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SUBMITTED WITH YOUR
ANSWER SHEET(S)

DO NOT OPEN THIS EXAMINATION PAPER UNTIL PERMISSION HAS BEEN
GRANTED BY THE INVIGILATOR.



SECTION A

ANSWER AT LEAST TWO QUESTIONS FROM THIS SECTION

QUESTION 1
(a) A body is shot vertically with a speed of 150 m/s.
(i) What is its velocity at £ = 10 s. (2 marks)
(2 marks)

(ii)) What is its velocity at r =20 s.

(b) A cat jumps from the floor with an initial velocity of 5 m/s and lands on top of a table with

zero vertical velocity. The initial velocity of the cat makes an angle of 40° with the horizontal.
(i) What is the height of the table from the floor? (6 marks)
(it) How much time does the cat spend during the jump? (3 marks)

(c) A 65 kg student on an internship has to lift a box of medical supplies of massm=60kgto a
storage bin a certain distance from the ground. The student can comfortably apply a force F that
is a third of his weight for a period long enough to lift the box at constant velocity. Determine
whether the student can comfortably lift the box using a pulley system as shown in Figure 1.
Show fully how you obtain your solution. (7 marks)

Supplies
Figure 1.



QUESTION 2

(a) Water is to be pumped from a bore hole 50 m deep at a rate of 1 kg per second and discharged
with a speed o

(i) How much potential energy is supplied to the water per second? (2 marks)
(i1) How much kinetic energy is supplied to the water per second? (2 marks)
(iii)) What is the power of the pump? (2 marks)

(b) Two students on a charity project help each other to lift 20 bags of cement over a height of
one metre, Each bag of cement has a mass of 50 kg.
(i) How much energy does each student spend in joules. (2 marks)
(it) What is the energy spent by each student in food calories? (2 marks)
(it1) If each student ate a breakfast of 2 000 Calories, how many times would they have to
lift sets of 20 bags of cement over the height of 1 m to shed off all the calories
consumed? Would this be realistic? (3 marks)

(c) A flywheel of moment of inertia I = 65 kg m” is accelerated from an initial angular velocity of
1000 rpm (revolutions per minute) to a final angular velocity of 5000 rpmin 5 s.

(i) What is the initial angular velocity in radians/second? (2 marks)
(ii) What is the initial angular velocity in radians/second? (2 marks)
(iti) What is the angular acceleration of the wheel? (2 marks)
(it) What is the kinetic energy of the wheel at £ =5 s? (1 mark)



QUESTION 3

(a) A circular steel wire of length 1.8 m and a cross-sectional area of 2.4 x 10 m” supports a
load of 40 kg within the proportional region. Under the tension the wire stretches by 0.45 mm.

(i) What is the stress on the wire? (2 marks)
(ii) What is the strain on the wire? (2 marks)
(iii) What is the Young’s modulus for the wire? (2 marks)

(b) In a certain day the height / of the mercury column in the barometer is 76.1 cm. What is the
atmospheric pressure on such a day? The density of mercury is 13.6x10° kg/m’. Show with the
aid of a diagram how you obtain your solution. (6 marks)

(c) A metal block of mass 250 g at 130 °C is placed into 100 g copper cylinder containing 200 g
of water at 20 °C. The final temperature of the system is 30 °C. The specific heat capacity of
copper is 385 J/(kg.K). What is the specific heat capacity of the metal block? (8 marks)

QUESTION 4
(a) What is the sound level in decibels at the threshold of pain. (2 marks)
(b) What is the sound intensity at the threshold of pain? (2 marks)

(b) Light enters glass of refractive index n, = 1.45 from air (n, = 1) at an angle of 30° with the
normal. Find the angle of refraction at the air-glass interface. (3 marks)

(c) The far point of a person is 100 m. What must be the focal length of the spectacie
lenses for the person to see up to a distance of 5 km? (3 marks)

(d) A Faculty of Health Sciences student owns an electric heater rated at 1500 W and 220
V(ms).
She turns on the heater at 6:00 p.m. and switches it off at 11:00 p.m.

(1) How much current is drawn by the heater? (2 marks)
(ii) What 1s the resistance of the heater filament? (2 marks)
(iif) How much energy in joules is consumed by the heater during the period
it is on? (2 marks)
(iv) How much energy in kilowatt-hours is consumed by the heater during
the time it is on? (2 marks)

(v) If electrical energy cost 55 cents per kilowatt-hour what is the cost of the electricity
consumed?. (2 marks)



SECTION B

ANSWER AT LEAST TWO QUESTIONS

QUESTION 5 [20 MARKS]

e) Convert the following to the S1 Units indicated: [3]
1) 25nm m
11) 150 Mg kg
iii) 200 Cal kem?s? (where 1cal =4.184 J)
D Express the following in scientific notation: 2]
) 186,000 miles s™
i1) 0.000 000 002 K
c Explain the following trends:
(iv)  Atomic Radii in Angstrom units [3]
H Li Na K Rb Cs
0.30 1.23 1.57 2.03 216 2.35
(v)  ionisation energies in kJ/mol [3]
Na Mg Al Si P S Cl Ar
496 737 577 786 1012 999 1255 1521
(vi)  Pauling’s Electronegativity coefficients (Unitless) [3]
Li Be B C N 0 F
1.0 1.5 2.0 2.5 3.0 3.5 4.0
d) Describe Any two ions of environmental concern. Include in your description the

associated disorder and the most likely source of the ion. [6]




QUESTION 6 |20 MARKS

a)

b)

Briefly describe the difference between an empirical formula and molecular formula

[4]

6.853 mg of a sex hormone containing C, H and O was bumed to determine its
molecular formula. On burning 20.08 mg CO; and 5.023 mg of H,O were obtained.
The formula weight of the substance was found to be 270 g/mol.
1) Calculate the Empirical formula for the hormone  [14]
ii) Calculate the molecular formula for the hormone  [2]

[note that the unit 1 mg =0.001 g = 1x1073g}

QUESTION 7 j20 MARKS]

b)

b)

c)
d)

1) Define an acid solution. Give one example. [2]
1i) Name three kinds of acids found in the body. [3]

Briefly discuss any ene of the following: [6]

1) Respiratory alkolosis

1) Metabolic alkolosis

In your discussion include the cause, the symptoms and the treatment.

Describe the mechanism by which the body reduces acidosis. [4]

Calculate the concentration of a 20 g NaOH in 1 L. Refer to the periodic table to
calculate the molecular weight of NaOH first. [5]

Question 8 [20 Marks]

a)
b)

©

Explain the difference between permanent and temporary water hardness. [6]

Describe three major classes of water pollution and explain how each could be
removed using standard purification procedures. [10]

Calculate the volume of a 20% (w/v) saline solution (NaCl) that is required to prepare
a 5% solution (NaCl) in a 100 ml volumetric flask. [4]



GENERAL DATA SHEET

Speed of light in vacuum ¢ =2.9978 x 10® m/s

Speed of sound in air = 334 m/s

Gravitational acceleration = 9.80 m/s’

Universal gravitational constant G = 6.67 x 10! N m%kg”
Density of mercury = 1.36 x 10* kg/m®

Density of water = 1000 kg/m’

Standard atmospheric pressure = 1.013 x 10° Pa

Gas constant R = 8.314 J/(K mol)

Avogadro’s number Ny = 6.022 x 10> mol*

Io=10"2 W/m®

1 calorie=1c¢=4.186J

1 food calorie = 1 Calorie = 1C = 10’ calories =4.186 x 10° J

c(water) = 4186 J/(kg K) c(ice) = 2090 J/(kg K) c(steam) = 2079 J/(kg K)
Le(ice) = 3.33x10° J/kg L(water) = 2.260x10° Jkg
l 9
k= e 899 x10
0 Nm?/C?

Charge of an electron=-1.6x 10" C

Charge of a proton =+1.6 x 10° C

1 atomic mass unit=1amu=1u=1.66 x 107" kg
Electron mass, 7, = 9.109 x 10! kg

Proton mass, m, = 1.673 x 107’ kg

Neutron mass m, = 1.675 x 10 kg
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