cigenvalues and a basis of each cigenspace of the operator T : R¥ — R¥

defined by T(z,y,2) = 2z + y,y — 2, 2y + 4z).
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INSTRUCTIONS: - There are six (6) questions in this paper. Aftempt any five
(5) questions. All questions carry equal marks.
* Full credit will only be given when necessary work is
shown.
« Indicate your computer number on all answer books.
¢ Calculators are not allowed.
v L. a) Locate and classify the stationary points of f(x, y) = x* —3x + xp?,
b) What does it mean that two square matrices 4 and B are similar.
230
c) Giventhat 4=|0 2 0/;find
1 0 2
:; i) the eigenvalues of 4
i) the eigenvetors and the eigenspaces corresponding to each
eigenvalue found in (i)
i) the algebraic and geometric multiplicities of each eigenvalue.
kiv) Is 4 diagonalizable? Justify,
32 -1 7[
2. a) Givend={2 -1 2 |,find TR

{ /i

"J"M ( Ny /
fgiﬁ;( }ka/',")ﬁj

1 =3 -aj £
i) the determinant of A4 i -
i) the adjoint of 4

b=N 7o

I J”)‘ﬂ'\ i '{V)v] / ‘?—

1 )KV =
o/
"'j(q«p'}) = bwm fy — (

Dy,

()L;M e, 20 )
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b)

v/ 3. a)

b)

©)
d)

4. a)

c)

iii) Hence or otherwise, find the solution to the system

3%, +2x, —x; =4
2%, —xy +2x; =10
X% =3x, —4x, =5
Find the general solution of & 2 o
dx X

Find the linearization L(x,y)of f(x,y)=
l+x—y

Use total differential to approximate the valué of +/35.6 3/64.08 correct
to two (2) decimal places.

For what value(s) of k£ are the vectors

1, 2, 3,2, =1, 4,3, k, 4) linearly independent?

2 2

Show that f(x,y)= ¥ *Y_ has no limit. e
xy et
Find the general solution of the differential equation s

[ &7
(1-sinxtan y)dx + (cosxsec’ y)dy =0.

X x—y
i) Show that 7:R* — R*® defined by 7| y |=| x+2y~z | isa
z 2x+y+z
linear transformation.
ii) Find the matrix A4, representing the linear transformation 7" in (i)
1y (=23 (1
relative to the basis [0 ],|1 || =1 of R®.
1) 1
Solve the initial value problem y"'+y'=2sinx; y(0) =0, ' (0) ==3.
sinz
e +e’

Discuss the continuity of f(x,y) =

Find the general solution of y’+—)i = \/; =0.
x

Find the condition(s) for k so that the system

2x=3y+z=-1
~X+2y-2z=0
y—z=k

has infinite solutions

A hot water storage tank is a vertical cylinder surmounted by a
hemispherical top of the same diameter. See the figure below. The tank is

designed to hold 400#:° of liquid.

near the point (2, 1).
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Determine the total height and the total diameter of the tank if the surface

: - 4 s
heat loss is to be minimum. (Volume of a sphere = —3-7:7 , Surface area of a

sphere = 4m?).

6. a) Find the series solution of the dlfferentlal equauon
(x? +1)y" 4xy'—6y =0. o
b) The base radius of a right circular cone is increasing at the rate of

1.5mm /s while the perpendicular height is decreasing at 6mim /s .
Determine the rate at which the volume V is changing when r =1.2¢cm
and 4 =2.4cm (Volume of a cone= 3 mw’h).

c) Find a basis for the set of vectors lying on the plane x+2y~3z=0.

END OF EXAMINATION
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The University of Zambia

Department of Mathematics & Statistics
EM212-Engineering Mathematics II
Test 2 - 20th April 2011

Duration : Two (2) hrs

Instructions: Attempt all questions. Show all essential working.

1 -1 2
1. Giventhat A= | 3 2 4 . Find
0 1 -4

a) the determinant of A;
b) the adjoint of A; and
¢) hence, the inverse of A.
2. a) Show that V = {(z,y) : z,y € R} is not a vetor space over R, where addition and

sclar multiplication is defined by (z,y) + (z,w) = (z + 22,y + w) and a(z,y) = (az. ay).

respectively.

b) Show that W = {(0,z,y)|z,y € R} is a vector subspace of RS.

3. a) What does it mean that a set of vectors {v1,vs,...,u,} is linearly dependent?

b)  Determine whether or not the set of vectors {z® + 4,22 — 2, 2% + z} is linearly

" dependent.
c) Show that {(2,—1,4),(4,1,6)} is a basis for the plane 5z — 2y — 32 = 0.
4. Let T': R® — R® be defined by T(z,y,2) = 2z + v,y — 2, 2y +4z). Then
a) show that T is a linear transformation;
b) find the eigenvalues of the matrix Ay representing T’

¢) find the eigenvector(s) corresponding to each eigenvalue found in (b).

THE END!

“Failure without attempt is laziness”
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