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Question 1

. (a) Electromagnetic radiation of wavelength 242 nm is just sufficient to ionise the sodium
atom. Calculate the ionisation energy of sodium in kJmol™.

(b) The electronic energy in hydrogen atom is given by Exq (-2.18 x 10718 5) / n?J. Calculate
the energy required to remove an electron completely from the n = 2 orbit. What is the
longest wavelength of light in cm that can be used to cause this transition?

{(c) In Rutherford experiment, a thin foil of gold, a heavy atom, was bombarded by a-
particles. If a thin foil of light atoms e.g. aluminium were used, what difference would be
observed in terms of deflections and backbouncing?

(d) (i) How many electrons will be present in subshells having ms value of -2 for n = 47
(ii) If n is equal to 3, what are the values of quantum numbers | and m?

(iii) When is the energy of an electron equal to zero? Explain your answer.

Question 2

(a) Explain how a chemical bond is formed.
(b) Although geometries of NH3 and H20 molecules are distorted tetrahedral, bond angle in
water is less than that of ammonia. Discuss.
. (c) Arrange the bonds in order of increasing ionic character in the molecules:
LiF, K20, N3, SO; and CIFs.
(d) What is meant by the term bond order? Calculate the bond order of Oz, O2*,02~

Question 3

(a) Why do elements of the same group have similar chemical and physical properties?

(b) Why are cations smaller and anions larger in radii than their parent atoms?

(c) Why is 1 [onisation energy (IE) of sodium lower than 1% IE of magnesium but 2 IE is
much higher than 2™ IE of magnesium?

(d) Increasing order of reactivity among group 1 is Li< Na<K<Rb<Ce. For group 17 it id
F>CI>Br>1. Explain




Question 4

(a) (i) Why are solids rigid?
(i) Why do solids have a definite volume?
(iii)Solid A is a very hard electrical insulator in solid as well as in molten state and melts
at extremely high temperature. What type of solid is it?

(b) (i) Ionic solids conduct electricity in molten state but not in solid state. Explain
(ii) What type of solids are electrical conductors, malleable and ductile?

(c) Distinguish among (i) simple (ii) Face-centred and (iii) body-centred cubic unit cells.

(d) Which of the following lattices has the highest packing efficiency (i) simple cubic (ii)
body- centred cubic and (iii) hexagonal close-packed lattice?

Question 5

(a) How many ions are produced from the complex Co(NH3)6Cl2 in solution?
(1) 6 (ii) 4 (ii1)3 (iv)2. Explain and illustrate your choice.
(b) Deduce which one amongst the following ions has the highest magnetic moment value:
() [Cr(H20)6]** (i) [Fe(H20)]** (iii) [Zn(H20)6]**
(c) Given high spin [Fe(H20)¢]** and low spin [Fe(CN)s]*~ with crystal field splitting energy
of 171 kJ/mol and 392 kJ/mol respectively and the electromagnetic spectrum below,
violet blue green  yellow orange red
] . . . . .
A 400nm 43|0nm 4190nm 56|0nm 5180nm 62]Onm 800‘nm
(d) Draw and label a figure to show the splitting of d-orbitals in an octahedral crystal field.

Question 6

(a) By using the Molecular Orbital (MO) approach for each of the following ions, N, N2>
and N2*, determine (i) the bond order of Na (ii) magnetism of N2 and (iii) their order of
increasing bond strength.

(b) VBT is premised on two assumptions. State the assumptions.

(c) What condition must be fulfilled by participating orbitals for maximum overlap between
them to occur?

(d) Differentiate between a d-block element and a transition metal.

END OF EXAMINATION
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The University of Zambia,

Institute of Distance Education
Department of Mathematics & Statistics
2019/2020 Academic year Final Examinations
M4100 - Complex Analysis

Time allowed : Three (3) hrs Full marks :

100

Instructions: e Attempt any five (5) questions. All questions carry equal marks.
e Full credit will only be given when necessary work is shown.

e Indicate your computer number on all answer booklets.

This paper consists of 4 pages of questions.

i) Let z ==z +1y. If z+ 1 is real, show that either z is real or |2| = 1.

=
o
A

ii) Express z = —1+ ¢ into polar form.
b) Let U(z,y) =222 + 2z + 1 — 242

i) Show that U is harmonic.

ii) Hence, compute the harmonic conjugate for U.
c) (i) If z lies on the circle |2| = 2, show that

1 <1
|24 —422+3| — 3

(ii) Find all the roots of (—1 — \/§i)% and display them on the appropriate circle.

2. a) i) State the Cauchy-Riemann equations.

ii) Prove that if z = z + iy, f(2) = zy + iy is nowhere analytic.



b) (i) Shade the domain defined by
m
|Argz| < 3 Rez < 1.
(ii) If n is a positive integer, show that
149"~ (1 -i)*"=0.

¢) Compute the following complex limits:

(i) lim,oo ZE (i) lim,o,_g 258

3. a) i) Is the function

_zz+(2—i)z—2i
o zZ—1

f(2)

continuous at z = ¢? If not, can it be made continuous by redefining at z = ¢7

ii) Show that the given function f(z) = (zy? + 2) + 1y is not analytic at any point.

b) (i) Solve the following equation e** = 1 for z.

(ii) Find the principal value of (1 — )"
c) 1) Find all complex values of the given logarithm: log(i%).

it) Using the definitions in exponential forms, show that cosiy = coshy.

/Cf(z)dz

where f(z) =y — z — 3z%, z = z + 1y and C is the contour comprising

. (a) Evaluate

one line segment from z =0to z=1+1.
(b) Let C be the arc of the circle |z| = 2 from z = 2 to z = 2{ that lies in the
first quadrant. Without evaluating the integral, show that

dz s
| D) | <3
o4 +1 3
(c) Find the singular points (that is where f(2) is not defined) of the following
functions and determine if they
are isolated or not.
(i)
ex
fz) = 22+1
(ii)
323 +2
sin2z
2



5. (a) (i) Cauchy-Goursat theorem for a simple region states that : Suppose that f

is analytic on a domain D. Let " be a piecewise smooth simple closed curve in D. Then
/ f(z)dz = 0.
r

Using the above theorem, evaluate

/ 1 dz
C COS Z

when C is the circle |z| = 1 which is positively oriented.

e

(ii) Evaluate

where T is the circle |z| = 1.

(c) (i) Express r—5%;75 into partial fractions.
(ii) Hence, evaluate
/ zdz
c (z+3)(z+1)’
where C is the circle |z| = 2 taken in the positive sense.
6. (a) State, without proof, the Cauchy integral formula.
(b) Evaluate
/ sin z dz
cz=%)
where C is the circle |z| = 4 traversed in the positive sense.
(c) Evaluate
/ eﬂz d
2y
c Z(Z + 2)

when C = {z: 2 =3e", 0<0<2rn}.

7. (a) (i) Find the zeros of f(z) = (i) -2243)

(2-3)
(ii) Show that the function f(z) = Z is not analytic at any point.
(b) The Argument Principle states that
f'(z) :
dz = 2wi|N — P
|, s =it =

where N is the number of zeros of f(z) that lie inside C and P is the number of singularities
of f(z) that lie inside C, and counted according to their multiplicity.

Use the Argument Principle to evaluate

£(2)
/c oM
3




if C is the circle |z| = 3 for

2sinz —1
&= e D
(c) Find the Laurent series expansion of
z
1@ = ine =3




The University of Zambia-Institute of Distance Education
Department of Mathematics & Statistics
2019/2020 Academic Year, Final Examinations
MAT1100: Foundation Mathematics
Monday 17th AUGUST 2020

Time Allowed: 3 hours
Instructions:

. There are Six (6) questions in this examination. Atterapt any four (4).

fu—y

2. Indicate your computer number on all your answer booklets.
3. Full credit will only be given when necessary working is shown,
4

. Calculators are not allowed.

This examination has (4) pages of questions.
|
|
|
1. (a) i Let A=1[-23}, B=(-1,10},C={ze€Z : -2 <z <15} and the
universal set be R. Find the set (A°U B) N C and display your answer
on the number line.

ii. Let U be the universal set. Given that XNY = 0, simplify the following
as much as possible:

(XUY)N (X UY®).

iii. On the figure below, shade the region corresponding to

(ANB)U(C - (AU B)).




P

(b) Find |z|, given that
1 1
z

Tori 1o

(c) Let * be a binary operation fon R, the set of real numbers, defined by
axb=a’+ 2b.

i. Find (~1) %3 and 3 * (—1).
ii. Is * commutative on R? gustify your answer.

l (14,6,

2. (a) Let
f(z) = —22* + 4z + 9.

i. By completing the square, express f(z) in the form
f(z) = alz — h)* + k.
ii. Find the turning point, and z and y intercepts.
iii. Sketch the graph of f(x).
(b) Given that o and f are roots of the quadratic equation
22% + 6z — 3 =0,

i. find the value of a + f and of ap.
ii. find the value of 203 + 233.
(c) Let p(x) = 623 - 25x2 + 23z — 6.
i. Find the remainder when p(z) is divided by (2z + 1).

2



ii. Given that z - -21- is a factor of p(x), factorize p(x) completely.

ii. hence, or otherwise, solve the eqaution p(z) = 0.

8,8,9]
3. (a) Evaluate each of the following, leaving your answer in the form
1
i ( Va -+ \/5> .
i. sin(105°).
il cos (&) .
(b) Solve the following equations; for 0° < z < 360°.
i
V2sinz cosz — cosz = 0,
i, 5
2sin?z + 5cosz — 4 = 0.
(c) Prove the following identities:
1. ; .
CoS T sinz .
; =s8Inx + cosx.
l—tanz 1 —cotz

i1 :

pcosxescxr

———— = cos? 7.

)tan T+ cotx

| 8,9, 8]

4. (a) Solve each of the following equations;

922+3 B 1 3z+1
C\27 ‘

logs 6 + logy 22% = log; 48.

i.
ii.
(b) On the same set of axes, sketch the graphs of

fla)=1- (g})

9(z) = log; (%) +1.

and

(c) Given that
f(z) = 3sin2(z + 30°) for 0° < z < 360°,

3




5. (a) Differentiate the following function using the first principle. f(z) = Phyt

I

11.

Find the period, amplitude and phase shift.

Hence, or otherwise, sketch two revolutions (cycles) of the graph of

f(z) = 3sin2(x + 30°) for z > —30°. Clearly, label the intercepts.
&,8.9]

(b) Differentiate each of the following:

1.

1.

y = tan~'(e3).

xcosy + In (%—) = 5.

(c) Given that

11

1.

@) = 2(2” ~ 4),
Find the turning point(s) and determine whether maxiraum or mini-
mum. |
Sketch the graph of f(z).

i

6,9, 10]

. Integrate

o (z—2)(z+3)

Show that

g

2
/ e((:ostrl) sing dr = (-32 — €.
0

(b) Given that

()

1

-11 3
B = 2 1 -1 4,
0 1 &%

find the value of k if B is a singular matrix.

Find the value of a, b, ¢, d and e given that

(2 + 32)! = a + bz + cz?® + dz® + ex?.

- ii. Sketch the graph of the circle given by

22 +y? — 6r — 4y = —4.

(9,4,12]




The University of Zambia
Institute of Distance Education
Department of Mathematics & Statistics
2019/20 Academic Year Examinations

MAT2100 — Analytic Geometry and Calculus

INSTRUCTIONS: (1) There are 7 questions in this paper and all questions carry equal
marks. Answer any FIVE (5).
(2) Show necessary working to avoid loss of marks

TIME ALLOWED: Three (3) hours.
DATE: 18" August, 2020 AM

1. (a) (i) By translation of axes, express the equation of the conic section
9x2 —36x +4y? + 24y +36 =10
in standard form and hence, identify the conic. (6)
(ii) Sketch the graph of the conic in (i) indicating its line(s) of symmetry,

vertex or vertices, and focus (or foci). (4)

(b) The equation of the conic section is given by

xy = 2.

(i) Use a suitable rotation of axes to transform the equation into its standard
form and hence, identify the conic. (6)
(ii) For this conic in (b) find its focus (or foci). (4)

(20 marks)
2. (a) (a) Evaluate each of the following limits:
o1e Vx=2
(i) 91(1_r)r£1} i 1¢ 4)
(ii) lim(tan x)* . (5)
x—=0 -

(b) (i) State the Rolle’s theorem (without proof). (2)

(ii) Given the function f(x) = x? — 3x + 2, find the interval (a, b) and
¢ € (a, b) for which the conclusion of the Rolle’s theorem is satisfied. (3)

(iii) Find the first four terms of Macl?xurin’s series expansion of In(1 + x). (4)

(20 marks)




W

(a) Evaluate each of the following integrals:

M f mdx (4)
(i) fx—;;zl;m dx 4)
(i) fx:-1dx' (4)

(b) (i) Find the integral
[ xe3*dx. 4)
(ii) Find the volume generated by revolving the first quadrant area bounded by

the parabola y? = 8x and the line x = 2 about the x — axis. (4)
(20 marks)

(a) (i) Find the distance from the point P(l,,1,7) to the plane through the points
A(3,-1,6), B(1,5,5), C(4,-6,4). (3)
(ii) Find the equation of the plane through the point (5,-2,3) which is parallel to
the plane 7x+4y -3z =12. )
(b) (i) Find the unit normal vector N, for the plane curve
R(t) = (cos 2t)i + (2sint)jatt =%. (5)
(i1) The equation of a space curve is given by
R =V2(t)i+etj+etk.

Find the vector equation for the line tangent to the curve at the point

P(0,1,1)i.e.att = 0. ()
(20 marks)
(a) Given that z = 3xe*”, find
. 0%z ... 0%z e 0%z
(i) 5= (i) = (i) 5 (®)

a
(b) (1) Use the chain rule for partial derivatives to find % for

w=x*+yz,x=uv,y=u-uv,z=2u’,

whenu = ~1land v = 2. (7)
(i1) Find the maximum or minimum or saddle point for the surface defined by
z=5xy—7x*+3x—6y+2.( (7)
(20 marks)
2




6. (a) Find the general solution of each of the following differential equations:

Q) %zx—y+1. | (5)
(ii) Z—i-i—iy = X. )

(b) (i) Find the particular solution of the differential equation
dy
Z}IE =x+ 3, .
wheny = —1latx = 0. (5)

(ii) Verify that each of the given equations is exact and find its general solution:

(x% + y*)dx + 2xydy = 0. (5)
(20 marks)
7. (a) Find the general equation of the differential equation
. dzy o 2
(i) — = sinx — 3x )
n Y _ o4y = xe*
(i) =3 2 —+ 4y = xe (8)

(b) Find the solution of the differential equation satisfying the given conditions:
d*y dy _ _ o —
Zi—x—z—Sd—x+6y—0, y(0) = 1and y'(0) = —1. (7)

(20 marks)

END OF EXAMINATION




THE UNIVERSITY OFZAMBIA
UNIVERSITY EXAMINATIONS
MAT 2602 — INTRODUCTION TO STATISTICS

AUGUST EXAMINATIONS - 2020

INSTRUCTIONS: 1. Answer any FIVE (5) questions.
2. All questions carry equal marks.
3. Show all the necessary work to earn full marks.
4. Write down the questions attempted on the front page of the
main booklet.
5. Use of calculators and mathematical tables is allowed.
TIME ALLOWED: Three (3) hours.
1 [a] A random sample of size 2 will be selected, with replacement, from the set
of numbers {1, 3, 5}.
‘[i] List all possible samples and calculate x for each.
[ii] Determine the sampling distribution of X
[ii] Calculatethe E[ X ] and Var[ X |
[b] A random sample of size 100 is taken from a population having a mean
of 20 and standard deviation of 5. The shape of the distribution is
unknown.
[i] What can you say about the sampling distribution of the sample mean X.
[ii] Evaluate P(20.75< X <32 -25)
Measurements of the left-hand and right-hand gripping strengths of 10
left-handed writers are recorded:
1 2 3 4 5 6 7 8 |9 10
Lefthand | 140 |90 | 125 {130 |95 | 121 {85 |97 131 | 110
Righthand | 138 |87 | 110 {132 |96 | 120 {86 90| 129 {100
[i] Do the data provide evidence that people who write with the left-hand have
a greater gripping strength in the left hand than they do with the right hand?
[ii] Construct a 90% confidence interval for the mean difference.



3. [a]lli]

[ii]

[b]

[i]

[ii]
[iii]

[i]

[ii] Do the data on experience in sales provide strong evidence that the mean

If X and Y are independent variables,

Prove that Var[X +Y]=Var[X]+Var[Y]

Let X, X,, X . ,X be mutually independent and identically
distributed random variables with mean u .
Show that > (X, - X)? =D (X, )" = n(X - p)’

A company operates four machines three-shifts each day. From production
records, the following data on the number of breakdowns are collected.

MACHINES
SHIFT A B |C D
1 41 120112 |16
31 119 |14
3 15 117 116 |10

The company wishes to know whether machine breakdown is associated
with the shift.

State the null and alternative hypothesis

State the statistic.

At 0.05 level of significance, test whether breakdowns are independent of
shifts.

As part of an investigation of employee turnover, an industry-wide survey of
people in sales management positions gave the number of years of
experience in sales-related positions. These are data are summarized in the
following table:

Males | Females
Sample size 80 70
Mean years 21.7 1185
Standard Deviation of years | 9.3 4.8

Construct a 95% confidence interval for the difference of means u, - 4,

years of sales experience for males for males is different from that  of
females. [ Test with means a =0.02]



5 [a] Given the following ANOVA table:

Source Sum of squares | Degree of freedom(d.f.)
Treatment 24 5
Error 57 35
Total 81 40

Carry out the F test for equality of means taking to a = 0.05

[b] You are given the following summary statistics of data:

n =15 x=72 3 (x,-x)? =28
n, =12 y=72 Sy, -y =22
[i] Obtaln Szpuu/et/
[ii] Test H,: u, =u, against H,: u, > u, with a = .05
Determine the P — value and comment on its size.
[iii] Construct a 95% confidence interval for z, — p,.

6 In a study to determine the influence of training on the time required to do a
complete assembly job, 15 new employees were given amounts of training ranging
from 3 to 12 hours. After training, their times to complete the job were recorded.
Let x denote the duration of training (in hours), and ley y denote the time to do the
job (in minutes). The following summary statistics were recorded:

x=72 §,=336 S, =-572 y=456 S, =160.2

Xy

[(] Calculate the least squares estimates S, and ,Bl.

[ii] Determine the equation of the best fitting straight line for these data.

[iii] Calculate the residual sum of squares SSE.
[iv] Do the data substantiate the claim that the job time decreases with more hours of

training? [ Determine by testing H, = f,]
[v] Estimate the mean job for 9 hours of training and construct a 5% confidence

interval.
[vi] Predict the time to do a job for y* =35 hours and comment on your result

END OF EXAMINATION
)




THE UNIVERSITY OF ZAMBIA
School of Natural Sciences
Department of Physics
2020 Academic Year
Final Examinations

PHY3621 - ELECTROMAGNETIC THEORY

Duration: 3 hours Maximum Marks: 100

Instructions

e This examination paper contains 7 questions. Attempt
any 5 questions.

e Each question carries 20 marks. Marks allocated for each
question are indicated in brackets [ ].

e Show all your working clearly. Omission of essential
work will result in loss of marks.

e Follow carefully instructions written on the answer book-
lets.




CONSTANTS THAT MAY BE USEFUL

e=1.602x107* C

my, = 1.67 x 10727 kg

me = 9.11 x 1073 kg

£, = 8.85x 10712 C?2N~Im™
h=6.63x1073* Js

o = 41 x 1077 Ns?C2
c=3.0x10% m/s



1. (a) There are currently just four known basic forces three of
which are: strong, weak and gravitational forces. Name the
remaining basic force. 2]

(b) Three electric fields are given as follows: E; is 10 N/C and
points at 30.0° above the positive x axis, E, is 30 N/C and

points at 10.0° below the positive x axis, and Ej is 10 N/C
and points at 80.0° below the negative x axis. Determine
the resultant in terms of

i. components 4]
ii. unit-vector notation 2]
iii. magnitude 2]
iv. direction [2]

(c) Giventhat A = Ax+Ay+A2zand B = B,%+ B,y +B.Z,
use properties of unit vectors X, ¥ and Z to show that

i. the dot product can be written as A - B = A, B, +
AyBy + A, B, 4]

ii. the cross product can be written as

D><<>

X
AxB=|A;

v/
y Az | [4]
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2. (a) By using the definition of V, show that the divergence of
the gradient of a function f results in the Laplacian of the
function f:

V- (Vf)=V3f.

[4]




(b)

A rod of length [, has a uniform positive charge per unit
length X\ and a total charge Q. Calculate the electric field
at a point P that is located along the long axis of the rod
and a distance a from one end. 8]

A rod of length [, located along the x axis (with one end at
the origin) has a total charge () and a uniform linear charge
density A. Find the electric potential at a point P located
on the y axis a distance a from the origin. 8]

By using the equality of cross derivatives:

o (51) = % (3)
Ox ?35)_6_31 or )’

show that the curl of the gradient vanishes:
V x (Vf)=0. [4]

A ring of radius a carries a uniformly distributed positive
total charge Q. Calculate the electric field due to the ring
at a point P lying a distance z from its center along the
central axis perpendicular to the plane of the ring. 8]

Write down the Maxwell’s equations and give the names
given to each one of them. 8]

By using the vector identity
A-BxC)=(AxB)-C,
show that the curl of the gradient is always zero:

V- (V xv)=0. 4]



(b)

A disk of radius R has a uniform surface charge density o.
Calculate the electric field at a point P that lies along the
central perpendicular axis of the disk and a distance x from
the center of the disk. 8]

Find

i. an expression for the electric potential at a point P lo-
cated on the perpendicular central axis of a uniformly
charged ring of radius a and total charge Q. [4]

ii. an expression for the magnitude of the electric field at
point P. [4]

By using the definition of V, show that the curl of the curl
of a vector function v 1s:

Vx(Vxv)=V(V-v)-V?v. [5]

A uniform electric field E is directed along the z axis be-
tween parallel plates of charge separated by a distance d. A
positive point charge g of mass m is released from rest at a
point next to the positive plate and accelerates to a point
next to the negative plate. Find the speed of the particle at
the negative plate. 5]

A uniformly charged disk has radius R and surface charge
density o.

i. Find the electric potential at a point P along the per-
pendicular central axis of the disk. [5]

ii. Find the x component of the electric field at a point P
along the perpendicular central axis of the disk. [5]




