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SCIENTIFIC MEASUREMENTS

BASE AND DERIVED QUANTITIES

= A Physical Quantity; consists of a numerical magnitude and a unit.

= All physical quantities can be grouped under base quantities and derived
quantities

= There are 7 base quantities;

1. Length

Time

Mass

Temperature

Current

Luminous Intensity

Amount of substance (the mole)

= Most units commonly used are in combination of the base quantities/units
they are known as derived quantities. Examples; Velocity(m/s),
Acceleration(m/s?), Force(Kgm/s?), Energy(Kgm?/s?)

* The internationally accepted metric system used is called the System of
Units (SI Units)

SI UNITS

The number(or value) of a physical quantity is written as a number followed by a
suitable unit.

N o v kwnh

Base Quantity Sl Unit Symbol Used
Length Metre m

Time Second S

Mass Kilogram Kg
Temperature Kelvin K

Current Ampere A
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Scalars
Definition Scalars refer to physical quantities having magnitude only
e.g length, time, mass, distance, speed, volume, density, energy
Vectors
Definition Vectors refer to physical quantities with both magnitude and direction
e.g displacement, velocity, acceleration, weight, force, moment

= Vectors can be represented by arrows
= The length of the arrow represents the magnitude. The arrow head represents
the direction. Eg;

10N

»
>

= Two vectors can be added to form a resultant vector
= There are two methods for addition of vectors;

Simple Addition Method

This is used when both vectors are parallel(same or opposite directions)
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[]  Direction of vectors; When both vectors are parallel (same or opposite direction’

eg. © [:)::2:

Resultant force = 8 N to the right

eg. & aN-w—J | an

Resu:_ltant fprce ={-4N)+4N=0N {oppoéite direction becomes negative} :.

e.g. @ 4N <——D . > 9N
: 1

Resuitant force = 5N to the right

Parallelogram Method

= This is used when both vectors are not in the same straight line.

= The resultant vector is represented in both magnitude and direction by the
diagonal of a parallelogram with two given vectors as adjacent sides.

= Thatis, joining the two tails of the vectors first, then complete the
parallelogram and lastly draw the diagonal
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Example

Find the resultant force acting on the portrait suspended using two ropes as shown
in Fig 5.11.

JP//I////:’/_;"!/I/!‘ /.f‘g;".-"

30N 40N

fope 75 rope

portrait

Fig. 5.11: Portrait suspended using two ropes

To find the resultant of the two forces, we first sketch a parallelogram of which
the sides of 30 N and 40 N are adjoining (Fig. 5.12).

ABCD is a parallelogram

AD /1o BC

AB // to DC

angle ADC = [80° — 75 = 105°
angle ABC = <ADC = 105
AC is the resultant force.

Fig. 5.12: Parallelogram of forces
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To locate the resultant force AC, we draw a parallelogram ABCD as fﬁllows usmg
a Scaje of 1 cm to represent 10N g5 |

- Draw AB =4 cm. |
- Draw angle BAD = 75° and measure AD = 3 cm.
‘Draw angle ABC = 105° and prolong line BC. |
Draw line DC such that angle ADC = 105 Prolong the lme w mtersect lme
- BCatC. - :
Join A to C with a straight 11ne |
~ Measure AC and convert to newtons using the scale
- Measu:re angle BAC in Fig. 5.13. ¢ |

We obtain 'Fig. 5 13
AC 1s the resultaht -for‘ce.

AC =56
M56x10N
=5N

<CAD =44°

~ Thus, the resultant forceis S6 N
acting at an angle of 44° to the 30 N

F ig. 5.1 3: Pamf?éiogmm drawn to scale
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[Q] Which dingram represents the directions of vectors X and Y and their resultant Z?
A M - o i}
X X X x

S ~

[Ans] D By the paralielogram law, the resultant of two forees is the diagonal of the
parallelogram with the two forces as the adiacent sides.

Aftar drawing the paralielogram, thare bre twa dlagonals, Tha resultart force s
tha diaponnl which starts from the samo point os the (wo foroes.

A B M € D

X -"‘F' .-"IJ !
o .l
; /
. ;
| : £

a4 £
/

LENGTH
The Metre Rule

= The millimetre is its smallest division.
= |t can be used to measure lengths of more than 1mm.

Vernier Callipers

main Scale

l
3 4 L
mhmlnulml'nn]uuh "
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= Used for measurements accurate to 0.1mm.

= |t consists of two scales; main scale and Vernier scale

= Can be used to measure the diameter of balls and cylinders.

= The jaws marked A are used for measuring outer diameters whereas those
marked B are for internal diameters of tubes
= Enables us to take measurements up to 0.1 of the smallest division of

the main scale.

= Each division on the Vernier scale is 0.09mm.

Procedure:

1. First find the value of the Main scale that appears just before the zero of
the Vernier scale. (Imm)

2. Then find the value of the line on the main scale that coincides with a
line on the Vernier scale and write it as a decimal point. The diameter is
therefore (1.6mm)

Micrometer Screw Gauge
= Measures with an accuracy of 0.01mm.
® |t can measure the diameter of hair.
= |t consists of two scales; main scale on the sleeve and circular scale on the
thimble.
= Each division represents a distance of 0.01mm.
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spindle sleave thimbile

reindiiig sicromater soReLD gauge

‘T:_\_ T H-L“J['
\/ frame ™
bl
. ¢ _li._ In e [t

1m Ind reading
_1¢, (012 i}

amwil

L5t reading {4, 50 mm}

Procedure:

1. Turn the thimble until the object is held gently.

2. Read the main scale on the sleeve for the 1 place of decimal. (4.50mm)

3. For the second place of the decimal, look at the marking on the thimble
scale that coincides with the horizontal line of the main scale. (0.12mm)

4. Simply add the two decimal numbers. Hence, the correct reading for the
object is 4.62mm.
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MEASURING TIME INTERVALS

= S| unit of time: second (s)

Simple Pendulum

= The time taken for the bob to complete one swing(oscillation), i.e A-B-C
and back to A depends on the length of the thread.
= This time is called the period T.

t . :
T = - where t = time taken; n = number of swings

Example:
In an experiment to determine the period of a pendulum, the time for 20
oscillations is found to be 30 seconds. What is the period of the

pendulum?
Solution:
T=2:
n
T =2
20
T =1.5s

[Q] Thie diagram shows a pendulum oscillating between positions X and Z. It takes 155 to
go from X to £ and back o the :ﬁui-]\mm Y. What is the period of the pendulum?

A 05s

108
C 15=
D 20s

|Ans] D Time lor the pendulum o go from X 1o Z and back o Y is 3 quarters ol an oscillation
Therelore period = 1.5 = 4/3 = 203
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PRACTICAL 1- FACTORS THAT AFFECT THE
PERIOD OF A SIMPLE PENDULUM

Apparatus

= A pendulum bob
= 1 metre string
= A stop watch

Procedure

= Set up the apparatus as shown below. Displace the pendulum through a
small angle 8 (8 < 10°) and release it. Use a stop watch to time 20
oscillations (complete cycles) of the pendulum.
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Fig. 2.28: To determine the acceleration due to gravity using a simple pendulum

*  Repeat the experiment a second time and calculate the average time for 20
oscillations. Repeat the process for lengths 20 cm, 30 ¢m, 40 cm, 50 cm, 60
c¢m and 70 em. Record your results in a table (see Table 2.4)

Table 2.4
Length, (1) of the stringin (cm) | 10 | 20 | 30 | 40 [ 50 | 60
Time (t) for 20 oscillations i (s)

Period T(t) = 5‘5 (s)

*  Draw a graph of period, T (s) against length, 1, (cm) and comment on the
nature of the graph.

»  Draw a graph of T* (s*) against length, 1 (cm).

From the graph, (Fig. 2.29 (a)) the period of the pendulum increases as the length

increases. This can only happen, if the mass of the pendulum bob and amplitude

remain constant. Fig. 2.29 (b) a graph of T?(s”) against L, is a straight line graph

passing through the origin i.e. period squared is directly proportional to the length

of the pendulum string.

A J A
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For a simple pendulum oscillating with a small amplitude, the period (T) is given

btT=2n| !,
g
Where, T is the period, /, the length of the pendulum and g the acceleration due

to gravity.
Squaring both sides of the equation, T =2x ’ £ , We get
g

12 _Am D)
g
Making g the subject of the formula in equation (i), we get
_ 4l
E_?
4nel.

Therefore, acceleration due to gravity is given by g = v

Ifthe values of T? and the corresponding values of / obtained through an experiment
are plotted in a graph, we can determine the value of g as follows:

Comparing equation (i) and the general equation of the straight line i.e.

T*=4x*l and y=mx +¢,
Y
Where T2 and / correspond to y and x respectively, we note that

% = m (the gradient of the graph).
Making g the subject, we get that g is given by

B aml
£ m L€ €7 oradient of the graph

Using the set up in Fig. 2.28, displace the pendulum through angle, 8= 10°and
release it. Use a stopwatch to time 20 oscillations (cycles) of the pendulum.
Holding the length and mass constant repeat the experiment a second time
and calculate the average time for 20 oscillations. Repeat the experiment for
amplitudes, 0 = 15°,20°, 25°, 30" and 35°. Record your results in a table (see
Table 2.5)
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Amplitude, 68 (°)

Time, t,, for 20 oscillation

Time, t,, for 20 oscillation
Average time, t_ for 20 oscillation,

t

Draw a graph of period, T (s) against the Amplitude, 0 (°) and comment on
the nature of the graph.
Discussion

Fig. 2.28 is a graph of period, T(s) against the amplitude, 8 (°)
A

Period, T (5)

-

Amplitude, 6 (")

Fig. 2.29: A graph of period, T, against amplitude, 6
From Fig. 2.29, the period, T of the pendulum increases asymptotically (does not
touch the period or amplitude axis) or to infinity with the increase of Amplitude, 6.

Note: In both experiments, two readings of time are taken for each result and
averaged to improve on the level of accuracy.
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L. The figure shows a catapult used to project an object. Foree F pulls back the object, creating lension
in the rubber cords.

{n) The tension foree in each rubber cord 15 20 N and the twi cords are at 60° to each other. The
figure below shows the direction of the two tension forees acting on the object,
By making & scale drawing an the figure, or otherwise, find ihe resultant of these two tension
forces acting on the object, If you draw a seale drawing, state the scale that you use.  [3]

(b) When the vbject is pulled back, the average value of the furce F is 16 N and the object moves
a distanee 0.20 m in the direction of F, Calculate the work done, State clearly the equation that
you use. 2]

1 Foree 15 a veclor qoantily
{n} State which two of the followmg are also Yector quantsties,
Arreleration, distance, mass, speed, veloaly [

fir} When two furees of 5 N are aclded, they may produce o resultant foree that has any value betwieen
0 and 10 /M.

{i) Describe haw if is possible to produce a zero resullant foree from twe forces of 3.
(i) Describe how it Is possible to produce a resullant foree of 10N from two torees of SN,

i) Draw & veclor diagram o show how a resultant foree of gbout 5N may be obtained (rom
Lhé twa 5N torces, Clearly label ihe forces and the resiliant, 4]
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A The figure below shows a simple pendulum suspended from a clamp.

o
ik it stde view

(3] Desertbe briefly how you would use a stopwalch or a stopclock to determine, as reliably as
prssible; the peviod of psefllation of the penduhim. I3
{t) A student obtains the following values for the time for 20 complete oscillations of 2 pendulum.

lihs 147 5 1455 46 1475

Determiine the perid of the pendulum. 2
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SOLUTIONS:
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1. (a) Scale: 1 cm represents 25N
Resultant force = 13.8x 25 = 345N

(b) Work done = force x distance moved
= (16)(0.20)
=327 .
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2. (a) aucfiﬂttiun and velocitj.r
(b) (i) Both forces are in directly opposite directions.

(ii) Both forces are in the same direction.
(i)

Examlip 15

{al Only acceleration and velocity have bath magnitude and direction. The other quantities hava
only magnitude,

) i a—t =+

BN

—g—— — ——

SN

i C =

iy To obtain.a resultant of 6.0 N, the diagonal of the parallelogram must be 5.0 N. Since
the twn forces are also 5.0 M, two equilateral triangles are formed. For an equilateral
triangle, each angle is B0°. Hence the angle batween the two 5.0 N is 1207,

b using the stopwatch and record it as t. Period

3. () Measure the time taken for twenty ¢
Af‘ ‘ - % . o X
of the pendulum = _I;E . Repeat the experiment to obtain several readings and calculate the average.

Average time for 20 complete oscillations

14641474145+ 146+ 147
= 5

= 1462

. 14.62
Period of pendulum = ——5= =073s
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Volume is the amount of space an object occupies. The unit of volume is the
cubic metre (m3)

The Volume of a Liquid

= Apparatus that can be used to measure volume of a liquid; measuring cylinder,
pipette, burette, etc.

= How to take correct readings for the volume of a liquid:

= Take the reading from the meniscus.

The Volume of a Solid

® The volume of a regular solid can be found using the following formula;
Volume = Base Area x Height
Or
Volume = Length x Width x Height

= Forirregular solids, the above formula above cannot work.

» The displacement method is used to find the volume of small irregular solids.
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= The following describes this method; Calculations are shown here;

——hleasunng cylmder

T
i
N
gT'l.I_'I_._‘

Imegular salud

Volume of water before solid is put in = V1
Volume of water after solid is putin = V>
Volume of water displaced = Volume of Solid
Volume of Solid =V, -V,

= Another method is the displacement can method described below

m e Dgpilacement can
p—

I|l:|
|I”I

Solid - Medsuning cylinder

T{rs Hj—ﬂ I

x. WL
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MASS, WEIGHT AND DENSITY

MASS

= Mass is the amount of matter a substance contains. It is measured in
Kilogram.
= |Inertia of a body refers to the tendency of not changing its state of rest or
motion.
= A stationary object tends to remain at rest by itself. Such tendency is called
inertia. Inertia is a Latin word for “laziness”.
= A moving body keeps on moving with the same magnitude and direction.
Such tendency is called inertia.
= Examples of inertia:
1. When a bus stops suddenly, the passengers continue to move
forward.
2. A fat person can easily lose his balance if he tries to run in a zigzag
manner.
3. A bus with a mass of 7000 Kg has a larger inertia than a car with a
mass of 1200 Kg.

Unit Symbol Volume
Tonne t 10° Kg
Gramme g 103 Kg
Milligramme mg 10°Kg

Measurement of Mass
= Mass can be measured using a beam balance.
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= The most common balance is the triple beam balance.

inl Tracrions beam Dalanos o Trpk s bl ivuie iz Digiialeam balsnoe
= Cautions; Ensure to Zero the balance and ensure that the pan and beams
are clean.

Determining the Mass of a Liquid
The following formula is usually used;

Mass of liquid = Mass of container containing liquid - Mass of container only

Determining the Mass of Air
The following formula is usually used;

Mass of air = Mass of container containing air - Mass of container only

WEIGHT

Weight is a vector quantity that measures the amount of gravity acting on a
body.

= All objects are attracted by the gravitational pull of Earth.

= An object with more mass experiences greater gravitational force acting on it.

= According to Newton’s 2" Law of Motion, weight can be calculated by simply
multiplying mass by acceleration due to gravity

W =mg

= gisalso known as gravitational field strength which has the same magnitude
of 9.81 but different Sl Unit, ie. NKg™*

Differences Between Mass and Weight

MASS WEIGHT
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STUDY ONLINE. NOTES. PAST PAPERS WITH ANSWERS

Definition

Quantity

measure of the amount of matter contained
scalar

kilogram (Kg)

\ZE {21214 using a beam balance or electronic balance

Property

cannot be changed by changing its location,
shape or speed

attractive forced exerted due to gravity
vector

newton (N)

using a spring balance or compression balance
weight changes depending on location
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The following shows the mass and weight of an astronaut when he travels
from Earth to Earth’s Moon:

On Earth On Moon In Outerspace

Mass = 84 Kg Mass = 84 Kg Mass = 84 Kg

Weight =840 N Weight =140 N Weight=0N

(Gravity of Earth is (Gravity of moon is about (No gravity in outer
about 10N/Kg) one-sixth of value on space, weightlessness)

Earth. About 1.6N/Kg)

[Ql The gravitational field strength on the surface of the Moon is 1.6 N/kg. Which values
of mass and weight are correct for an object placed on the Moon's surface?

Mass / kg | Weight / N
A 10 1.6
B 10 16
C 16 10
D 16 160

[Ans] B Weight = massx gravitational field strength=10=16=16 N

Since mass of the object is not given, check the values for mass and weight 1o
find out for which pair of values the relationship W = mg is held.

CENTRE OF MASS

= Bodies on Earth experience the pull gravity. This force of gravity is always
directed towards the earth’s centre and is called the weight of the body.

* The centre of mass is the point in a body where all the mass of the body seems
to be concentrated.
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PRACTICAL 2 — FINDING THE CENTRE OF MASS
OF AN IRREGULAR LAMINA USING A
PLUMBLINE

Apparatus

*  Anirregular lamina

* A drawing pin

Procedure

~ Make three holes P, Q and R on an irregularly shaped lamina as close as

possible to the edges and far away from each other. The holes should be large
‘enough to allow the lamina turn freely when supported by a drawing pin.
Suspend the lamina on the clamp using the drawing pin each hole at a time.
Suspend a plumbline (a thin thread with a small weight at one end) from the

point of support, P as ahnwninth.i 5(a) and draw the line of the plumbline
on the lamina by marking two points A and B far apart and joining them.

Repeat the procediire with the support Q and mark the point M where the two
lines intersect.

Check the accuracy ufyourmemod by suspending the lamina at R.

Fig. 3.5: Locating centre of mass of a lamina using a plumbline
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The plumbline pass through M (Fig. 3.5 (b)). Check the results again by balancing
the lamina about point M. e

Observation
The lamina be balances horizontally. Point M is the centre of mass of the lamina.

Conclusion

The experiment above also proves that when a body is freely suspended it rests
with its centre of mass vertically below the point of suspension.
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= Density is a measure of how closely the particles of a substance are packed
together.
Density of a substance is its mass per unit volume

P=7

= Where p = Density, m = Mass, v =Volume

Determining the Density of a Liquid

= Weight a clean beaker on a balance and run into it a measures volume of
liquid.

= Use the following to calculate the density;

Density of liquid = Mass of beaker with liquid — Mass of beaker only

Volume of liquid

P=m-m;

Vv

» 1Kg=1000g;1m=100cm;1m3=10%cm?

Determining the Density of an Irregular Solid

®  For example, we are finding the density of a stone. We will use the following
formula.
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. mass of stone
p volume of water displace by stone

Lot

f

YT

fa} Mewnod |

(b Method 2

Relative Density

As long as the mass of equal volumes of water and the liquid whose density is

to be determined are known, the density of the liquid can be determined as
follows:

mass of liquid

Relative Density =
Y = nass o f equal volume of water

® Relative Density is the ratio of the mass of any volume of a substance to the
mass of an equal volume of water.

® |f the relative density of a liquid is 0.80 its density is 0.80 g/cm3.

Example
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The density of the copper 8.93 g/cnv’. Find the relative density of copper,

density of copper
~density of water
_ 893 glom®
 LOglem'
=8.93

Relative density of cnﬁ;:er =
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Relative Densities of Some Solids and Liquids

RELATIVE DENSITIES OF SOLIDS RELATIVE DENSITIES OF LIQUIDS
Aluminium 2.7 Alcohol(Ethanol) 0.79

Brass 8.5 Benzene 0.90
Copper 8.9 Glycerine 1.26

Cork 0.2t00.25 Mercury 13.6

Glass 2.5t02.9 Methylated Spirit 0.80

Gold 19.3 Milk 1.031

Ice 0.92 Paraffin 0.85

Iron 7.86 Petrol 0.66 to 0.69
Lead 11.3 Sea Water 1.02
Marble 2.6 Sulphiric Acid 1.84
Platinum 1.4

Silver 10.5

Sulphur 2.0

Tin 7.3

Zinc 7.1

Uses of Density

We can use densities to identify substances and even determine their purity.
Chemicals in industry can be separated by using their different densities. This is
done in the separation of oils in the petroleum industry.
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Card 1 Card 2 Card 2 Card 4

50
Y Stﬂtdmmqm
volume of liquid
MMMGI
Flick the liquid plus the stone
to get nd of any air
bubbles
Card 5 Card § Card 7

‘What order should the cards be in?
5232362221247
1—*5—*3—!&71-2-5?44

5262322313734

onNn = »

12425—=23=26=22>7

[Ans] B It is easier if you look at the choices given rather than work out the answer by
rearranging the cards.

To find the density of a stone, we need to apply the formuta density = massivolume.
The mass is measyred by using a8 mass/electronic balance. The volume is obtained
by the displacement method.
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[Q] Some students want to calculate the density of a type of wood. They measure the masses
and volumes of different sized samples of the wood.

Which gtaph shows their results?

L4

uvok:m

Ans] B For same substance, mass is directly proportional to volume.

The graph should start at the origin,

[Q] Some students want to calculate the density of a type of wood. They measure the masses
and volumes of different sized samples of the wood.

Which gmph-shuwa their results?

14N

uvohn'be

Ans] B For same substance, mass is directly proportional to volume.

The graph should start at the origin.
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[Q] A quantity of gas in a sealed balloon is conled dowr
No gas is allowed to enter or leave the balloon,
How do the listed properties of the gas change?

Mass Volume Density
decreases | stays the same | increases
increases stays the zame | decreases

stays the same | decreases | increases
stays the same | increases | decreases

gini=le

[Ans] C When the temperature decreases, the gas contracts. The density will decrease as
the volume is smaller but the mass is a constant.

For this type of guestion, candidates should bear in mind that the mass of the
a5 15 a constanl as no gas is allowéd [0 enter or leave the ballcon. The velume
af the balloon is nol a constant as it can expand or contrast,

PRACTICAL 3 — DENSITY OF FLOATING WOQOD

Apparstos

» A piece of wood = A measuring cylinder
*  Anoverflow can or Eureka can » Water

* A compression balance -

Procedure

*  Measure the volume, (V) of a piece of wood by immersing it into water
in measuring cylinder using a sinker. (Measuring volume by displacement of
the water).

Fill an overflow can (eureka can) with water. Allow the excess water to flow
out through the sprout.

Place an empty beaker on a compression balance under the spout and record
the weight, W of the empty beaker (see Fig 4.1)
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Fig. 4.1: Density of a piece of wood by displacement

Place the piece of wood to float on the water in the eureka can and collect the
water that flows out through the spout into the beaker. Record the weight W,
of the beaker and displaced water.

«  Calculate the weight, W, _ of water displaced using;, W =W,-W,

Discussivn

Since, weight of a floating wood = weight of a fluid displaced by the wood.
So W= W =W —W el N (1)

From W=m x‘gﬂm=—gi’wediﬁﬂﬂgmbnﬂasides of the equation (i) to get,

Mot~ My, = ML, =N,

where, m, _m, is mass of water displaced.

The density of the floating wood is given by:
it offloating wood = mass of the wood _ mass of the wood
Densily o NI W o00 = e of a water displaced  volume of the wood
. m, —m,
-V

oo
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CHALLENGING QUESTIONS WITH ANSWERS -2

1. A measuring cylinder contains 30 em? of liquid, When a stone of weight 1.92 N is dropped into the
liguid, it sinks to the hollom and the liquid level nses to the 70 em® graduation.

Taking the weight of | kg 1o be 10N, calculate :
(i) the mass of the stope, {1
(it} the density of the stone. 121

Explain why it would not be possible to use this method 1 determine the density of cork which
would float m the liquid, 111

(a) When a block of metal is hung in air from # spring balance, the reading is 96,
(i) What is the weight of the black of metal? :
{ii) Assuming that the weight of a 1 kg mass is 10N, what is the mass of the block of metal?

12l
(i)

The above diagram shows a displacement can which has been filled with water.

When the block of metal in {a) is lowersd into the can until it 5 totally immersed in the waler,
110 em? af waler overflows. Calciilate the density of the metal 2]

. The mass of 600 spherical lead pellels is found in be 66 g and the total volume of the pellets is found
to be 5.7 . Calculate

(i) the tatal weight of the pellets,
fii) the volume of one pellet,
(iii) the density of the pellets in kg/m’",

(iv) the number of pellets which has a mass of 1,00 kg, [The force of gravity acting on a mass of
100 kg 1= 10.0 N] 171
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4. (a) The acceleration of free fall near the surface of the Earth s 9.8 m/s.
The acceleration of [ree fall near the surface of the Moon is 1.6 m/s*
Caleulate the weight of an object of mass 5.0 kg
(i) near the surface of the Harth,

{ii) near the surface of the Moon.
{b) You have available a balance ] and a balance K, as shown in the figure.

State and explain which you would use to measure
(i} mass,
(i) weight.

SOLUTIONS:

L (i) Mass, m=W/g = 092/10 = 0.092 kg
{ii) Volume of stone =Wﬂfrﬂwngmmmlgﬂyﬁndﬂ

4y

=40 cm,

= mass of stone / volume of stone

=92/40

23 g-fcm’

To find the volume of the cork accurately, it needs to be immersed completely into the liquid. Since
equal to the volume of

the cork floats in the liquid, the volume of liquid displaced would not be
e cork. Thus it would not be possible to use this method to determine the density of cork.

Demsity of stone
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2. fa) (i) The weight of the metal block is the reading of the spring balance.
oaN
(i) Mass, m =W /g

=86/10
=196 kg

(b Volume of the metal block is the volume of waler displaced = 110 em”

Density = mass/ volume
=960/110

=873 /cm’

ExamTip 15>
il [} Spring balance |s used 1o Maasure welght which is a forca, Beam bolance is used 1o measurs
‘mass which s the amount of matier
fil} Again, candidates have ta apply W = mg several lies during axaminations.
(] Studems are able 1o describe how to determing tha volume of an object by displacement
method,

2 af the = mg
3. () weght pellets s O
=066 N

(ii) volume of one pellet =37 /600
=95%x107 am™
=4 10000
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(iii) density of the pellets = total mass/ total volume
=66/57
=116 g/ cm?
=116x10" kg / m*

(iv) number of pellets =1.00/(0.066 / 600)
=9090 (3 sig. fig.)

Examlip 1 5=

[l The mass of pellets is given in g; The unit of gravitational fisld strength is M/kg. It should
be noticed that there is an inconsistancy in the unit of mass. Candidates need 1o change
the unit of mass from g to kg.

lii) It is optional to change the unit of volume to m? here,

mass of one pellat :
volume of one pellet

iii) Density can alzso be found by

{iv) A common mistake here is that some students use the answer in (i} to find the mass
for one pellet. They are nat sure about the difference betwsen mass and weight. Mass
should be used for this question but not the waight lanswer in part (i)},

4. (a) (i) weight near the surface of the Earth=mg,  =50%98
- ' ' 49N

(ii) weight near the surface of the Mm::E: =50x=16
4° % =5-&N
(b) (i) Balance K. Its working principle does not depend on the value of acceleration due to gravity.
(ii) Balance ]. Its readings depend on the value of acceleration due to gravity.

Examlip 15~
{al This is a straightforward question, but it shows that the weight is not a constant. It depends
on the distance and also the gravitational field strength.

(bl Balance K Is ta compare masses to show readings whereas balance J uses the gravitational
pull to show a reading.
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= Scalar quantities: Distance and Speed.
Vector quantities: Displacement and Velocity.

= Displacement incudes direction. Distance only has magnitude.

= Velocity incudes direction. Speed only has magnitude.

= For motions in a straight line, there is no difference between distance and
displacement (therefore, speed and velocity are the same thing).

Speed is the rate of increase of distance moved with time.

Total Distance

Spveed =
pee Total Time
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Velocity is the rate of change of displacement with time and it involves the idea of
direction. Constant velocity means that the speed is not changing, and itisin a
constant, specified direction.

When a resting object starts to move and increases its speed, we say it is
accelerating.

When a moving object slows down and finally comes to a stop, we say it is
decelerating.

S| Unit of acceleration: metre per second squared (ms2)

final velocity — initial velocity

Acceleration = .
time taken

V—Uu
t

a =

The Motion in a Straight Line of a Moving Object

At rest: speed is zero, acceleration is zero.
If there is increasing speed, it may be:
If there is increasing speed, it may be:
o Uniform for a period or
o Non-uniform for a period.
The object can also move with constant speed for a period. (No change in
speed, acceleration is zero)
If there is decreasing speed, it may be:
o Uniform for a period or
o Non-uniform for a period.
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Equations of Uniformly Accelerated Linear Motion

If we use ‘@’ to represent acceleration, ‘u’ for initial velocity, ‘v’ for final velocity,
‘s’ for displacement and ‘t’ for time, the following equations of motion can be
used.
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DISTANCE -TIME GRAPH

= The following figure shows the different kinds of motion of an object’s
distance-time graph.
o When at rest, the graph is a horizontal straight line.
o For constant speed, the graph is an upward sloping straight line.
o Forincreasing or decreasing speed, the graph is a curve.
o There is no downward sloping for a distance-time graph

® At rest ® Constant speed
(zero gradient) (constant gradient)
A '\
gt 3 I b
g : S | J distance \
3| Bl | ] T
| can be anywhere : ! : iata = at |3
h o - : ! -
time time
® Increasing speed ® Decreasing speed
(increasing gradient) (decreasing gradient)
A
L PR b
»@E E | distance | E . distance |
= i : i time E : time
"""" : i iath > atg i isthb<ata
1 ! - ! :
time time

The speed is the gradient(amount of slope) of the graph
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* For motions in a straight line, the speed-time (or velocity-time) graph shows
an object’s acceleration.
= The following figure shows different kinds of motion
o When at rest or moving at constant speed, the graph is a horizontal
straight line: both have zero acceleration.
o When moving at uniform speed, the graph is an upward or a downward
sloping straight line:
o Uniform acceleration (or deceleration)
o When moving at non-uniform (increasing or decreasing) speed, the
graph is an upward or a downward sloping curve.
o When moving at non-uniform speed, the graph is an upward or a
downward sloping curve.

0 At rest ® Constant speed: zero acceleration
(zero gradient) (zero gradient)
A
- T c . B R e—— .
D ¢ i e ome gt il
= = : constant ;
time is counting ;, LR
time time
® Uniform acceleration ® Non-uniform acceleration
(or dacceleraﬁun} (or decceleration)
(constant gradient) (increasing rate: increasing gradient)

(decreasing rate: decreasing gradient)

x [ ;
increasing time
rate

= |n the exam, candidates should be able to describe the different kinds of
motion of an object by reading distance-time or speed-time graph.
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Example

A body moving from rest acquires a velocity of 20ms™ in 4s. It moves with this
velocity for 6 seconds and again accelerates to 30m/s in 5s. It travels for 3s at this
velocity and then comes to rest with uniform retardation in 10s. Draw a velocity-
time graph and use it to calculate (a) the acceleration while the velocity changes
from 0 to 20 m/s (b) the acceleration while it changes from 20 to 30m/s (c) the
retardation (d) the total distance covered (e) the average speed of the whole
motion.

Solution

The velocity-time graph is shown below.

W (my's}
el i o
Wjrdw = =
]
0=+ : B
A I
I
-t i
2.4 6 8
¥ 20-0
(@) a=— = = 5m/s’
1 4
an-20 )
b) a= P = Im/s’
0-30
(¢} a= =_Im/s
10

(d) The total area may be obtained by adding the areas of sections A, B, C, D, E and F
which are triangles and rectangles, or the shaded areas which are trapezia, Using the
latter, we get total distance = First shaded area + Second one + Third one

I 1 : )
= Z2(10+6)x20+2(30+20)x5+2(13+3)x30

=160 m+ 125 m + 240 m = 525m.

Total distance covered 525
2

(e) Average speed = = 285 =1875m/s
Total time taken

fr=]
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more examples...

Q] The speed of a body during 20 s of motion is represented by the speed-time graph shown
a0 -

0 5 10 15 20
tima /s
Which distance does the body travel during this motion?
A 200 m C 30 m
B 20 m D 400 m
[Ans] € Distance travelled = area under the speed - time graph

= L4 (10 + 20720
=300 m

[Q]mgmphshuwsmeﬁpeedufamrnmtmmfmmmtHﬂmtm&leavmgespeed
of the car during the first 3 s?

12
speed
ms g

0 1 2 3 - 4
timess

A 4m/s C 18 m/s
B &6 m/s D 36 m/s

total distance ~ 4(12x 3)
time = 3

[Ans] B Average speed = =6 m/s
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30 30 ] an
b | wn 20 0
10 - —_— 10 i
] - i) — 0 — 0 .
1] 5 10 o 5 n [+ 5 b 1] 0 - | 10
time in & e in & e i & Tt in 3

Ans] € The skier is accelerating uniformly al a decreasing rate on soft snow.
By applying equation: (20 - 0)/5 = 4 m/s* and (30 - 20)/5 = 2 m/&"
B is_out because the second parl is negative, Le. deceleration.

—— e ——

Accelaplion ol the skier iz the gradienl of the spead-lime graph. 'n'Iﬂit-pﬂ-'l
ol the graph should be steeper than the second part as e sccaleration on hard
snow (8 greater Then that on sSoft snow.

tﬂ]ﬂudhgmmdm:aspmd—ﬁugmph

Y
0 z tme
In which region is the acceleration decreasing?
A VoW C XwoY
B WiX D YwoI

Ans] B From W to X, the non-uniform acceleration is decreasing,

The gradient of the speed-lime graph is the acceleration. From VW to W, the ac-
celeration is increasing (increasing gradient). From W to X, the acceleration s
decreasing {decreasing gradient). From X 1o ¥, the acceleration is zeno (zero gradient].
From Y to Z, the deceleration is uniform (constant gradient).
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The force of gravity pulls down all objects.

A free falling object experiences gravity as the only force acting on it.

All free falling objects, regardless of shape, size or mass will accelerate at the
same constant rate downwards.

When released from the same height, they will reach the ground at the same
time.

1
Applying the equation s = ut + Eat2 , the distance ‘x’ fallen by the body

1
in time ‘t’" is given by x = ut + Egt2 , Where ‘g’ is the acceleration due

to gravity.

Since, u = 0 for free fall,
1
Then, x = Egt2

2x

Hence, g = )

For convenience in calculations, a value of g = 10 m/s? is usually used for
objects on Earth.
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[Q Two similar cricket balls are released from a 20 m tower at the same time. One falls from
the top, the other from half way up, as shown.

L

tower
T— 0m
10m
4
Which quantity is the same for both balls?
A acreleration € increase in velocity
B final speed D time of travel

[Ans] A Both balls are free falling body. The acceleration for both of them is the acceleration

due to gravity, 10 ms.

V'S
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[Q] When someone on Earth drops a rock, it accelerates at about 10 m/s'. When a rock is

dropped on the Moon, the rock accelerates at about 1.6 m/s*. Which diagram shows the
speed-lime graphs for rocks dropped on the Earth and on the Moon?

e

speed

Moon

Time

Time
[ Ans]

Time

D The gradient of the speed-time graph is the acceleration of the rock. Since the
acceleration of the rock on Earth is greater, the speed-time graph of the rock on Earth
is steeper compared to that on Moon.

Equations of Motion under Gravity

V=U-8E oo (1)
H=ut- Egt2 (for upward motion)-----------=--------- (2)
H= %gt2 (for downward motion)----------------- (3)
u? =-2gh (for upward motion)---------------------
vZ =2gh

(for downward motion)
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Example
A body is thrown vertically upwards with an initial velocity of 20 m/s. Given that
the gravitational pull g = 10 m/s?, find:
(i) the time the body takes to reach the maximum height;

(i) the maximum height. H reached above the starting point;
(iii) the total time of flight,

Solutien

(i) For motion upwards u=20 m/s, v=0 m/s and g = 10 m/s?
Using the equation, v =u-gt
0 =20-10t
10t =20
t =2 seconds

(if) Using the equation, H = ut — ;_ gt

¢20x2—%—x50x2x2

=40-20
maximum height = 20 m

(iii) The total time of flight = time taken from starting point to maximum height
+ time taken from the maximum height to the starting point.

From (i) above time for upward motion = 2 seconds

Using the equation H = % gt?, time for downward motion will be,

H = — gt*, H=20 m from (ii) above

X
2
1

Zﬂﬁ_f-xlt}:ﬂz
20 = 5¢

=4

t=2 . t=2seconds

total time of flight = 2 + 2 = 4 seconds
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Effect of Air Resistance
= There is always air resistance acting on the moving object in a direction
opposite the direction of motion.
= Air resistance is a frictional force which:
o Increases as the size of the surface area of the object increases.(directly
proportional)
o Increases as the speed of the object increases.(directly proportional)
o Increases with the density of air.

Terminal Velocity

= Air resistance increases with the uniform increasing speed of the free-
falling object.

= At first, the amount of air resistance is less than the weight of the free-
falling object.

= The speed of the falling object gets higher and higher. Therefore, air
resistance also get higher and higher.

= The weight of the object is constant. Therefore the resultant force keeps
decreasing and decreasing.

= Eventually, the resultant force reaches zero, i.e acceleration of the object
drops to zero.

= The object falls with a constant speed called terminal velocity.

= Terminal velocity is therefore defined as the maximum downward velocity
possible for a particular object falling through a fluid.
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vimst 8 due to air resistance
accelerating at maximum
decreasing rate constant velocity
terminal velocity | ~-—nmmwee oo}
"
i
;
i
F
0 - t/s
"
s N
‘_ . "
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PRACTICAL 4 —THE MOTION OF A BODY
FALLING IN A FLUID

N
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Aim: To investigate the motion of a body falling in a fluid.

Apparatus

*  Burette » glycerine

* 3 steel balls * complete stand
*  clamp funnel

Procedure:
Clamp the burette vertically. Carefully fill the burette with glycerine using a
funnel (NB: ensure the tap is closed before putting glycerine).
Carefully drop one steel ball from just above the liquid surface. (NB: ensure
the ball does not slide along the walls of the burette.)
Observe the movement of the ball through the glycerine.
Repeat this experiment two more times using the other remaining steel balls.

Observation
Initially the speed of the ball increases and eventually becomes constant,

l}lunm

When an object is falling in air or any other fluid, three forces act on it. These
forces are: weight of the body (W), upthrust r’ U/} and viscous drag (fluid friction

F) as shown in Fig. 6.36.
) ig. - F

r

vyW
Fig. 6.36

The viscous drag increases with increase in speed of the falling body.
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Initially, W > (U +F ) hence the body accelerates downwards. As viscous drag

(F) increases, it reaches a point where U +F =W

There being no resultant force, the body moves at uniform (constant) velocity.
This constant velocity is called terminal velocity (V. ). Terminal velocityis therefore
defined as ihe maximum downward velocity possible for a particular object falling
through a fluid,

CHALLENGING QUESTIONS WITH ANSWERS -3

1. The figure below shaws a trolley being pulled along a horizontal bench by means of the lension
T iy the thread fastened o the front of the trolley. The other end of the thread is altached to a mass-

hanges.

fralley
Fartsonal e IE‘— mw-‘lﬂ

mass-hanhger

A group o) students Himes the motion of the rolley after IF has been given a small initial push
They obtain the following data.

| T
distance frivelled fm .04 fm Lao —| 180
G /5 2.1 L db 64
i#] Describe, in a few words, lhe motion of the trolley. Justify your answer. {3
{b) Determine the average speed of the tolley. [2]

{c) The mass of the trolley Is 1.4 kg and thal of the mass-hanger is 15 g. The gravitational faree on
4 mass of 1.0 kg 15 10 N. Mame and determine the magnitude of each of the four external lorces
acting on the trolley after it has been given the initial push. You may give your answers in T’-ﬂ
order.

2 The figure below shows the variation of speed u with time t of a ball thrown vertically upwards
into the air, Only the first 0.4 & of the graph has been plotted. In this question, alr resistance can

be neglected,

0

e

O u
L
A N
a
D 02 04 OR 0B 1D 12
]
{a) State what is meant by the speed of the ball. [1]
(b} Complete the figure to show the variation of the speed u with lime 1| between t = 0d s lll'u:
f=12n 2

{e) State the value of the time when the ball is at its highesi point above the ground. (1
{d) Determing thie vertical distance covered by the ball in the first 04 4 of s mation 131
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A
]

]

& 8 1m 12 14 16 18
time s

‘The figure shove shows how the speed ol the parachutist varies with Hme.
(4] Describe the modon of the parachulist between A and D,

(b) State the value ol the terminal velocity before and alter the parachute opens.
(e} Caleulate the average value of the acceleration between B and C,

4. The figure below shows how the speed ol a cyelist varies during a journiy.
I a8 I ;:
mis o Htr, B

{a] Describe the motion of the cyclist between points B and C.
(b) State which parts of the graph show the cyelist maving with constant speed,
(¢) Caleulate the distance travelled by the cyclist in the first 250 5 of the journey
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5 The fgure shows spparatus that demanstrates how 4 colin and a piece of paper fall from rest under
graviky.

{a) State the initial value of the acceleration of the cain as it falls from rest []
{h) The coim and paper are at the positions shown in the figure. Explain, in terms of the forces acting,
why

{{) the paper falls with constant speed, il
(i} the coin stll accelerates, N

{e) A vacuum pump i connected to A and the air in ihe tube s removisd, Thie coln and paper fall
differently in a vacutim from the way they fall in air. State two of these differences. (1]

SOLUTIONS:

A (b The trolley has.a unlfaim spesd and no scoelesation. [ expetimentsl ersors are fken into scconne,
fhe distance. travelled per unil time romains almost constant,

(b} Average speed ——-—H.Elm,"w

(¢} Tension in string v.]_%s 0N = 018N

Frictional force om olley = 005N
Waight of the frlley = T4 < 10N « 148
Mormal Reaction on trslley = 140
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(@) disafce coverad. = ares finder the speed - time graph = 1 (64 2(04)= 16 m
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3. (a) The speel . D feaded_ahd @ bdcings!
The ac chutist decreases from some fixed positive
(b) Before the parachute opens, terminal velocity = 50m/s
After the parachule opens, terminal velocity = 5 m/s

() o=
=?'.:r—m
6-2
=475 m /4

Tl When candidates gre asked to descride the mafion of an obfect, hey necn fo describe the
nhanges in speed ond soceleration of Uhe object, The marke aliocation will tell how many
points &re reguired In your Ensveer.

i£] From the spesdsime graph, i is noticed that the aceeterstion from B to C i3 net unifarm,
Hawever, when averigs value is calculaled, we sesuma that the accelerstlon iz constant, This
slen applies o aversge speed.

4. (a) The speed of the cyclist decreases uniformly. The deceleration of the cyelist is constant.
{b) AB and EF
(e} Disiance travelled = area under speed - time graph
= 20090 » 250)7)
=150 m

lal Duscribe 1he changes in speel and acceleration. The cinstant nagative gradwnt shows thet
it & 3 wanstant decaiesation.

bl Moving with constant spesd means no sccelaration. The grathent of tha speed lme grapn
s zero, This Wil result in harlzontsl fings in tha speec-time graph,

le) Candidatos showd read caratuly the readings when thay detaming tha sssn undsr the

speed-time graph, Do not make c fatakes when thay (ind the jangtha.

5 f(a) Wms?
{b) (i) The resultant force acting on the paper is gero as the weight is equal 1o the upward force
(air nesistance).
(ii}) There is a downward tesultant force acting on the coin as the weight is greater than the
air resistance.
{e) 1. Both the coin and paper accelerte throughout the fall.
3 Both the coln and paper fall at the same rate and reach the bottom of the tube logether.

| e initial air resistanice |a O M. Therefara the om i& 2 fra fabing Liody and ivs initial acceleration
fs Ihe sccaleralion dus o grawvity,

(B} Air resistance incrasses with the speed of 8 falling body, As the paper ls very light, the &l
rasatance will soocn equal the waight.

|z} Whon sir in the tuba i removad, thers is no air resistance. Both the coin and the papar
are free-falling objects and hance ocrelerate at 10ms ™
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= Aforceis a push or pull.
= Aforce is a vector quantity.
= The SI Unit is Newton (N), named after the famous Physicist Sir Isaac Newton.

Effects of Forces

= A force can change motion, i.e it can cause an object to start or stop moving,
increase or decrease speed and maintain or change direction.

= A force can distort or change the shape of an object. E.g a rubber band or a
spring when compressed by a force.

= Can make objects turn about a point or cause a rotation

Unbalanced Forces

If there are two or more forces acting on a body, there is a resultant force.
If the resultant force is zero we say that the forces are balanced.

If the resultant force is not zero, we say the forces are unbalanced.

- 4 N

5N

TN to the left, 4N + SN= 9N to the right
There is a resultant force. The unbalanced force Is 2N to the right.

RN

= A BODY WILL CONTINUE IN ITS STATE OF REST OR OF UNIFORM MOTION IN
A STRAIGHT LINE UNLESS AN EXTERNAL FORCE IS APPLIED TO IT.

= AN UNBALANCED FORCE ACTING ON A BODY PRODUCES AN ACCELERATION
IN THE DIRECTION OF THE FORCE. THIS ACCELERATION IS DIRECTLY
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PROPORTIONAL TO THE FORCE AND INVERSELY PROPORTIONAL TO THE
MASS OF THE BODY.
= This can be represented as follows:

Examples
[Q] A sledge of mass 25 kg is pulled across level ground with a horizontal force of 60 N. The
constant force of friction is 20 N.
What is the acceleration of the sledge?
A 063 m/s L Mmfn'
B 16 m/s : D 32m/s
[Ans] B By Newton's 2* Law F=ma
ol — 20=25(a)
a=16m/s®

[Q] A small submarine of mass 1000 kg sinks in water with a uniform speed of 2 m/s.
B e S
=g} 1000 kg E'.-}:—:{'
--—+—-—|-—_"_F ______ I _______ e A b S =
e s e e b
B Tt S TRty
------------------------ Y-
What s the resultant force exerted on the submarine as it sinks?
A 0N C 2000 N downwards
B 500 N downwards D 10000 N downwards
[Ans] A When an object is moving at constant speed, there is no acceleration. The resultant
force is 0 W when acceleration is zero,

eskulu.com H
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more examples...
1. Aforce of 350N acts on an object of mass 17.5 kg. What acceleration does it produce?

Solution
a =350N/17.5kg=20m/s’.

2. A motorcycle and its rider have a mass of 500 kg, When moving on a level road at
20 m/s the rider disengages the gears, switches the engine off and comes to rest after
50 m. Calculate the retardation and the average frictional force that stops the rolling
motorcycle.

Solution
vVi=u+ 2ax
0=20°+2a %50
a =- 400m = _4() mfsz
100s°

F=ma=500X4=200N

3. Abullet of mass Sg and travelling at 300 .m/s strikes a wall and lodges 1 cm inside the
wall. Calculate its retardation and the average force of resistance of the wall.

Solution -
Vi=uw + 2ax

0= 300"+ 2a X 0.01

a=-90000 " _ 4500000 m/s
0.02

F=ma=0.005 X 4500000 =22 500N
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PRACTICAL 5 — DEMONSTRATING INERTIA
WITH CARD AND COIN

Experiment 8.1: Card being pulled slowly and suddenly to demonstrate inertia

Apparatus

*  Acoin * A smooth cardboard
* A beaker

Procedure
*  Place a coin on a smooth cardboard and place it over a beaker. Pull the card
away slowly (Fig. 8.1 (a)). Observe what happens to the coin.
Repeat the experiment but this time pull the card away suddenly
(Fig. 8.1 (b)).
oin

—_—
Coin left behind
Beaker
! Coin drops to the
e bottom of the beaker

(a) Coin moves with the card (b) Caoin left behind

Fig. 8.1: Card with coin pulled (a) slowly (b) suddenly
Observation
When the card is pulled slowly the coin moves together with the card. However,

when the card is pulled suddenly, the coin is left behind and drops vertically down
into the beaker.

Discussion

When the card is pulled slowly, the frictional force between the card and the coin
makes the two to move together. However, when the card is moved suddenly the
coin resists motion and does not move with the card and hence drops vertically
downwards into the beaker. The coin resists changing its state of rest but due to
lack of support from below falls into the beaker.
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MASS AND INERTIA

= A body with larger mass has greater inertia. Therefore, a lighter object is easier
to start or stop moving. A heavier object is harder to stop or start moving.
= Mass can be defined as the measure of inertia.

PRACTICAL 6 — RELATIONSHIP BETWEEN
ACCELERATION AND FORCE.

Experiment 8.5: To investigate the relationship between the acceleration of
a body and the foree applied on it

Apparatus

* Atrolley * Elastic cord

*  Ticker timer * A runway

frﬁnedure -3
Raise a runaway slightly to compensate for friction. Attach one end of elastic

cord to the rod at the back of the trolley.
Stretch the cord until the length is about twice the original length while holding

the trolley in position. Release the trolley so that the cord exerts force F, on it.
Keeping the length of the cord constant, repeat the experiment by stretching
the cord thrice the original length and four times the original length. Release
the trolley so that the cord exert forces 3 F and 4 F in Fig. 8.6. Observe and
record the result.

Fig. 8.6: Relationship between force and acceleration. .
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Observation
The tape obtained in each case appear as shown in Fig. 8.7 (a), (b) and (c).

(ﬁ} -k :"'{

(b)

()

X

-.--r-j:—— - -—I--— -

Fig. 87

From Fig. 8,7, we observe that the acceleration of tape in (a) is less than those in
other tapes. Acceleration increases from tape in (a) to tape in (c).

The acceleration of tapes in (a), (b) and (c) in Fig. 8.7 and their corresponding
values of forces exerted by the cords are tabulated as in Table 8.1.

Table 8.1
Force (F) exerted in Newton F 2F IF
Acceleration a, of the trolley in m/s*

Plot a graph of acceleration a, (m/s?) against force, F (N).
Discussion

If stretching the elastic cord ones produces a force F, stretching it twice, thrice and
four times produce foree equal 2F, 3/ and 4F respectively. A graph of acceleration
against the force F (is shown in Fig. 8.8).

d
g i -

Fig, 8.8: Graph of acceleration, a, againsi force, F

The graph is a straight line passing through the origin. This shows that, the
acceleration, a is directly proportional to the applied force, /' i.e.
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NEWTON'’S THIRD LAW OF MOTION

e FOR EVERY ACTING FORCE THERE EXISTS A REACTING FORCE THAT IS
EQUAL IN MAGNITUDE BUT OPPOSITE IN DIRECTION.
e W =WEIGHT ; R=NORMAL REACTION FORCE:

.

= When an object hangs by a string, the weight of the object is opposed by an
equal force called tension in the string

Wiy, VESSeios e

) T

= TENSION =T; WEIGHT =W
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FRICTION

= Friction force always opposes the motion of an object.

= There is no surface that is completely smooth and this is why friction exists.

= Lubrication reduces friction.

= For example, a man uses a string to pull a box. Tension causes the box to
move. There is friction between the box and the rough road and its direction is
opposite to the direction of motion.

direction of motion
—_—

b W%

(s

= frivdonal force on the box (to the teft)
(because direction of motion s o the right)
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CHALLENGING QUESTIONS WITH ANSWERS -4

1 The figure belowe shews.an arrangement for demonstrating the relabionship between foros and ac
caleration.

rriilloy of constant barge mass
To—or—

() Dreaw a ciagram f the tralley and, on your disgsam, deaw scrows to represent all the exlermal
fopces acting om the frolley when [t Is accelerating alimg the bench. Label sach fome. (%

b} In dinve pactic lar expertment, the mass of the tralley was kept consant. The time t for the tolley
o mive 7 distance ol 10D m from rest was delerrnied lor various values of the pulling foree

E The acceleralion o was then calalaterd weing the equation s = W at, where & = 1.00 m, The
inflowing values wene abemired.

E/N .40 089120160200

ad i) 008 | 022 | 043 [0.57 |u7d

[0 Blol a graph ol F/M {y-ais) againse 20(m /s (-axis); stagt your axes at the pomb
FIN w0, a/im/st = 0 Dt the best stmaght dine thrnigh rmrpm'ms. b

i} Dretermiine the gradient of your graph
lilg) Lisir your graph w0 determine the value of B when the nccsleration 2 0
fiv) Lise your answer to (7)o explain why & pulling force 15 nesded K give mmfﬁ
m i
(@ St xpen el e et o he e i e s of e el s o e
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s o
s/ m 0 1 [ 17 a7 o7

State, giving your reasons,

(i) whether the speed of the aircraft is increasing, decreasing or remaining constant,

{ii} whether the acceleration of the aircraft is increasing, decreasing or remaining constant.
4]

(k) A parachutist falls from an aircraft which s flying horizontally. The parachute opens some time
after the start of the fall.

(i} State why the initial vertical acceleration of the parachutist is approximately 10 m /s

(it} State and explain what happens to the vertical speed of the parachutist after the parachule
opens. [4]

3. A hovercrail moves on 4 cushion of air which is trapped underneath 4, ns shown in the figure below.
The trapped air reduces friction.

{a) The hovercraftstarts From restand, ac it starts, the propeller produces a farward farce Tof 22 000 N,
The mass of (he hovercraft 15 25 000 kg

Caleulate the initial acceleration of the hovercralt. You may assume thore is no fridion,  [3]

(b) Some fime later, the hovercralt reaches a stendy speed, even though the force F Is
Suggest, in krms of the forces actng on the | . why the speed fs now canstant, [2]

e} -Mmhmmumdmgu:m_ngwm@hm T 15 swritched mbo reverse and
r}ﬂmmﬁ gradually slows down. Figure shown below is a graph of the varation of speed
with time: i

o

State how Lhe geaph shows that the acceleration 15 not constant.

4. The fipure below shows a car moving alang a hortzontal road

The cir has mass 800 k. AL one point in its motlon, when the combined forces of air reststange
and friction acting bBackwasds are ED?'H, ite acceleration ls 1.4 m/s?,

{a) Caleulate the lorwand driving force required to aceelerate the cax [3]
(b) With the engine workayg at constant full power, the car's acceleration decreases as il goes faster,
Explamn why 1his is so. 121
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I

is8 0

¢a0 020
{iii} When the accelerabion 35 O F 15 0.23 M.

b FTH

b m R

- 240 kg

(1) gradient

fiv) A pulling force equal to the frictional force i needed to give a zero resultant force  This

gives rise fo zero acceleration .
{¢) The gradient is doubled because it represents the mass of the Irolley.
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(#) (1) The speatl/§f fya Akgraft id i Wisebpcnbel ibetdistaric thav@ligd every one second
is increasing,
(i} The acceleration of the gircraft is increasing. The change of speed every one second is in-
creasing.
(by (i) Initially, there is no air resistance acting on the parachutist in the vertical direction.

(if) The speed increases until it reaches a constant maximum value. Al first, the air resistance
is less than the weight of the parachutist. There is a downward resultant force and so the
parachutist accelerates. As the speed increases, the air resistance increases until it is equal
to the weight of the parachutist. The resultant force becomes zero and the acceleration of
the parachutist is 0 m/s",

3 (zf By MNewion's 2™ Law,
a=F/m = 200/25000 = 088 mis*
{b) The kerward force F is now equal to the frictional foroe acting on the hoveromft. The: resaliant
force is zero ind e caft has no scceleraiiion

{c) The gradient of the speed-tme graph & not 3 constant.

il & dbgecy ATt Hoee resl. e s Tpeed i 2orn. Thers w 6o Bicties
Candutates Should Tass note thet the Incimesl by morsases el mmesd.

Semfert of speed tAMe gRAR FEIVRAETT (te acrelsnden AodETAten BT onfy sl
the gadiant of e spest-tem gEaph & corstend SFrmgit e

{a) Let E; be the forward driving force
By Mewion's ™ Liw
F=ma
E,—+00 =500~ L4
F, =150 N
(b} As the car goes faster, the air resistance incresses. When the engine is working ai (onsant full

power, the driving force 1= constant. This results in a decreasing resultant force acfing on the
car, Hepoe the or's acrelemtion decrems=s.

ini Whnen = chiect & mowng Rercordaly, 5 ESght o not allect vs swtes hacouss T B
& wartical baree For Mawton's 2% Low, m=ss m s used I oot (e aeeght W llary condeizaes
ond 1o oss e wasght W= w8 10 Mg semad of

i Erors a7 consiamt bl povesr mEsE 3 constant dreing farce. Agem, fhe o rSsslance Boting
o= 4r object incrosses win spead of the obyect @ esiEd B aiplaing why e ACCEETRLDA
ol sn pbeect & Cheoped doing €3 Woten. Ir = 8N mpartant powt @ Dynamecs.

Seale 1 om represents 5 N

aciing on the
Eipek B rI8rm
When = wecior
i@gram o drawn,
the thiee lores
linen & priangks
This hasgpoens
spring balance wibar: there & A8
4N whekences lorce

f For
The mwsion in the string is 50 N, e o

The angle ol the stnng to the vertieal 553 the obyect
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FORCE AND ELASTICITY

PRACTICAL 7 — RELATIONSHIP BETWEEN THE
EXTENSION PRODUCED IN A SPRING AND THE
FORCE APPLIED

< a
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rnLuu.an.Lh.éw

Lo L]
|IIIIJ!III1III!IILL|

pointer

Fig. 9.1: Stretching a spring.
Load the spring with a 50 g mass and record the new pointer reading. Unload
the spring and observe what happens to the pointer.

Repeat the experiment with 100 g, 150 g, 200 g, 250 g, 300 g, 350 g masses
and record the readings on a table (Table 9.1).

The initial pointer reading x = cm
Table 9.1

Final reading

Mass (g) | Force (N) -

50
100

150
200
250
300
350

»  Draw a graph of applied force against extension produced.
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Sitaa. :

EENE RN i

Fig. 9.2: Force-extension graph for a spring.

A graph of extension against force gives a straight line graph passing through the
It can be seen from the graph that the extension produced is directly proportional
to the force applied. Each time the spring is unloaded the pointer returns to its

original position.,

= Hooke’s Law states that; provided the elastic limit is not exceeded, the
extension of a spring is directly proportional to the load applied on the
spring
= Where “k” is the constant of proportionality called the spring constant;
_ Force
~ Extension

F
k=—
e

= The Sl unit of Kis N/m
* The gradient of the graph = spring constant
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Extension {mﬂ
-

T T T T TT

:I|r||||l|11||1._ -
l:'_.'! E 5 Load (N}

* The spring undergoes elastic deformation and obeys hookes law

from O to E. Beyond E, it undergoes plastic deformation hence
it does not obey hookes law

(X
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FORCE AND CIRCULAR MOTION

CIRCULAR MOTION

= The motion of an object at constant speed along a circular path is uniform
circular motion.

Durection the ball would [wllow
if the string got ¢

Centripetal Acceleration

—— Directlion of rotation

= The ball above is whirled at a constant speed.

= |ts direction changes continuously.

= Therefore, its velocity changes in direction but the magnitude remains the
same.

= This results in centripetal acceleration towards the centre of the circle.

Centripetal acceleration is given by:

a. = T
Where ‘v’ Is the linear speed and ‘r’ the radius of the circle.
= As the ball is whirled around, a force is being exerted on the ball through
the string towards the centre. This force is called centripetal force.

muv?

F =ma =
r

thus the formula of centripetal force;
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= F = centripetal force; r = radius; m = mass; v = linear speed.
* The ball exerts an equal and opposite force on the string away from the
centre. This force is called centrifugal force.

PRACTICAL 8 — RELATIONSHIP BETWEEN
FORCE AND THE SPEED OF REVOLUTION

Apparatus

*  Acglass or 1.5 m long string = A Paper clip
*  Acrocodile clip * A mass

Frocedure

*  Obtain a glass or plastic tube of length 15 ¢cm and diameter about 1 cm, (e.g.
casing of a biro pen). Tie a body of mass m to the end of a thick string of
length 1.5 m. Pass the free end of the string down through the tube and attach
a hanger of known mass m.

Attach a long paper clip or a crocodile clip to the vertical portion of the string
which can act as an indicator to keep the radius of the circular path constant
and to check that the motion is steady. (Fig. 11.4)

Precaution: Make sure that mass m is tied securely to the string and the area
around you is clear of other students and other things.

Adjust the position of the paper clip so that the radius of the circular path is 1
m, i.e. the length of the horizontal portion of the string is 1 m., Grip the tube
with one hand and swing the hand above the head, so that mass m moves in
a horizontal circle of radius 1 m. (Fig. 11.4)
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Fig. 11.4: A mass moving in a horizontal circle

1 ANSWERS

Mote the number of revolutions made by the mass m in a certain time. Calculate
the frequency of revolutions /, i.¢. the number of revolutions made by mass
m in 1 second. Determine the periodic time T ( = 1/f), Calculate the linear
speed (v) of revolution of the mass m from the equation, v=2m/T.

Keeping the mass m constant and the radius of the circular path as 1 m,
add slotted masses M to the hanger and rotate the tube faster each time.
Determine the frequency of revolution and the speed, v of mass m. Record

your observations in a table (Table 11.1.)
Table 11.1

Mass of the hanger | Number of Wit
and the slotted | revolutions made Faucncy ()

Speed v
masses (M) (kg) | in time () _ |/~ 7 (H2) j

(r=1m)

revolution v of the mass (m).

S USRI

The tension developed in the string due to the force of gravity on the hanger and
the slotted masses (Mg) provides the horizontal force (F) needed to keep mass m
in a circular path.

Conclusion

It is seen that when the frequency is doubled (time period is halved) the speed
of revolution (v) of mass m is doubled and the force F needed to maintain the
same radius as before is 4 times more. Similarly the force needed is 9 times more,
when the speed is trebled. As the weight of the hanging masses (Mg) provides the
required force /' for circular motion, it can be concluded that the force F roguired
to keep the body in a ¢ f"t'ih’tl'l",f'r.h’}? of cometant radiny i3 divecth _.".‘n'r:'li‘l'f_r!'.f.lﬂ:'l.:.lf I
e 5 e of i e t-‘r.l"l.l,f revolttion, HB]'IDE

Fav

Deduce the relationship between masses M in the hanger and the speed of
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Examples
Example .

Aﬁkgmmmumﬂmﬁuuspmdnflﬂmfsmacmpumufrudmsﬂ&m;
Ca]nulahethecmmPﬂtalﬁmeamngmﬁHmm :

g
Centripetal force, F’ =mﬁ

A car of mass 1 200 kg has to make a cireular tumn of radius 30 m. If it is moving
with a uniform speed of 10 m/s, calculate the centripetal force acting on the car.

Solution
Centripetal force, F =m ¥
L _1200% 10
4 30
~4000N
APPLICATIONS OF UNIFORM CIRCULAR
MOTION

A Car Going Round a Curve

The maximum safe speed for the motorist not to skid off the road is given by the
following formula;

r

More Applications

-Centrifuge
-Conical Pendulum
-An aircraft taking turn
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TURNING EFFECT OF FORCES

MOMENT OF A FORCE

The turning effect of a force about a pivot is called moment or torque.
= We can measure moment of a force if we know:
1. The magnitude of the force applied.

2. The perpendicular distance between the line of action of the force and

the pivot

= The moment of a force about a pivot is the product of the force and the
perpendicular distance of its line of action from the pivot.

= Hence;

» Momentof a force=F Xd

where:

F:force(N); d:perpendicular distance from pivot

S| Unit of Moment of Force

= Newton Metre (Nm).
= Moment of force is a vector quantity.

PRINCIPLE OF MOMENTS

= |t states that, when a body is in equilibrium under the action of forces, the

sum of clockwise moments

about any point is equal to _sem _
the sum of anticlockwise -

moments about the same
point.

(3 The dingram shinws a light rod with o wrighis hanging from o

Bl

| weight positinn

& Tan 7 tm bis i Jeid ol e pliod
B (1N Jm o the right of the pivol
o 1 i fo b hasfr ooff Bl privid

I B [I% 1 ot ehe right af the preat

rlockew e mument = 1w l.3< 1.5 Nm

|ans] 0 Bebore the additionud weight is sdded,
aAlielockwise marmemt =55 % 0e =313 Nm

(]

A third weight is o be added 1o tring fhe sysiem mio equilferiim so Rab the tod is balanoed.
Whai wuﬁ]‘hl in Tl:qui.r\:d. arvd where shiould Il be P'r‘lﬂ"d’

For the Jighd rod e be in equil&nim, we nesd o ciodew e momenl al L0 Nm tom
th- additional weight. 1§ should ba placed wn eighl hemml side of the pivat
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e 13m

o

.
plyet
BEN 1

A thied welght i= i be added 1o bring the system into equilfbrium so that the rod iz balanced.
What wiight & required and whene shoold it be %

_f._ 1N 2 e 10 thet Tedt of the pival
B [IN 3 m b e ight of the pivot
C 2N T to the beft of the plvon
O [2N 1 vy W gt of the pivet

lAns| D Before the additional weight is added,
anticlackwise moment = 5.5 % 06= 33 Nm
dlockwise moment =1 # 1.3 = 13Nm

For the light rod 1o be m equilibriom, we need a dockwise moment of 240 Nm om
the additional weight [t ghould be pliced an dight hand side of the plval

PRACTICAL 9 — FIND MASS USING THE
PRINCIPLE OF MOMENTS.
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*  Ametre rule
* A known mass

Procedure

+  Suspend a uniform metre rule at its mid point G. Suspend the object of mass
m, using a string, from a point A. Suspend a known mass M on the other side
of the metre rule and adjust the position of the mass M till the metre rule is
horizontal as shown in Fig. 12.12. '

»  Record the distances GA and GB. Repeat the experiment by changing the
position of the object or the mass M. Enter the readings of M, GA and GB in
a tabular form as shown in Table 12.2. i

Mean m

«  Calculate the mean value for the mass of the object from the last column.

Discussion
Taking moments about G,
(mg) x GA = (Mg) = GB,
mx GA = M x GB, (g cancels out)
_M=GB
G S
GA
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CHALLENGING QUESTIONS -5

L. The diagram shows the essential features of a trolley used for lifting and transporting heavy buckets
in a factory. The force to lift a bucket is derived from the downward lorce the operator exerts at
the handle H al the end of the lifting bar. The centre of gravity of the lifting bar is at P,

1.5m D3m

—-
w

H] z

|

Fs
E Iiﬁing bar

pivot P I

®) T iwmfﬂ“

(a) By taking moments, calculate the force F necessary to hold steady, in the position showr, a bucket
and contents of total mass 60 kg. (Take the weight of 1kg to be 10N.) [3]

(b) Calculate the work dore in lifting the mass of 60 kg through a vertical height of 0.12m, [2]
() Calculate the power needed to complete this lifting operation in 4.0 s. [21

Suggest a reason why the power actually developed by the operator during the 4.0 5 must be
greater than your calculated value. [1]

(d) ﬁﬂhfgﬂgflna reason in each case, why ﬁi&ﬂgvme is designed so that the bar PH is 1.5m lang
rat

(i) 0.3 m, \
(ii) about 50 m, 12]
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(a) Explain what ¥

ISWERS

3]
(b) The figure below shows an electrically operated railway-crossing barrier. The barrier is pivoted
at P and, in order to make it easier to raise the arm of the barrier, the weight of the arm is
balanced by the counter-weight M.

The weight of the arm is 200 N and its centre of mass is 240 m from P. The centre of mass of M
i5 040 m from P. Calculate W, the weight of M, assuming that it fust balances the weight of the
arm. Show clearly how you arrived at vour answer,

3 Fig.3lb C g Hgid pir point M on a baul horizomnla e,
Oine end of the pole L& pushed upwards alightly by means of a vertical fores F, as ahown in Flg.
a2,

The cross, labelled ©, shows the position of \he centre of mass of the pole in each dlagram.

wire M wire M
m rﬁ

Fg. 3.1 Fig. 2.2
(a) (i) On Fig. 3.1, draw an arrow (o show the direction of welght of the pole with the arcow starting
the point ot which the welght acis.
{if) Inn Fig. 3.2, the pole s balaneed by force F oand two more forees, On Flg, 32 draw armows
o show the positions and directions of these two lofees. 131

(B} Force F is now laken away, State and explain what will happen to the pole as soon as lorce
F is taken away [2]

4 The diagram shows a eross-section through the centre of a triangular prism, G shows the position
of the centre uf mass of the prism.

F

R’

The prism |& laid on one of iis rectangular faces on o horizontal table. On which uide, PQ or QK

or RP. should the prism be placed for maximum stability” State your reasuns lor your nnuwurE I
2

eskulu.com



eVl AARA e e e e

5. {a) Fig. 5.1 shows the same vertical force of 200 N exerted by a cyclist on the pedal of a bicycle
in three different positions A, B and C.

200N
200N 200N pivot
pivot
pivot
A

Fig. 8.1
State the position, A, B or C, in which the force exerts the largest moment about the pivot,
Give a reason for your answer. [2]

{b) Fig. 52 shows a support for a leg in plaster and Fig. 5.3 shows a simplified diagram of the forees
acting on the leg,

gantre of
nmgmpml? ::fﬁ;“ centre of gravily

hip joint

Fig, 6.2
Caleulate the force F needed to keep the leg in o horizontal position.

SOLUTIONS

g moement ok

anibielsekwise moment = elockw s moment
FalhebDsllsna
Fe=i20M
W} Poree el b0 001 the mans = Waighi e B0« 10 « G004

Wk done = oree = distarce
w ) w AL12
aTl]

fel Powwer = work done £ i
=Td /4
=i W
P s ol By e dporaioe muist e gooater than the ealoalsted vahie baciuse thrs is soise
ey lost due o frictlon in the misline
() () 0 PR Ls 0.0, Ahe foeos pequired o (E e mans (s equal o the welght. The o0 kg moss
may nol be lited bocnuse a groator fons (s needed.
(05 OF VP i 30 m, bt ot b aden i 0L Al wislight am o wiviller Torce in ceguiimed. | Lowiyie
e ghrvion will b toa bulky,

2, (al Moment of a force is the turning effect produced by the force about a given point. It is determined
by the praduct of the force and the perpendicular distance between the point and the line ol
action of the force.

The wnit for moment is BN
(b} Taking moment about pivot P,
anticlockwise moment = clockwize moment

Wald=200=24
W=1200N
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(b} The pole will start to rotale - clockwise diraction because thers 1s & net cockwise tomeni
prodoced by the remaining W foeces 3

4. The prisen should be placed on side PQ for maximum stability,
Reasons: (1) The centre of mass of the prism is the lowest from the Lable.
(2) The base contacl area is the largest.

Cardntares should sealfsa-thal the sralilily increases with & lowes cetilie 07 mass and a farge
bisg dred.

5. la) Position .

_ of action of the force from the pivot is the greatest
() When the leg is kept in  horizontal position, it is in equilibrium.
Taking moment about the hip joint (piv 'f

Fx {3!! -r-.?-&}-!]ﬂxsl
E=51N

la] Moment = force x perpendicuter distance
Poeition © Has the greatest momenl w5 the perpendiculiy distance s the longest.
Position & nas sero morent 45 the peroandicular distance o zéra. .
Poaizlon B hee o mement produced Lul (e85 tham het in positkan ©,

¥ The leg s nat turning 5o the prnciss of mement can be applled.

canuiu.LuIn “
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ENERGY, WORK AND POWER

WORK

Work is said to be done on a body whenever a force produces a displacement
on the body. This displacement must be in the direction of the applied force.

Therefore,
Work Done = Force x Distance
W=Fxd

= Sl Unitis joule ()

= J1Joule=1Nm

= Nm can be used for both work and moment of force.
= Joule cannot be used for moment of force.

Work Done by Frictional Force

= When a force is applied on a body resting on a surface, frictional force is
developed, opposing the motion of the body.
= Hence, work has to be done to overcome friction.

Useful Work Done = Work Done by the Applied Force - Work Done Against Friction
Useful Work Done = Fd - fd
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Example

[Q] The diagram shows a log beingg pulled up an sarth slope from X 1o ¥, Flow much work
18 e against friclion?

oo

A boo0 | B0 | © A0 | 0 soooo |
|Ana] € Work done wgain frietiom » fietion s dislanes moved
= 1000 = 40
» 50000 |
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more examples...

A force of 40 N is applied on a body. Thebad;rmuwuhmimuidimmnf
’fanhuhuthwmkdnnum&ubudy

Warl done = F = d
= 40 N =7 m = 280 J

Abox of mass 30 kg is pushed with  force of 130 N up an inclined track of length
14 m onto a platform (Fig, 13.4).

TITIITTTTITITT
. Platiorm
lnﬂ\"‘ﬂ

'_ ik E‘D" - ]
e Fig 13.4

Hﬁwﬁnﬂdsinclm al an angle of 20°, calculate the:

{.ﬁl‘ Wﬂfﬂlﬂj’m
i_'_'. 2 mkpﬂ@ﬂh?th! force of 130 N.
; ﬂ;ﬁkﬂg,afﬁahﬂxwasﬂﬂudmmmwmmﬁmm
 part (bland (c). :

44 frictonal force between the bor and the track 4

fﬁﬂuﬂnn
}i{g_-:;ajuzﬁﬂ-;% ..1;— (Fig. 13.4) (b} Work done by the force of 130N
h =sin20° x 14m W=Fxx
" ='43?9m. =(130 % 14) Nm
=1820J _
i o;'; Wm'kdmmltftmgthebm (d) Total work = work done by the
Yuﬂﬁ“ymwﬂg force + work done against friction.
.w“’-wﬂd}t of box % h work done against friction

- =30kg < 10 Nkg x4.79 m = 1820-1437-383)
=14371 383J=f xx=fx 14m

T Tl 3837
* The two are different, Some work T o =274N
= lh{ﬁnd to overcome friction {f is force uf fmunn}
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PRACTICAL 10 — WORK DONE IN STRETCHING
A SPRING

A spiral spring * Five-20 g masses
A metre rule

r "L".";'j ure

Measure the original length of a spring when no mass is hung frem the free
end (/). Hang a mass from the spring and measure the length, / , as shown in
Fig. 13.11. The difference between /, and /, gives the extension of the spring,
e.

Repeat the experiment with other masses and record the results in a table
(Table 13.1). Plot a graph of force (F) against extension, e.

e

|II'IIIﬂIII|IIiI:|III':| IIII[!JII|IIII.[IIII|

1

Table 13.1
Weight (N) |Extension (cm)

II|IIII|I'III[IH||II
L}

-]

Table
Fig. 13.11: Loaded spring

Discussion

The area under the graph (Fig. 13.12) represents the work done in stretching the
spring. This work done is stored in the spring as elastic potential energy.
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area under the graph

area under the graph

AB x OB

-

Fe D Extension e (m) B
Fig. 13.12: Graph of force against extension

Work done on a spring = % Fe = Energy stored in the spring.

By Hooke’s law, the force applied on a spring is F = ke, where k is the spring
constant. The energy stored in a spring can also be written as:

work done = —; (ke).e. Therefore

work done = % ke?.

ENERGY

= Energy is the capacity to do work.

= Energy can change from one form to another

= |t has no direction (scalar)

= S| Unitis Joule (j)

= Everything around us has energy in different forms

eskulu.com



WAAAA=E abkaimerHafe

Forms of Energy

COMMON EXAMPLE

Chemical Energy Fuels(oil, coal, petrol), electric cells,
food, explosives
Electrical Energy The energy associated with the current

in electric motors, heaters, electrical
appliances etc.

Mechanical Energy All objects in motion have Kinetic
1. Kinetic Energy Energy.
2. Potential Energy
i.  Gravitational Potential Raised bodies have Gravitational
Energy Potential Energy.

ii. Elastic Potential Energy
Compressed or Stretched material has
Elastic Potential Energy.
Nuclear Energy The energy released from nuclear
reactions like fission and fusion.

= All moving objects have kinetic energy.
= When an object is at rest, there is no kinetic energy.
= Kinetic energy depends on an objects mass and speed.
A running elephant has more kinetic energy than a running man.
* To measure kinetic energy, we apply the following equation;

K.E = %mv2 where K. E = Kinetic Energy; m = Mass; v = Speed
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Example

A body ol mass 12 kg is pulled from rest with a constant force of 25 N, The force
is applied for 6.0 5. Calculate  the distance travelled,  work done on the body,
the final kinetic epergy and the final velocity of the body,

=14 %m‘“ but »=0. Therefore s= 11 aif?
FromF=ma ; a = 22 =2.1 m/&
12
g= % «21%6 =378m
Work done = F = d Kinetic encrgy= work done
=75 x37.8 = 045]
. =0945]
| Gy
— vt = 945
x
) 945 = 2
12
=126 m's

GRAVITATIONAL POTENTIAL ENERGY

= The energy of position is called potential energy.

= When an object is lifted to a higher position, it gains gravitational potential
energy.

= This is stored energy which can be converted to kinetic energy when the object
falls down.

= e.g Water stored behind a dam.

= Potential Energy depends on an object’s mass and height.

= To measure potential energy, apply the following equation:

P.E = mgh

where P.E = potential energy (j); m = mass (kg); g = gravity (Kig) and h = Height (m)
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Example

[Q] A pendulum bob of mass m, attached to a light string, is released from rest at a heighi
h above its lowest point. The speed of the bob at its lowest point is u.

What will be the kinetic energy of the '
bob when it reaches a height i on the :
other side?

A zero € 4o

B mgh D mu!

[Ans] A At the highest point, the bob 5 momentarily at rest ‘and so the kinetic energy
s Fero,

Kinetic nnergy iz the energy ol maotion, Them is no kinatic anargy |f thﬂ}llﬁﬁ
is ol rest. It is potential ensrgy 80 h.
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more examples...

A stone of mass 10 g is projected vertically upwards with a velocity of 40 m/s. Find

{1} the maximum height reached.
(i) the P.E at the height in (a). (Take g = 10m/s?)
Salntion

(n) vi=yn?+2as by PE = mgh;s=nh

=gl
0 =u?-2gs AL J——
2gs =u? 1 000

W 40x40 _ =8
B—E—leu =80 m

Example 13.4
A crane is used to lift a body of mass 30 kg through a vertical distance of 6.0 m.
(2} How much work is done on the body?

(f) What is the P.E stored in the body?
() Comment on the two answers.

Solntion

(3 Workdone=Fxd=mgxd=30x10%x6=300=x6=18007F
() PE=mgh=300=6=18001]

(¢} The work done against gravity is stored as P.E in the body.

ELASTIC POTENTIAL ENERGY

= A compressed or stretched spring goes back to its original shape when
released. The work done on stretching or compressing the spring is called

elastic potential energy.
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LAW OF CONSERVATION OF ENERGY

= STATES: Energy can be changed from one form to another, but it can neither
be destroyed nor created.

= When energy changes from one form to another, the total amount of energy
stays the same.

Example
Q] A car accelerates up a hill. What happens to its kinetic energy and to its potential energy?
kinetic energy | potential energy
A decreases increases
B increases decreases
c increases increases
D | unchanged decreases

[Ans] C The speed of the car increases and so the kinetic energy is increasing. Accelerating
up a hill implies an increase in wvertical height and so the petential energy increases,
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Example
What is the velocity of an object dropped from a chiff of height 20 m immediately
before it strikes the ground? g = 10 m/s,

Solution

V= |i23|:|
v=,ﬁx 10.x20

v=_{400
= M) m/s

Note that the total sum of P.E and K.E at each point is equal to mechanical energy
M.E given as: ME=PE + K.E

INTERNAL ENERGY

Bodies at rest possess Internal Energy due to their mass.

The mass of the body at rest is known as its rest mass (m) and its internal energy
as rest energy.
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Example

EFFICIENCY

This is the ratio of useful output to total energy input.

Useful energy output
Total energy input

Efficiency =

POWER

This is the rate at which work is done.

Work Done (inj)
Power = — .
time taken (in s)
Energy converted (inj )
or Power =

time taken (in s)
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or P =

The SI Unit of power is j/s or watt (W). 1 watt is equal to 1 j/s.

A

B

[Ans]

[Q] A windmill is used to raise water from a well. The depth of the well is 5 m. The windmill
raises 200 kg of water every day. What is the useful power extracted from the wind?
(g = 10N/kg)

ZUEI'xle-iw c Zq{lalﬂ_w
5 5=x24
200= 105 200 « 5
—_ w
24 w il w60 ¥ & 24 = al)
B PowerP =%
P= F ; 5
_200x=10%=5
24 al = 60

SIMPLE MACHINES

What is a Simple Machine?

A machine is any mechanical device that facilitates a force applied at one
point to overcome another force at a different point in the system.

A simple machine is a machine that is made up of only one type of
machine. E.g The screw, lever, inclined plane, pulley, wheel and axel,
gears.

A machine made up of many simple machines is called a compound
machine.

The force applied is called EFFORT and the force that the machine must
overcome is called the LOAD.

Mechanical Advantage

This is the number of times a machine magnifies the effort.
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load (N)
effort (N)

Mechanical advantage has no units because it is a ratio.

Mechanical advantage =

Velocity Ratio
This is the ratio of the velocity of the effort to the velocity of the load.

displacement of ef fort

Velocit tio =
erocity ratto displacement of load

Velocity ratio has no units because it is a ratio.

Velocity ratio is the number of times the effort moves further than the load.

Efficiency of Machines
The following formula can be used;

useful energy output

ef ficiency = X 100% OR efficiency = A‘f—ﬁ X 100%

energy input
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Types of Simple Machines
1. LEVERS:

They are simple machines that apply the principle of moments. A lever is a bar

capable of rotating about a fixed point called a PIVOT. Examples;

Levers have a mechanical advantage greater than 1 as well as a velocity ratio

greater than 1.

Lead Plvot
Fivol /
Eftoet
Effart — Load

(&) Crowbar (b} Scissors

Pivot w0
l."' " .l
Load " Effort
: — 1 Pivat i {0} Wheakamow
() Claw hammer {d) Pliars
Effort
—_— | Load
Effart f
/ - |— Pivat *
| Load i
{b) Fishing rod (c) Tweezers
Example
A worker uses a crow bar 2.0 m long to lift a rock weighing 750 N (Fig. 14.7).
fﬁ_l
Fig. 4.7

Calculate the position of the pivot in order to apply an effort of 250 N.
Find the veloeity ratio mechanical advantage and
efficiency of the lever,

Comment on your answer, (Assuming no energy loss)

Load
Pivot,

iy Bottie opanar
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el et A foci ﬁ=a:ﬂ‘m1-:iismnce
applying the principle of moments velacity ratio g
750x =250(2 —x)
7505 =500 250x = -&%
1 000x =500 =3
x =0.5 m from the end with 750 N.
L : Ser L g A = 3
. mechanical advantage = nep efficiency “Rxlﬂﬂ% . ® 100%
=3 = 100%
| We have assumed that there is no friction and that the crowbar is weightless

2. INCLINED PLANE:

This is a slope that enables a load to be raised more gradually by using a smaller
effort than when it is raised vertically upwards.

It is easier to move a heavy load from A to C than
from B to C.
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PRACTICAL 11 — LENGTH AND MECHANICAL
ADVANTAGE OF THE INCLINED PLANE

Apparatus

A trolley + Inclined plane
Masses

Procedure

Measure the mass of a trolley. Place it on an inclined plane of length /,
(Fig. 14.9). Add slotted masses until the trolley just begins to move up the
plane.

Record the values of the load, effort and the length / of the inclined plane.
Repeat the experiment with inclined planes of different lengths. Make sure
the height, A, and the load are kept constant.
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Effort =mg
Fig. 14.9: How the length of inclined plane affects the mechanical advantage.
Record your results in Table 14.1, What happens to the applied effort when
the length of the incline plane is increased.
Table 14.1

Effort E(N)  |Length/ Mechanicnla&vanhge=%

Dhscussion
We observe from the experiment that as the length / is increased the effort applied
is decreased.
Work done on the load = load x distance moved by the load
=Lxh
Work done on the effort = effort x distance moved by the effort
= Ex/
But the work done on the load is equal to the work done by the effort Le.
El = Lh

E= % ——“E;ﬂsimel. = mg
But mgh is a constant

I
Bl .
S

Therefore a small effort travels a long distance to overcome a large load.
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Velocity Ratio of an Inclined Plane

Distance moved by ef fort
Velocity Ratio = yeff

1
thus; Velocity Ratio = —
Distance moved by load us; Vetocity fatio sinf

Mechanical Advantage of an Inclined Plane

load
M.A = thus; Mechanical Advantage =
effort

sin@

3. SCREWS AND BOLTS
Velocity Ratio of Bolt

VelocitV ratio displacement of ef fort
croctty Tatio = displacement of load

2mR
R=——
p

Where p = pitch and R = Radius as
the load is raised or lowered

4. SCREW JACK

2R
V.R =——

p

2mR
M. A =

p
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5. GEARS

-

Load gear Effart gear
o {outpu) T
(&) Vietocity ratio s less than 1 (VR < 1) (b} Velocity ratio s greater than 1 (VR > 1)

Gears are toothed wheels of different diameters.

speed of rotation of driving wheel

Velocity ratio =
Y speed of rotation of driven wheel

revolutions per second of the driving wheel
revolutions per second of the driven wheel

Velocity ratio =

OR

number of teeth on the driven wheel(load)
number of teeth on the driving wheel (ef fort)

Velocity ratio =
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A bicycle has a driving gear wheel of radius 10 em with 24 teeth, The driven rear
wheel has o radivs of 40 cm mount on a rear gear with ¥ teeth determine:
(ul b the velocity ratio for the gear wheel system,
(1) the mechanical advantage,
(1 efliciency.
() What is the elfect of increasing the
(') number of teeth on the driving wheel.
1) radius of the driven wheel,

() Why is it unrealistic to have both wheels having the same radius and equal
number of teeth?

Raluilan
number of teeth on the driven wheel
number of teeth on the driving wheel
.
24

1

3
i1 Mechanical advantage =

tn) 1) welocity ratio

_[_'lldius of the driving wheel
Radius of the driven wheel

R 10 i
o e — w38
r 40 /

chanical advantag -
" s St

3

() (0 The velocity ratio will be decreased and the arrangement will speed up
the rotation

The velocity ratio will be increased but the speed will reduce since
speed of the driving wheel

speed of the driven wheel

There will be no increase on mechanical advantage. This means that the effort

applicd must be very large even on a flat ground. The friction will cause the
load to be less than effort.

velocity ratio =
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HYDRAULIC MACHINE

Load

Fixgsd paint

Piston A; . Piston A,

B Z d,

LIquid —F—

e

= The force on the smaller piston is calculated by applying the principle of
moments.

EXx=yXF
l__‘,=E><x

y

= Suppose while pressing down on A1, the piston moves a distance di and the
piston at Ao moves up a distance dz. The volume of the liquid swept from
piston A1 is equal to the volume of the liquid moved to A,

Volume from A; = A1d:
Volume moved to A; = Axd:
Thus; Aid1= Axd>
dl . AZ . T[RZ RZ

velocity ratio = — = - — =
Y d, A, @mr? r?
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Refer to hydraulic press in Fig. 14.23 on page 219, Given that x = 30 ¢cm, y = 6 ¢m,
effort =60 N area A, = 4 em’, area A, = 12 em’. Calculate

() the force, F,, exerted on the liquid at A.
177 velocity ratio:
' maximum load that could be raised at B,

Snintitm

b

1) By the principle of levers, 1 Velocity ratio =

A
load = load arm = effort = effort arm. =%
FA“'ﬁcm' =60N = 30cm =3

= 60 =30
S

= 300N
\°! Pressure at A = pressure at B
Load
12= 10"

300
Pressure at A =4“—1€!" Pa ; Pressureat B= Pa.

2 x10r 4x104 c 8
12 %300 {
4

Load = Y=900N-" -

assuming perfect machine;
MA = VR
L -3
300
L= 900N
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[Q] A windmill is used o raise water from a well. The depth of the well is 5 m. The windmill
raises 200 kg of water every day. What is the useful power extracted from the wind?

(g = 10N/Kg)

200<10=4 200 = 10
200=10x4 4 W
i 5 5x24

B Eﬂﬂklﬂwl’rw Eﬁﬂ‘aﬁw
24 w0 = 60 24 = Al

[Ans] B PuwerE=%
P-Fxs

t
iiﬂixlﬂxﬁ
24 5 al) w60

3, The figure below shows the path of a ball thrown into the air.

(a) (1) State at which paint A, B, C or D the ball travels the slowest.
(ii) Explain your choice in (i). You should write about the kinetic energy and the potential energy

of the ball. {3
(b) The mase of the ball is 0.20 kg, At point A, the ball has kinetic energy 2.5 |. Taking the gravitational
force on 8 mass of 1.0 kg to be 10N, calculate

(1) the weight of the ball,

(i} the speed of the ball at point A [4]
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ehectncal genarmior
turbine blade

wind burisne

Fig. 4.1 Fig. 4.2

{a) Enargy can be converted from one form into another.

{i) State the useful energy transformations thal oecur during the operation of a wind turbine.

{ii} Describe briefly why more energy is produced per second it
1, the wind blows faster,
2. the turbine blades are longer,
3, the turbine is more efficient.

{iif) State one other energy transformation that produces electricity on a large scale and in which

fuel is not burnt.

(6]

{B) In one revolution the blades sweep out a circle, as shown in Fig. 2. In6lsa volume of 540 000 m’

of air travelling a1 & speed of 6.0 m /s is incident at right angles on that circle. The density of

air s 1.2 kg/m’

Caloulate

(i) the mass of air that passes through this circle in §0s,
(li) the initial kinetic energy of this mass of air,

{iii) the maximum input power avaflable to the wind turbine.

& The graph showi the vanation with time of the speed of & ear as || travels along a level moad, The
car brakes wheh the time t= 208, and comes tn test when @ =24 5

The ear has 8 mass of B00 kg and the forward driving foree on the wheels s 1200 8

-

14
2
k1]
i
8
4
b

%% 46 B wizia gz

s

(n) For the first 20 % of the motion shown in the graph

calculate

) fihe distance travelled,
() theowerk done by the driving foece,
[§ii} the power supplied by the driving firce ]
(1Y Caleulate The Kinetic #nergy of the car while 4 s bavelling al e eonstant fop speed,
(i} When the car is travelling & 4 constant speisl (hete 15 no change in Is Kinetic energy,
I Explain why the car engine is needed o malmain his condtant speed.
L Sugpest what happens o the energy thil In priovided by the engine {51

During bmking e spied of the car decreases unifoomly, The engere o longey priovides a dnving
foree.

{i) Calonlate the deceleration of the car between t= 204 and 1= 245,
(i) Caleulate the tetal braking force acting on the ear during this period,

(i) Explain why the power dissipated in the brakes 1o show the cir i+ gresiter al the beginning
of the braking period than at the end. [4]

WITH ANSWERS
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SOLUTIONS

1. {a) (1) Work done by a force is the magnitucie of the foroe mulliplied by the distance maved in

the direction of the foree

ST unit of work done: foole

Symbal: |

(1) Power 15 the mte al which work is dome.
S1 unit of powet Wall
Symiol: W
{h) (i) gainin P.E =mgh {£l) Veatul power =SMPMPE
=0 w J0 e 40 time
=2400 ) L 200
Al

=800 W

T VN |
(=227

horizontal section

B} (1) The car duﬂmw&mew«ia}hw{&nﬁm
(h;ﬁmmuﬁwdﬁwﬂ

ey Wﬂﬂﬁ-ﬂm-ngm iriction = nee muyed by the ear
Zotten e

=098 T

<

(i} Py conservation of energy.
P.E. at the top + KE al the tup = P.E at the bottom + KE. at the bottom « work done
against friction
P.E. Inss » KE, at the top = KE. at lhe bottom | work done against friclion

B a the bittam = FLE. loss + KE. al fhe op —wirk dons against friction
= {130 1 DA - 0099
= {1701 ]
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(i) As the ball moves upwards, its kinetic energy is converted to potential energy. At point C,
the ball is at its highest point. Thm'efuneﬂaputentialm&rgjrismemnmummdlhldneﬂc
energy is the miramum. The ball is slowesl in speed.

(b) (i) Weight W =mg (iiy KE= —mv’
=020% 10
=20N EK.E.

V=
m

2:12.5

ﬂlﬂ
=50m/s

(2) (i) Kinetic energy of the wind is converted to kinetic energy of the furbine which is finally
converted to electrical energy.
(ii) 1. The turbine turns faster and thus more kinetic energy is converted to electrical energy
per second.
2. The mass of air passing through the turbine per second increases.
3.  If the turbine is mare efficient, more kinetic energy of the wind is converted to electrical
Energy.
(iti) Nuclear energy from a nuclear reactor in the nuclear power station is converted to electrical
Energy. : g

(b) (i) mass =density ~volume (i) K.E I — (iif) Pawer = —oiBY
2 x 540000 hme

=12x
=648x10° kg '%Hﬁﬂﬁx-lﬂﬁxﬁi Ilu?ﬁ;m’
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= area under the graph
=15x20
=300 m

{ii) work done = force = distance (ravelled
=1200 = 300
= 360000 |
work done
time

fa) (i} distance travelled

(lii) power =

(B) () kinetic energy

() 1. The car engine is needed to maintain the constant speed herause energy is required 1o
overcome friction and air resistance,
2. The energy provided by the engine is converted to internal energy.

o N1

(e} (i) “"T

4 .
=-375m /s e
deceleration of the car = 3,75 m/s’

(i) total braking force =ma
=800 =375

= 3000 N

STUDY ONLINE. NOTES. PAST PAPERS WITH ANSWERS

_0-15 <§
4

(iii) The loss in kinetic energy al the beginning is larger than the loss in kinetic enérgy lowards

the end of the car’s journey.
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PRESSURE

What is Pressure?
= Pressure is force acting normally per unit area.
= Larger area results in lower pressure.
= Smaller area results in higher pressure.

P = Pressure; F = Force; A = Area;

» S| unit of pressure is N/m? or Pascal (Pa).

Example

A rectangular solid glass of density 2.5 glem’ has dimensions 10 cm * 40 cm
* 30 cm. The block rests on a horizontal flat surface. Calculate the:

' mmimum pressure, MAXITUIM Pressure it can exert.

'+ For minimum pressure, the arca nust be maximum
‘Maximum area = (40 < 30)em’ = | 2 ew’ = CLIZm'
‘Density of block = 2.5 g/em’

Volume of block = 10 = 40 = 30
= | 200 em?
Mass = density * volume
= (25%1200)g = 3000
= 3kg
‘Weight = mass « pull of gravity
= 3kg# 10 Nkg
= 3N

: .. A
Minimum pressure = Area (maximum)
3N
- DAZmt
For muximum pressure, the area considered must he minimum.
Minimum area = (10 = 30)em® = 300 em®
= 003 m?

. Force

= 250Fa

N
0,03 m?

= | 000 Pa
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ATMOSPHERIC PRESSURE

1 atmosphere or 1 atm is about 1.013 x 10° pa (or 101 300 pa). This is the normal
atmospheric pressure.

PRESSURE IN LIQUIDS

= Pressure increases in depth

P_F
A
gy
P2
Hence;
P = pgh

Where m = mass; g = gravity; h = height;

[Q] Four different liquids are poured into identical measuring cylinders. The diagrams show
the heights of the liquids and their densities.

Which liquid causes the largest pressure on the base of its measuring cylinder?
A B Cc D

3 r =)

1 (- 2.0g/em® 1.6g9/cm? 1.2g/em?

b r
0.7 glem?
[

40¢cm

[Ans] C Liquid pressure due to a liquid column is pgh =12x10°x10x0.3
= 3600 Pa (largest)
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[\ The height of a mercury barpmeter is h when the atmospheric pressure is 100000 Pa, What
i6 the pressure at X7

20000 Pa
BOOOO Pa
120000 Pa
TEODOD a

= -

i

[Ans] B Pressure at X =(h- —2—} af almospheric pressure = %1 100000) = BOOD0 Pa

RERETEERE )

h
5

= Pressure acts in all directions.
= Pressure does not depend on shape of the container.

HYDRAULIC PRESS

It uses the principle of transmission of pressure.
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Example

The area of the large syringe in Experiment 15.7 is 18 cm” and that of the smaller
one is 3.0 em®. A force of 2 N is applied on the smaller piston. Find the force

produced at the larger piston.

Soluiion
Force on large piston _ Area of large piston
Forve on small piston Area of small piston
Force on large piston 18 cm?
2N T 30
18 cm?

Force on large piston = 2N«

THE BAROMETER

A mercury barometer is used to measure atmospheric pressure.

Construction of a simple mercury barometer:

1. A thick-walled glass tube (about 1m long) is filled with mercury

completely.
2. The open end of the tube is covered with a finger and inverted.
3. Place the inverted tube in a trough of mercury.

The height of the mercury column is found to be about 760mm (76cm)
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=y
- Vacuum
#_' atmaospheric
h=76em _'.-r pressure
J

= Since the height of the mercury column reflects the value of the atmospheric
pressure, atmospheric pressure can be expressed in terms of the height of a
column of mercury.

= 1 atmis 760 mmHg or 76 cmHg

= Hgis Mercury.

[Q] The diagram shows a simple mercury barometyr. Which of the following does not cause
the hﬁ{lght af the TOETCUTY column ta vary?
A changes in the atmospheric pressure
B changes in the value of g

C  evaporation of mercury fiom the barometer
reservoir

O leakage of alc into the tube

[Ans] € Atmospheric pressure = density of mercury ¥ g * heighl of mepcury column. The
height of the mercury column therefore wouald decrease il almospheric pressure decreases
or if B imcreases or if there is a leakapl;e af air Inte the tube.

MANOMETER

Manometer is used to measure gas pressure.

Construction of a manometer:

1. The manometer consists of a U-tube containing a column of liquid.
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2. The liquid can be mercury, water or oil.

mercury
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How to measure gas pressure?

When both arms are open, same atmospheric pressure is exerted on the
liquid surfaces X and Y, and they are at the same horizontal level.

To measure the pressure of a gas, side X is connected to a gas supply by a
length of rubber tubing.

The gas exerts pressure on the surface X. The gas pressure must be greater
than atmospheric pressure to cause level Y to rise.

The gas pressure at X is given by:

Pressure of gas at X = atmospheric pressure + pressure due to liquid column YZ

PX:P0+ pgh

Where P, = atmospheric pressure

p = density of liquid
g = gravitational field strength
h = length of column YZ
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Example

~The Fig. 15.25 is a u-tube manometer used to determine the pressure of the gas
used to inflate the tyre. The density of mercury is 13 600 kg/m® and g = 10 N/kg
and atmospheric pressure P, is 1.02 x 10° Pa.

Fig. 13.25

Calculate the pressure of the gas.

Solution
FromP, =P +hpg
Pn =PA -hpg |
= 1.02 x 10FPa— 0.69 m * 13 600 kg/m* x 10 N/kg
=1.02% 10°~93840Pa
=8160 Pa e
. The pressure of the gas used o inflate the tyre is 8 160 Pa.
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ARCHIMEDES’ PRINCIPLE

When a body is wholly or partially immersed in a fluid, it experiences an
upthrust which is equal to the weight of the fluid displaced.

Example

A concrete block of mass 2.7 % 10° kg and volume 0.9 m? is totally immersed in
sea water of density 1.03 x 10° kg/m’. Find:

Weight of the block in air,
. Weight of the block in sea water.

Weight in air = mg

=2.7=10°x 10
=27x10*N
'[») Volume of water displaced = volume of the block
=09 m?
Weight of water displaced = Vpg= 0.9 x 1.03 x 10° % 10
=927 x 10°N
Upthrust = weight of water displaced
=927 x 10N
upthrust = W, — W,
" Wy = W, —upthrust
= (27 x 107) - (9.27 x 10°)
=17.73 x 10°N

=177 x 10* N

eskulu.com



ESKULU.COM STUDY ONLINE. NOTES. PAST PAPERS WITH ANSWERS

CHALLENGING QUESTIONS -8

1. The figure below shows a piece of glass being lifted by a suction cup.
handie

to vacuum
cup 2 pump
partial
vacuum
glass rubber sesl
X 5

Air is removed from the cup by a vacuum pump and a partial vacuum is created inside the cup.
Atmospheric pressure outside pushes the glass on to the cup.

The area of the glass covered by the cup is 00025 m* The pressure inside the cup is reduced to
60000 Pa. Atmospheric pressure outside is 100000 Pa,

(a) (1) State the formula that relates pressure to force and to area.
{ii) Calculate the greatest weight of glass that can be lifted with this cup, 4]
(b) State two changes that would allow a suction cup to lift a heavier piece of glass. [Z]

2. The figure below shows two vertical tubes P and Q, each closed at the upper end. The pressure
in the space above the mercury meniscus in tube P is negligibly small. There is a small amount of
air in this space in the tube Q.

The density of mercury is 13.6 x 10" kg/m’.
The gravitational force on a mass of 1.00 kg is 10.0N.

P Q

Using the data given in the figure, determine

(a) the atmospheric pressure, in Pa, at the time, 13
(b} the pressure, in Pa, exerted by the air in the space at the top of tube Q. 3]
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3. The figure below shows a simple mercury barometer that can be wsed to measure the pressure of
ﬂwahﬂﬁ‘lhﬁﬂ;

AV

(i) On the figure, mark a vertical distance that would provide a measurement of atmospheric pressure,

(i) State and explain what happens to the level of the mercury in the tube when atmospheric prmuI.r;
increases. I

4, The figire shows a hand-operated hydraulic press.

A fores is applied downwards at X as shown. When piston P moves downwards, valve A closes,
valve B opens and ml is forced through to raise piston Q in the slave cylinder,

(a) The area of piston P is 20 em® and the area of piston Q is 400 em®. Piston P exerts o downward
foree of 300N on the oil.

{i) Calculate the pressure, in N/cm?, mrtﬂdb}fpmtpn'?ontfwuil

(it} State the value of the pressure in the slave cylinder.

(iif) Calrulate the force exerted by the nil on piston Q. 151
() Plstom P moves down 6 am,

{i) Calculate the yolume of oil that moves out of the master cylinder.

(i) Caleulate the distance that piston Q rises, 12]
(c) After X is pushed down, it is lifted up again. State what happens, as X is lifted, to valve A,
valve B, piston Q. 12}
(d) State why oil and not air is used in the hydraulic press. 1]
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SOLUTIONS |

Force
Area

1. f{a) (i) Pressure =

(ii) Greatest weight of glass = greatest force produced by the pressure difference
= pressure x area
= (100000 — 60000) = 0.0025
=100 N
{(b) (1) Reduce further the pressure inside the cup by removing more air from it
(2) Increase the area of glass covered by the suction cup

Examlip L5

la] () Candidates do not need to calculate the pressure in this part as they are asked to state
the formula only. '

fii] Greatest weight of ul..i:nsa lifted is the force produced by the pressure difference between
the two sides of the glass. The pressure inside the suction cup is lower than that of
tha air below the glass as it is partial vacuum. The pressure balow the glass is atmospharic
prEssUTe,

{b} Force = pressure x area,

It you want to increase the force, you can either increase the pressure difference or increase
the area.

2. (a) Atmospheric pressure = pgh

= (136%10)x100 n[‘%]

=102 %10° Pa '

(b) Air pressure at the top of tube O + liquid pressure due to 60.0 cm mercury = Atmospheric pressure
Air pressure at the top of tube Q = Atmospheric pressure - liquid pressure due to 60.0 cm mercury

=102 x10° Pa= (136 % 10°) x 10.0 x [%]
=204x10* Pa
ExamTip 5

fal (b) The consistency of units is important for this question. The height of the marcury is usually
expressed in om. It is compulsory for the candidates to convert it to m.
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b

NSOSNNNANNANANNY

v/
(ii) The level of the mercury column in the tube increases because the mercury column inside the

tube is supported by the force due to the atmospheric pressure. When atmospheric pressure
increases, the force is greater. Therefore a higher mercury column can be supported.

.
Examlip 1 5= .
{ii Tha height of the mercury that would provide a measurement of atmospheric pressure is from
the top of the meniscus of the mercury to the reservoir level.

fiil The mearcury column inside the tube is due to the atmospheric pressure, When atmaospheric
pressure is changed, the height af the mercury column will change accordingly.

4. (a) (i) Pressure = §=.%u_,15m;mﬂ ,

(ii) 15 N/em® N N
(ii) Force = p x A = 15 x 400 = 6000 N
(b) (i) Volume of oil = 20 x 5 = 100 em’

(ii) Distance moved by piston Q = % = 0.25em

(c) Valve A: open
Valve B: close
Piston (): remain stationary
(d) Oil is incompressible whereas air is compressible.

Examlip 15
fal [l Prassure is transmitted to piston O through the oil. If the oil is incompressible, the pressure

at piston O is same as the pressure at piston P

bl The valume of oil moving out of the master cylinder must be equal to the volume of oll
moving into the slave cylinder.

icl In order to keep the load at the same height, valve B is closed and valve A is open to let
the oil go into master cylinder whan X is lifted.
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