L-Universita Department of Chemistry
ta' Malta Faculty of Science

B.Sc. (Hons.) Year |
Sample Coursework Assignment

CHE1215: Methods of Chemical Calculations March 2022

Instructions

This assignment will assess your knowledge of the topics we have covered so
far in class, namely basic algebra, trigonometry, functions, differentiation and
integration.

Read the following instructions carefully.

e This assignment carries a small percentage of your final mark for the
course.

e This assignment consists of 6 questions and is out of 100 marks.

e Submit your solutions in PDF format (handwritten & scanned) on VLE
by Thursday, 31st of March, 2022, no later than 23:55.

e Attempt all questions.

/\ This is not a group assignment: plagiarism will not be tolerated.
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MATHEMATICAL FORMULA

ALGEBRA
Factors
a3+ b3 =(a+b)(a®—ab+b?)
a3 - b3 =(a-b)(a®+ab+b?)
Quadratics
If ax? + bx + ¢ has roots a and S,
A =b?—4dac
a+p= —[3’ af=%
Finite Series
n 1
Z len Z P n(n+1)
k=1 k=1 2
Z”: 2= k(k+1)(2k+1)
k=1 6
n (n
(1+x)"=)" ( )x”
k=0 \k
=1+nx+ "(g._ll)x2+~--+x"
GEOMETRY & TRIGONOMETRY

Distance Formula
If A=(x1,y1) and B = (x2,2),

d(A,B) =/ (x1 —x2)2 + (y1 - y2)?
=1/ Ax2+ Ay?
Pythagorean Identity
cos?0 +sin’0 =1
General Solutions

cosf=cosa < O0=+a+2nZ
sin@=sina < 6 =(-1)"a+nn, nez

tanf =tana < O0=a+nZ
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CALCULUS
Derivatives Integrals
f(x) f'(x) f(x) S f(x)dx
n n-1 n X1
X nx x"(n#-1) el
sinx cosx sinx —CoSX
cosx —sinx cosx sinx
tanx sec? x tanx log(secx)
cotx —cosec? x cotx log(sinx)
secx secxtanx secx log(secx +tanx)
cosecx | —cosecxcotx cosecx log(tan %)
eX eX ex ex
log x 1/x 1/x logx
! ! 1 1 -1(x
uv u'v+uv = ztan~!(%)
/ ! 2 X -1l
uly (Jv-uw)/v == sin~! (%)

Homogeneous Linear Second Order ODEs
If the roots of ak2 + bk + ¢ are ki and ko, then the differential equa-
tion ay” + by’ + cy = 0 has general solution

y(x)=

Infinite Series

crekx + cyekex if ki # ko
cre + cpxe if k=ki=ko
e™(crcosBx+cpsinPfx) ifk=axBieC
00 4N 2 X3 X4
Z—I_1+x+—+—|+—I
= n! 2 31 4
$ DL 2
= n - 2 4l
neven
;1
§ENT L2 e
= 31 5l
n odd
%o (-1 n+l 2 2
Z( ) X":X—X—+X——-~-, x€e(-1,1]
=1oon 2 3
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1. Consider the function f(x,y,z) = x%y +2xyz + 3xz°.

: . ot of of of
(a) Determine the partial derivatives 3, oy and 3~.

(b) Find the total differential, df.

(c) The Hessian matrix H of f is the following 2D table of partial deriva-
tives:
o’f  0*f  0%f
0x2 0xdy 0x0z
0*f  0*f  9°f
dydx 0y? 0ydz
o’f  0*f 0%

0z0x 0z0y 0z2

Compute the partial derivatives that should go in this matrix, and
write your final answer in the form of a 3 x 3 grid as above.

[3, 2, 9 marks]

2. (a) Determine the derivative of each of the following functions.

N o4 g2 4,1 5
(i) y=7x"+5x 1+3X+4X3
(ii) y =2sin(3x) (iii) y =sin(x?>+1)
(iv) y=sinVx2+1 (v) y=(x>+1)sinx
. sinx —F
(Vi) y = 241 (vii) y=log \;;:T{f

(b) The probability that a molecule of mass m in a gas at temperature
T has speed v is given by the Maxwell-Boltzmann distribution

3/2 ITIV2
f(v)= 471(27:/:_,_) vie 2T,

where k is Boltzmann’s constant. What is the most probable speed
(i.e., the speed v for which f(v) is maximised)?

[14, 5 marks]
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https://en.wikipedia.org/wiki/Matrix_(mathematics)

3. A polynomial function f is given by
f(x)=1+(2+3x)(4x +5)>.
(@) Find the remainder when f is divided by:
(i) x-1,
(i) x2-1.
(b) Give a full factorisation of f. Hence determine all solutions to

1

4x+5=— .
X T 2 3x)(4x 1 5)

(c) Determine the coordinates of the stationary points on the curve
y = f(x), and state their nature.

(d) Hence, give a sketch of y = f(x), labelling any turning points and
intercepts with the coordinate axes.

(e) Using partial fractions, show that

10 {/(ax+3)5(12x +17)?
f m dx = Iog(

+C,
(x+1)2 ¢

where log denotes the natural logarithm.

[4, 3, 4, 3, 12 marks]

4. Find the general and particular solutions to the following differential

equations.
dy . .
(a) 5 =Y sinx; given that y =1 when x =0.
Ix
dy .
(b) i e*7Y, given that y =0 when x =0.
X
d? d d
(c) ay +2_y -3y = e2*, given that y =0 and &_ 1 when x =0.
dx? T dx dx

[5, 5, 8 marks]
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5. Consider the quadratic expression g(x) = 4x2 +4x — 15.

(a) Express g(x) in the form a(x — p)? + g for appropriate values of a, p
and q.

(b) Hence, sketch the graph of y = g(x), clearly labelling any turning
points and intercepts with the coordinate axes.

[4, 4 marks]

6. (a) Let A=(1,2) and B=(-3,7) be two points in 2D.
(i) Find the distance between A and B.

(ii) Findthe equation of the straight line passing through the points
Aand B.

(b) Solve the equation cosd = % for angles —27 < 9 < 27. Sketch your
solutions on the unit circle.

(c) Solve the equations

{3X+y — Q9x+5
logs,2(3x% +y) =2

simultaneously.

[5, 5, 5 marks]
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