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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.

No v kwnN

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

e.g. ® 4n <——-|:'—>- 4N

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

eg. & AN «—A . | : »~ 9N
- ]

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.
= Thatiis, 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.

30N 40N

rope 75 rope

portrait

Fig. 5.11: Portrait suspended using two ropes

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

ABCD is a parallelogram

AD //to BC

AB // to DC

angle ADC = [80° - 75 = 105°
angle ABC = <ADC = 105
AC is the resuitant force.

Fig. 5.12: Parallelogram of forces
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To locate the resultant force AC, we draw a parallele gram ABCD as fallows usmg
a scale of 1 cm to reprcsent 10N. _

" Draw AB =4 cm. |

~ Draw angle BAD = 75° and measure AD = 3 cm..

‘Draw angle ABC = 105° and prolong line BC. . o

Draw line DC such that angle ADC = 105 Prolong the lme to mtersect lme

: 'BC a»{ . - __ _ S

Join A to C with a straight lme |

~ Measure AC and convert to newtons using the scale
- Measure angle BAC in Flg 5.13. ¢ |

We obtain .Fi'g. 5 13
AC is the resu'lta'n't -for'ce.

AC =56
“S6x10N
=56 N |

<CAD =44°

- Thus, the resultam force is 56 N
acting at an angle of 44°to the 30 N

th 5.1 3: Pcira?!éfogram drawn to scale
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[Q] Which diagram represents the directions of vectors X and Y and their resultant Z?
A

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

Afltor drawing the parallelogram, thare are twa dlagonals, Tha resultant force |s
the diagonal which starta from the same point os the fwo forces.

LENGTH
The Metre Rule

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

Vernier Callipers

\ 8 /I main Scale
0 ]

3 4 5
mhmlmlIml‘nuhm[

cm
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Used for measurements accurate to 0.1mm.

It 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.

<

2 3
i [H!f[ll}’lllg

[]

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.

It can measure the diameter of hair.

It 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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sleeve thimble

reading micrometer screw gauge e,

1
circular scale
/ frame
3 2 1 :
= {f _5_._‘ in line for

2nd reading
(012 mm)

spindle

ratchet

15t 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] The diagram shows a pendulum osallating between positions X and Z. It takes 155 to
go from X to Z and back to the mid-point ¥, What is the period of the pendulum?

05s
10s
15s
20s

oON = >

[Ans] D Time for the pendulum to go from X 1o Z and back to Y is 3 quarters of an oscillation
Therelore period = 1.5 x 4/3 = 20
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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 (6 < 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 cm, 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 string in (cm) 10 | 20 | 30 | 40 | 50

Time (t) for 20 oscillations in (s)

Period T(t) = -5‘6 (s)

= Draw a graph of period, T (s) against length, I, (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
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For a simple pendulum oscillating with a small amplitude, the period (T) is given

| L g
J 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 =2n ’ 4 ‘
g

-8
Making g the subject of the formula in equation (i), we get
_ 4wl
E=

2
Therefore, acceleration due to gravity is given by g = 4LT21

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?=4n’l and y=mx +c,
g
Where T? and / correspond to y and x respectively, we note that
9—’:—1 = m (the gradient of the graph).
Making g the subject, we get that g is given by

B 4l
€~ gradient of the graph

i.e.

Using the set up in Fig. 2.28, displace the pendulum through angle, 6= 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, 6 = 15°, 20° 25° 30° and 35°. Record your results ina table (see
Table 2.5)
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Table 2.5
Amplitude, 6 (°) 10 15
Time, t,, for 20 oscillation
Time, t,, for 20 oscillation
Average time, t_ for 20 oscillation,
Lty

o et

o 2

Period T(s) = % )

*  Draw a graph of period, T (s) against the Amplitude, 8 (°) and comment on
the nature of the graph.
Discussion

Fig. 2.28 is a graph of period, T(s) against the amplitude, 6 (°)
A

>

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, 9.

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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CHALLENGING QUESTIONS WITH ANSWERS -1

1. The figure shows a catapult used to project an object. Force F pulls back the object, creating tension
in the rubber cords.

rubber cord

object

¥

(a) The tension force in each rubber cord is 20 N and the two cords are at 60° to each other. The
figure below shows the direction of the two tension forces acting on the object.

By making a scale drawing on the figure, or otherwise, find the resultant of these two tension
forces acting on the object. If you draw a scale drawing, state the scale that you use.  [3]

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

2. Force is a vector quantity.
(a) State which two of the following are also vector quantities,
Acceleration, distance, mass, speed, velocity 1]

(b) When two forces of 5 N are added, they may produce a resultant force that has any value between
0 and 10N.

(i) Describe how it is possible to produce a zero resultant force from two forces of 5N.
(ii) Describe how it is possible to produce a resultant force of 10N from two forces of 5N.

(iii) Draw a vector diagram to show how a resultant force of about 5N may be obtained from
the two 5N forces, Clearly label the forces and the resultant, [4]
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3. The ligure below shows a simple pendulum suspended from a clamp.

6

front view side view
(a) Describe briefly how you would use a stopwatch or a stopclock to determine, as reliably as
possible, the period of oscillation of the pendulum. 3]
(b) A student obtains the following values for the time for 20 complete oscillations of a pendulum.
1465 1475 145s 1465 1475
Determine the period of the pendulum. [3]
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SOLUTIONS:

eskulu.com n



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

1. (a) Scale: 1 cm represents 2.5 N
Resultant force = 138 x2.5 = 345N

(b) Work done force x distance moved
(16)(0.20)
327 .
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2. (@) accgletation and velocity
(b) (i) Both forces are in directly opposite directions.
(ii) Both forces are in the same direction.

(iii)

Examlip - 5>

(al Only acceleration and velocity have both magnitude and direction. The other quantities have
only magnitude.

{b) i} ‘——Dﬁ"

5N
5N

(i) C =

(iii) To obtain a resultant of 5.0 N, the diagonal of the parallelogram must be 5.0 N. Since
the two forces are also 5.0 N, two equilateral triangles are formed. For an equilateral
triangle, each angle is 60°. Hence the angle hatween the two 5.0 N is 120°.

3. (a) Measure the time taken for twenty oscillations using the stopwatch and record it as t. Period

of the pendulum = -2% . Repeat the experiment to obtain several readings and calculate the average.

Average time for 20 complete oscillations
1464147 +14.5+14.6 +14.7

B 5

= 14.62

14.62
Period of pendulum = ~75= = 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;

-1 ¢

—Mecasunng cylmder

1

1

|
' |

l. ‘\1 '
-

1
i

|'j||
”'Ic

{rregular sobhd

|
[
NE

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

e Dgpilacement can

|

141

1}"1 iy
III

fal

Solid

b T — ——Measuring eylinder
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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.

{nl Tracttony beam talance (0} Tnpk beam Dalews izt Dgeal beam talence
= 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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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)

[Q] 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 16
B 10 16
C 16 10
D[ 16 160

[Ans] B Weight = mass x gravitational field strength=10x16=16 N

Since mass of the object is not given, check the values for mass and weight to
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
*  An irregular 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 shown in Fig. 3.5(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 procedure with the support Q and mark the point M where the two
lines intersect.

Check the accuracy of your method by suspending the lamina at R.

smooth
support &9

hole

string (plumbline)
weight =~

(a)
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

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;

\"

» 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
\
1 } Displacement can
pout

fa) Metnod | (b} Method 2

Relative Density

= Aslong 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,

Relative density of coi)per = (;e::sllt:;(:)?vtaptzrer ]
_ 893 g/em*
10glem’®
=8.93
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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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[Q] A student is trying to find the density of a stone, but he has mixed up the instructior
cards.

D st i
/——T—

Divide the
mass of the
stone by its

> volume to find
Find the mass of Read the new level Pul the stone into the density
the stone using a of the liquid in the the liquid
mass balance measuring cylinder
Card 1 Card 2 Card 3 Card 4
%
% Subtract the original
volume of liquid
from the volume of
b the
Put some liquid into a Flick the cylinder Wl o e ohns
measuring cylinder and to get nd of any air
read the leve! of the hiquid bubbles
Card 5 Card 6 Card7

What order should the cards be in?

oN = »

[Ans]

5939622212457
1259356929574
526232221374

1549523962257

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 = mass/volume.
The mass is measured by using a 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 graph shows their results?

""‘; M_BL

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 graph shows their results?

LA

0volume Ovolume

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 cooled down.
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 same | decreases

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

g|n|=|»>

[Ans] C Whmﬁemperamdeaeases,ﬁwgasmﬂ\eamsitywmmas
: the volume is smaller but the mass is a constant.

For this type of question, candidates should bear in mind that the mass of the
gas is a constant as no gas is allowed to enter or leave the balloon. The volume
of the balloon is not a constant as it can expand or contract.

PRACTICAL 3 — DENSITY OF FLOATING WOOD

Apparatus

» A piece of wood * A measuring cylinder
*  An overflow can or Eureka can * Water

*  Acompression balance

Procedure
*  Measure the volume, (V,_ ) of a picce 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.
Plaoeanemptybeakeronacompreeslonbdlmce\mduthespoutandreoord
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,

Discussion

Since, weight of a floating wood = weight of a fluid displaced by the wood.
SoW__.=W,_ .=

FromW=mxg=m= gl’ we divide g on both sides of the equation (i) to get,

Mod = My = M, — MM,
where, m, _ m, is mass of water displaced.
The density of the floating wood is given by:

mass of the wood _ mass of the wood
volume of a water displaced  volume of the wood
s m, —m,

v

wood

Density of floating wood =
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CHALLENGING QUESTIONS WITH ANSWERS -2

1. A measuring cylinder contains 30 cm?® of liquid. When a stone of weight 0.92 N is dropped into the
liquid, it sinks to the bottom and the liquid level rises to the 70 cm? graduation.

Taking the weight of 1kg to be 10N, caleulate .
(i) the mass of the stone, (1
(ii) the density of the stone. [2]

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

(2) When a block of metal is hung in air from a spring balance, the reading is 9.6 N.
(i) What is the weight of the block of metal? .
(i) Assuming that the weight of a 1 kg mass is 10N, what is the mass of the block of metal?
2]
®)
block of metal

N

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

When the block of metal in {a) is lowered into the can until it is totally immersed in the water,
110 em® of water overflows. Calculate the density of the metal. [2]

3. The mass of 600 spherical lead pellets is found to be 66 g and the total volume of the pellets is found
to be 5.7 em’, Calculate

{i) the total weight of the pellets,
(ii) 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
1.00 kg is 10.0N] f
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4. (a) The acceleration of free fall near the surface of the Farth is 9.8 m/s?.
The acceleration of free fall near the surface of the Moon is 1.6 m/s%
Calculate the weight of an object of mass 5.0 kg
(i) near the surface of the Earth,

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

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

(i) weight.

SOLUTIONS:

1. (i) Mass, m = W/g = 0.92/10 = 0.092kg

=70~

(ii) Volume of stone = change of reading on measuring cylinder
. =40 cm®
Density of stone = mass of stone / volume of stone

=92/40
=23g/cm’

To find the volume of the cork accurately, it needs to be immersed completely into the liquid. Since
the cork floats in the liquid, the volume of liquid displaced would not be equal to the volume of
the cork. Thus it would not be possible to use this method to determine the density of cork.
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2. (a) {i) The weight of the metal block is the reading of the spring balance.
96N
(i) Mass, m =W/g

=96/10
=096 kg

(b) Volume of the metal block is the volume of water displaced = 110 em’

Density = mass/volume
=960/110

=873g/cm’

ExamTip 35>

{al (i} Spring balance is used to measure weight which is a force. Beam balance is used to measure
mass which is the amount of matter.

(i) Again, candidates have to apply W = mg several times during examinations.

(b) Students are able to describe how to determine the voluma of an object by displacement
method.

3. (i) weight of the pellets =mg
Heh Peu =(66/1000)x 10
=066 N

(ii) volume of one pellet =57 /600
=95x107 em?
=95x10" m*
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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 15~
(i) The mass of peliets is given in g. The unit of gravitational field strength is N/kg. It should

be noticed that there is an inconsistency in the unit of mass. Candidates need to change
the unit of mass from g to kg.

{ii) It is optional to change the unit of volume to m? here.

(iii) Density can also be found by -Mass of one pellet
volume of cne pellet

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

4. (a) (i) weight near the surface of the Earth = mg,.., =50x98
=49N

(ii) weight near the surface of the Moon =mg,, = =50x16
¢ =80N
(b) (i) Balance K. Its working principle does not depend on the value of acceleration due to gravity.
(i) Balance J. Its readings depend on the value of acceleration due to gravity.

Examlip 15~
{a) 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.

(b} Balance K Is to 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

Sveed =
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 (ms?)

final velocity — initial velocity

Acceleration = .
time taken

V—Uu
t

The Motion in a Straight Line of a Moving Object
= At rest: speed is zero, acceleration is zero.
= |f there is increasing speed, it may be:
= |f 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)
= |f there is decreasing speed, it may be:
o Uniform for a period or
o Non-uniform for a period.

a =
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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.

eskulu.com



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

O At rest ® Constant speed
(zero gradient) (constant gradient)
A 4
g1 < . I k
g : g : distance :
3 A s : i time
| can be anywhere . ! : ata = ath
1 H I Massssesssssssisnssnne
A . H ! oy
time time
©® Increasing speed ® Decreasing speed
(increasing gradient) (decreasing gradient)
)
[ PR R b
g { distance  distance :
3 o | Tume L tme
"""" : i atb>ata }  iatb<ata
' ! ey H >
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.

O At rest ® Constant speed: zero acceleration
(zero gradient) (zero gradient)
4 A
-U .c a .....................
© + s ey
= & - i constant :
time is counting / LR S
time time
® Uniform acceleration ® Non-uniform acceleration
(or decceleration) (or decceleration)
(constant gradient) (increasing rate: increasing gradient)

(decreasing rate: decreasing gradient)

)
S/ %,

g ) NS

) By Ve

o B \%%

> \\O9
- AT a >

o increasin me
fime 9

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.

Vv (m's)
. e
Wep— — =
I
[0t :
A I
[
-
2 4
v 20-0
(a)a=—" = =5m/s”
t 4
30-20
(b) a= "¢ =2m/fs
0-30 :
(¢) a=—"""" =-3m/s
10

(d) The total area may be obtained by adding the arcas 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
= 2(10+6)x20+2(30+20)x5+2(13+3)x30

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

W
ro
w

Total distance covered

=

ro
0
w

(¢) Average speed = = 18.75m/s

Total time taken
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more examples...
|IQ] The speed of a body during 20 s of motion is represented by the speed-time graph shown.

o A 3 L) 1

0 5 10 15 20
time/s

Which distance does the body travel during this motion?

A 200 m C 300m
B 250 m D 400m

[Ans] C Distance travelled = area under the speed -time graph
= 14(10 4+ 20)20
=300m

[Q]‘I'hegmphshowsd\espeedofacarasumovesfromrest.Whatlsdteaveragespeed
of the car during the first 3 s?

12

speed
ms g

0 1 2 3 - 4

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

total distance $(12x 3)
time =3

=6 m/s

[Ans] B Average speed =
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[Q] A skier is travelling downhill. The acceleration on hard snow is 4 m/s* and on soft snow
is 2 m/s’. Which graph shows the motion of the skier when moving from hard snow to

soft snow? ’ERS WITH ANSWERS
A B C D

';lqn:d in z;:d in z;:d in :7:4 n
30 4 30 30 . 30+
20 20 20 20
101 Y—— 1 10 10
0 - 0 - v 0 — 0 :

0 5 w o 5 0 0 5 w0 0 5 10

timeins timeins timeins time ins

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

— —— e — - —— s T

Acceleration of the skier is the gradient of tha speed-time graph. The first pan
than second as the acceleration on hard

0 z
In which region is the acceleration decreasing?
A VoW C XtoY
B WiX D YwZ

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

The gradient of the speed-time graph is the acceleration. From V 1o W, the ac-
celeration is increasing (increasing gradient). From W 1o X, the acceleration is
decreasing (decreasing gradient}. From X 1o Y, the scceleration is zero (zero gradient).
From Y to Z, the deceleration is uniform (constant gradient).

eskulu.com n



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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A acceleration
B final speed

due to gravity, 10 ms=.

—
10m

{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.

]

20m

Which quantity is the same for both balls?

C  increase in veloéity
D time of travel

[Ans] A Both balls are free falling body. The acceleration for both of them is the acceleration
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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-time graphs for rocks dropped on the Earth and on the Moon?

A B - C D
H Earth Earth
o '§ . '8
3 2 -~ &
Moon ~ “Moon b _ Moon
——————— - -~ =
Time Time ., Time - Time

[Ans] 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-GE oo (1)
1

H=ut- Egt2 (for upward motion)--------------------- (2)

H= %gt2 (for downward motion)----------------- (3)

u? =-2gh (for upward motion)--------------------- (4)

vZ = 2gh (for downward motion)----------------- (5)
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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 equaﬁon, vV =u-— gt
0 =20-10t
10t =20
t =2 se‘conds
(i) Using the equation, H = ut— — 5 gt~

=20><2- —i-x10x2x2
=40-20
maximum height =20 m

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

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

Using the equation H = 5 gt2 time for downward motion will be,

H ~-——-gt:2 H =20 m from (ii) above

20= %-x 10 %
20 =58

=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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due to air resistance

v/ms™ T
accelerating at maximum
decreasing rate constant velocity

terminal velocity | -c-meeeneadoan

e e

- t/s
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PRACTICAL 4 —THE MOTION OF A BODY
FALLING IN A FLUID
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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.

Obscrvation
Initially the speed of the ball increases and eventually becomes constant.

Dhcnsbion

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 ( U) and viscous drag (fluid friction

F)) as shown in Fig. 6.36.
‘U Fr

YW
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 the maximum downward velocity possible for a particular object falling
through a fluid.

CHALLENGING QUESTIONS WITH ANSWERS -3

1. The figure below shows a trolley being pulled along a horizontal bench by means of the tension
T in the thread fastened to the front of the trolley. The other end of the thread is attached to a mass-

hanger.

trolley
hortzontal bench - man

mass-hanger

A group of students times the motion of the trolley after it has been given a small initial push,
They obtain the following data.

| 1
distance travelled/m 0.60 " 1.20 1.80
time/s 22 1 4.6 64
(a) Describe, in a few words, the motion of the trolley. Justify your answer. 3]
(b) Determine the average speed of the trolley. [2]

(c) The mass of the trolley is 1.4 kg and that of the mass-hanger is 15 g. The gravitational force on
a mass of 1.0 kg is 10 N. Name and determine the magnitude of each of the four external forces
acting on the trolley after it has been given the initial push. You may give your answers in an);
order. 2

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, air resistance can

be neglected.

o

e

o(m‘;-)
2
0 )
0O 02 04 06 08 10 12
(2
(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 time t  between t =04 s and
twl2s 2]

{c) State the value of the time when the ball is at its highest point above the ground. (1]
(d) Determine the vertical distance covered by the ball in the first 0.4 % of its motion 13
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3. A parachutist jumps from an aircraft and falls through the air. After some time, the parachute opens.
D

TN
\
\

c

2 4 8 8 10 12 14 116 18
time/s

The figure above shows how the speed of the parachutist varies with time.

(a) Describe the motion of the parachutist between A and D.

(b) State the value of the terminal velocity before and after the parachute opens.
(c) Calculate the average value of the acceleration between B and C.

4. The figure below shows how the speed of a cyclist varies during a journey.

8
speed 4
m/s 7 -

»i

CLDJ™ |
5 & 100 10 200 250 %W 30 40 420 Sk 50
time/s
(a) Describe the motion of the cyclist between points B and C.
(b) State which parts of the graph show the cyclist moving with constant speed.
{c) Caleulate the distance travelled by the cyclist in the first 250 s of the journey.
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5. The figure shows apparatus that demonstrates how a coin and a piece of paper fall from rest under
gravity. .

(a) State the initial value of the acceleration of the coin as it falls from rest. 1]

(b) The coin and paper are at the positions shown in the figure. Explain, in terms of the forces acting,
why

(i) the paper falls with constant speed, 1]
(ii) the coin still accelerates, 1]

(c) AvacuumpumpisconnecndwAandtheairintheiubeismoved.'l’hecolnmdpaperfall
differently in a vacuum from the way they fall in air. State two of these differences. 12]

SOLUTIONS:

1. (a) The trolley has a uniform speed and no acceleration. If experimental errors are taken into account,
the distance travelled per unit time remains almost copstant.

(b) Average speed -%’wzsm/.

- 15
Ti in string » -
(c) Tension B wiosst I0N=015N

Frictional force on trolley = 0.15N
Weight of the trolley = 1.4 x 10N « 14N
Normal Reaction on trolley = 14N
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(a) Speed is the distance travelled per unit time.

N
=il

®) .~ W e o
. - ‘. N :- o3

=

43

LN

% oz o4 06 08 10 12
' s

!
(c) time = 0.60 s
(d)diapéeeovén& -'ﬁey&rﬂhuﬁspﬂefeﬂ-ﬁmmph-%mz)mq-wm
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(a) The speed of the parachutist increases and then becomes constant.
The acceleration of the parachutist decreases from some fixed positive value 1o zero.

(b) Before the parachute opens, terminal velocity = 50 m/s
After the parachute opens, terminal velocity = 5 m/s

P .

37 -18

=T5-2
—475m /s

{a) When candidates src asked to describe the motion of an object, they need to describe the
chmoeohspnduﬂml«aﬁono(lhoobjeci.ﬂxemutsdlocaﬂonwilulhowmm
points are raquired in your answer.

{c] From the speed-time graph, it is noticed that the acceleration from B to C is not uniform,
However, when average value is calculated, we assume that the acceleration is constant. This
also applies to average speed.

(a) Mspadofﬂwqdistdmmfomdy.mdmdenﬁmof&ecydﬂimhnt
(b) AB and EF
(c) Distance travelled = area under speed -time graph

=-;-(190+250)(7)

=1540 m

(a) Describe the changes in speed snd acceleration. The constant nagative gradient shows that
it is @ constant decsleration.

(b) Moving with constant speed means no acceleration. The gradient of the speed time graph
is zero. This will result in horizontal lines in the speed-time graph.

{¢) Candidates should read carefully the readings when they determine the area under the
meed-tkmmh.oonmmahmleumhmkamnthwlhdﬁwm.

5 (a) 10ms*
®) (i) mmtdmfomncmgontheplpaismshwdgmheqmlwhupwmdm
(air resistance).

(ﬁ)ﬂmebadownwudmﬂhmfuuamngmdnednasunw@dhguumme
air resistance.

(¢) 1. Both the coin and paper accelerate throughout the fall.
2 Bothmecoh\andpapethllald\emmmdmchﬂ\ebuwmof&nmbew.

4 The Initial air resistance Is O N. Therefore the coin is a free-falling body and its initial acceleration
is the acceleration due to gravity.

{b) Air resistance incroases with the speed of a falling body. As the paper is very fight, the air
rasistance will socn equal the weaight.

{c) Whan air in the tube is removed, there is no air resistance. Both the coin and the paper
are free-falling objects and hence sccelerate at 10 ms™.




= 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.

> 8 | 4N

7N to the left, 4N + 5N= 9N to the right
There is a resultant force. The unbalanced force is 2N to the right.

= 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 C 24 m/¢
B 16 m/s D 32 m/s

[Ans] B By Newton's 2* Law F=ma
60-20=25(a)
a=16m/s’

[Q] A small submarine of mass 1000 kg sinks in water with a uniform speed of 2m/s.
N
ek
B T L)

R ) S Lty
e e T e ok R KT
What is the resultant force exerted on the submarine as it sinks?
A ON 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 N when acceleration is zero.
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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
f=u' 4+ 2ax
0=20"+2aXx50
a =- 400m = -4() m/sz
100s*

F=ma=500X%X4=200N

3. Abullet of mass S5g 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 y
vV =u +2ax

0' =300+ 2a X 0.01

a=-90000 _ -4 500 000 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 with the card Coin left behind

Beaker Beaker

4 Coin drops to the
) bottom of the beaker

(a) Coin moves with the card (b) Coin 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 force applied on it

Apparatus

* Atrolley * Elastic cord

*  Ticker timer * Arunway

Procedure 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.
Ticker timer

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

(a)

ol N
4

£
€ <

(b)

Y
~

3

(c)

N
4

Tl = ‘Jt""‘;"

Fig. 8.7
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 (¢) 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 3F
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 force equal 2F, 3F and 4F respectively. A graph of acceleration
against the force F (is shown in Fig. 8.8).

t

N

1

Force (N)
Fig. 8.8: Graph of acceleration, a, against 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, F' i.e.
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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:

W

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

IS NINENNIIe
A 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
—
tension
box |7
(a) At rJ rough
roa

tension
f : frictional force on the box (to the left)
(because direction of motion is to the right)
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CHALLENGING QUESTIONS WITH ANSWERS -4

1.

The figure below shows an arrangement for demonstrating the relationshtp between force and ac-
celeration.

{a)
(&)

trolley of constant large mass .

bench

Draw a diagram of the trolley and, on your diegram, draw arrows to represent all the external
forces acting on the trolley when it is accelerating along the bench. Label each force. 3]
In one particular experiment, the mass of the trolley was kept constant. The time t for the trolley
to move a distance of 1.00 m from rest was determined for various values of the pulling force
F. The acceleration a was then calculated using the equation s = J{a¥, where s = 1.00 m. The
following values were obtained.

F/N 0.40 10.80{1.20 | 1.60 [ 2.00
a/im/s") |008[022 [043]057 |074

(1) Plot a graph of F/N (y-axis) against a/{m/s’) (x-axis); start your axes at the point
F/N = 0, a/(m/s") = 0. Draw the best straight line through your points,

(ii) Determine the gradient of your graph.
{il1) Use your graph to determine the value of F when the acceleration is 0.

(iv) Use your answer to (a) to explain why a pulling force is needed to give zero acceleration.
[0}

State and explain the effect on the gradient of the graph if the mass of the trolley were lo be
doubled. (21
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(a) The table below shows the variation with time t of the distance s travelled by an aircraft as |/ /10 ()51
it starts moving along a runway.

t/s 0 1 2 3 4 5
s/m 0 1 6 17 37 67

State, giving your reasons,
(i) whether the speed of the aircraft is increasing, decreasing or remaining constant,

(i) whether the acceleration of the aircraft is increasing, decreasing or remaining wnsum!.(
4]
(b) A parachutist falls from an aircraft which is 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%.

(ii) State and explain what happens to the vertical speed of the parachutist after the parachute]
opens. é [4

3. A hovercraft moves on a cushion of air which is trapped underneath it, as shown in the figure below.
The trapped air reduces friction.

e R R S LY W el > ra—
0000 000000
[ G Y Y 2 I (55 (0 I Y2 i B |
N\

‘ cushion of alr
{a) The hovercraft starts from rest and, as it starts, the propeller produces a forward force Fof 22 000 N,
The mass of the hovercraft is 25 000 kg.
Calculate the initial acceleration of the hovercraft. You may assume there is no friction. [3]
(b) Sunetimelaier,ﬁnhowmﬁmthesasteadyspeed,mdmughthefomFisunchmged.
Suggest, in terms of the forces acting on the hovercraft, why the speed is now constant. [2]
(¢) When the hovercraft is travelling at a speed of 16 m/s, the force F is switched into reverse and

the hovercraft gradually slows down. Figure shown below is a graph of the variation of speed
with time.

e

State how the graph shows that the acceleration is not constant.

The figure below shows a car moving along a horizontal road.

The car has mass 800 kg. At one point in its motion, when the combined forces of air resistance
and friction acting backwaids are 400 N, its acceleration is 1.4 m/s’.

(a) Calculate the forward driving force required to accelerate the car. 131
(b) With the engine working at constant full power, the car’s acceleration decreases as it goes faster,
Explain why this is so. (2]
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5. A block of mass 3 kg is hanging by a string from a flat wooden plank. A horizontal force pulls the
block aside and the whole system is in equilibrium when the reading in the spring balance is 40N. ||/ 1 /(L0 H /20

wooden plank

[

Draw a force diagram with a scale of 1.cm to 5N to find the tension in the string
of the string to the vertical. e

Normal
Reaction

A

.
R 3

Friction force

0.10
b
1AL

166 0.70
0.60 020
(iii) When the acceleration is 0, F is 0.23 N.

(iv) A pulling force equal to the frictional force is needed to give a zero resultant force. This
gives rise to zero acceleration, .

{c) The gradient is doubled because it represents the mass of the trolley.

(ii) gradient = =240 kg
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(a) (i) The speed of the aircraft is increasing. It is because the distance travelled every one second
is increasing.
(ii) The acceleration of the aircraft is increasing. The change of speed every one second is in-
creasing.
(b) (i) Initially, there is no air resistance acting on the parachutist in the vertical direction.

(ii) The speed increases until it reaches a constant maximum value. At 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. (3} By Newton's 2 Law,
a = F/m = 22000/25000 = 0.88 m/s*

(b) The forward force F is now equal to the frictional force acting on the hovercraft. The resultant
force is zero and the craft has no acceleration.

(c) The gradient of the speed-time graph is not a constant.

fa) M an object starts from rest, its initisl speed is zero. There @ no Iricton.
) Candiiates should take note that the fr i force with speed.

{c) Graddant ol speed-time graph repr the 4 won. Accel Y is constant only when
the gradient of the spesd-time graph is constant {straght fnel

(2) Let F; be the forward driving force
By Newtons 2 Law

F=ma
F, —400=500x 14
F,=1520N

(b) As the car goes faster, the air resistance increases. When the engine is working at constant full
m,ummhmmmmaMMMmmmm
car. Hence the car’s acreleration decreases.

a) mnmohmimm.mwmmmmhmmib
# vertical fores. For Newton's 2% Law, mass m is used but not the wesght W. Many candidates
tend 10 use the waight W = m « 10 NRg instaad of m.

Engmnmhﬂmmam&hnglm.m.wimm
mmmmmwdwm.mnuwmmw
of an object is changed during its motion. It is sn important point in Dynamics.

Scale: 1 am represents 5 N

53°

acting on the
block is 2zero.
When 3 vector
diagram is deawn,
the three forces
form 2 tnangle.
- This happens

spring balance whan there is no

4N unbalenced force
The tension in the string is 50 N. ;:g;‘:ﬁ;":

The angle of the string to the vertical is 53° the obyect.
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FORCE AND ELASTICITY

PRACTICAL 7 — RELATIONSHIP BETWEEN THE
EXTENSION PRODUCED IN A SPRING AND THE
FORCE APPLIED
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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 F
® orce (N) S (i)

50
100
150
200
250
300
350

»  Draw a graph of applied force against extension produced.

eskulu.com



4

T
T i

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

A graph of extension against force gives a straight line graph passing through the
origin.

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

eskulu.com



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

é‘llllllll;'—mm}

* 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

eskulu.com



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

Direction the ball would follow
if the string got cut

Centripetal Acceleration

~—— Direction 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.
= Asthe 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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muv?

7 =

r

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

Procedure

*  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

Note 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 7' ( = 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 | 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
and the slotted | revolutions made [ =
masses (M) (kg) | in time ¢ (N) =+ (Hz)

F enc
requency (/) (s) zp:idm;

Deduce the relationship between masses M in the hanger and the speed of
revolution v of the mass (m).

SCuUssion

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 /i /o F roguired
ta keep the body In a circular path of constant radius is directly propartional to
the SqGuare of the \'/.'f't"(/c)j revolurion. Hence

Fav

1 ANSWERS
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Examples
Example .

ASkgmassmovesatmxfonnspeedofl8m/smacmﬂarpathofmdms°5m
Calculate the centripetal force acting on the mass.

Salnuon
Centripetal force, ' =m "7’

._5>< 5

=3240N

Example
A car of mass 1 200 kg has to make a circular 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 X
_ 1200 x 107
30

=4 000N

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




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

[Q] The diagram shows a light rod with two weights hanging from it

about any point is equal to Joem  sm
. . )
the sum of anticlockwise @ o [iTJ
moments abOUt the same A third weight is to be added to bring the system into equilibrium so that the rod is balanced.
oint What weight is required and where should it be placed?
p ' weight position ]
A|IN 2 m to the left of the pivot
IB |[IN 3m to the right of the pivot
C |2N 1 m to the left of the pivot
D [2N 1t to the right of the pivot ‘

|Ans] D Before the additional weight is added,
anticlockwise moment =55 % 0.6 = 33 Nm
clockwize moment = 1 x 1.3 < 1.3 Nm

For the light rod to be in equilibrium, we need a clockwise moment of 2.0 Nm from
the additional weight. It should be placed on right hand side of the pivot.
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IlQ]Thediagnmshowsallgmrodwuh!wowdnghmg'nghumﬂ.

06m 1.3m

Fa)
plvot

55N

What weight is required and where should it be placed?

weight position
A |IN 2 m to the left of the pivot
B [IN 3 m to the right of the pivot
C |2N 1 m to the left of the pivot
D |2N 1 m to the right of the pivot

[Ans] D Before the additional weight is added,
anticlockwise moment =55 x 0.6 = 33 Nm
clockwise moment =1 x 1.3 =13Nm

N

A third weight is to be added to bring the system into equilibrium so that the rod is balanced.

For the light rod to be in equilibrium, we need a clockwise moment of 2.0 Nm from
the additional weight. It should be placed on right hand side of the pivot.

OTES. PAST PAPERS WITH ANSWERS

PRACTICAL 9 — FIND MASS USING THE

PRINCIPLE OF MOMENTS.

eskulu.com H



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

Apparatus

*«  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. '

e 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. '

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) x GB,
mx GA = M x GB, (g cancels out)
M x GB
m=———
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 force the operator exerts at
the handle H at the end of the lifting bar. The centre of gravity of the lifting bar is at P.

1.5m 0.3m

—_
- H I/ P

o
g lifting bar

pivot P

®) 5 weight

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

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

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

(d) State, with a reason in each case, why the device is designed so that the bar PH is 1.5m long
rather than

(i) 03m, )
(ii) about 5.0 m. [2]
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(a) Explain what is meant by the moment of a force. Write down a unit in which it can be measured.
[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.

counter-weight M

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

Fig. 3.1 below s
One
2.
The cross, labelled C, shows the position of the centre of mass of the pole in each diagram.

wire M wire ”
ﬁ\ xC I3

Fig. 3.1 Fig. 3.2

(a) (i) On Fig. 3.1, draw an arrow to show the direction of weight of the pole with the arrow starting
the point at which the weight acts.

(i) In Fig. 3.2, the pole is balanced by force F and two more forces. On Fig, 3.2, draw arrows
to show the positions and directions of these two forces. (3]

(b) Force F is now taken away. State and explain what will happen to the pole as soon as force
F is taken away. [2]

The diagram shows a cross-section through the centre of a triangular prism. G shows the position
of the centre of mass of the prism.

r

The prism is laid on one of its rectangular faces on a horizontal table, On which side, PQ or QR
or RP, should the prism be placed for maximum stability? State your reasons for your answer.
(2]

ISWERS
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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. 5.1
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 forces
acting on the leg,

centre of gravity
of leg in plaster ::’I"’ v’:t‘)m centre of gravity

hlp ldn‘ _ N )r"‘lMMuWWMMM.‘

Fig. 5.2
Calculate the force F needed to keep the leg in a horizontal position,

SOLUTIONS

moment aboul pivol I,

anticlockwise moment = clockwise moment
Fal5=060%10x03
Fwl20N

(b) Force needed to lift the mass = weight = 60 « 10 = 600N
Work done = farce = distance

600 %012
=72)

(¢} Power = work done / time
=72/4
18w

Power developed by the operator must be greater than the calculated value bocause there is some
energy lost due to friction In the machine.

(d) () 1 PH s 0.3m, the force required to fift the mass Is equal to the welght. The 60 kg masa
may not be lifted because a greater force is needed.

() 1f PH Is 5.0m, it will be easler to lift the weight as a smaller force is required. However

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

The unit for moment is Nm.
(b) Taking moment about pivot P,
anticlockwise moment = clockwise moment

Wx04=200x24
W=1200N
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(b) The pole will start to rotate in clockwise direction because there is a net dlockwise moment
produced by the remaining two forces.

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

Candidates should reaiisa that the stability increases with a lower centre ol mass and a larger
bese area,

5. (a) Position C. *

The perpendicular distance between the line of action of the force from the pivot is the greatest
in position C. '

(o) When the leg is kept in a horizontal position, it is in equilibrium.
Taking moment about the hip joint (pivot),

Fx(34.+36)=120x 34
F=5IN

(8] Momem = force x perpendicular distance
Position C has the greatest moment as the perpendicular distance is the longest,
Pesition A has zero moment as the perpendicular distance is zero.
Position B has a moment produced but |ess than that in position C,

(b} The leg 's not turning so the principle of moment can be appliad.

canuiu.LuIn “



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 being pulled up an earth slope from X to Y, How much work
is done against friction?

welght of log
BO0ON

A 6000 ) B 9600 ) C 50000 ) D 80000 J

[Ana] € Wark done against friction = friction x distance moved
« 1000 « 50
w 50000 ]
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more examples...

A force of 40 N is applied on a body, Thcbodymoveslhoﬁmmdhamdl
’im.Calculmtllewmkdoncondwbody

Wark done = F = d
“ 40N *7m =280J

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

%g" Fig. 13.4
If the taeklsinclmzd at an angle of 20°, calculate the:
(%) helxht of the platform,

(1) work done by the force of 130 N.

fé) ~work done, if the box was lifted vertically upwards. Comment on the answer
~in part (b and (c).

(d) frictional force between the box and the track.

Salution.
() sin20° = .-l-;— (Fig. 13.4) (b} Work done by the force of 130N
" h =sin20°x 14m W=Fxx
. =479m, =(130 * 14) Nm
=1820) |
?‘} Workdonemhﬁmgthebox {d) Total work = work done by the
W==Welght ofbox < work done against friction

=1820-1437=1383)
383J=f xx=f x 14m

£ = _383J =274N
(fxsfmceofﬁlcnon)

‘ =30kg°< 10 N/kg x4.79 m
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PRACTICAL 10 — WORK DONE IN STRETCHING
A SPRING

\pparatus

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

Procedure

* Measure the original length of a spring when no mass is hung from 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.

DI
1 an

1]

;.-,..‘
g
8

5 -

(IR
TR

Table 13.1
Weight (N) |Extension (cm)

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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work done = average force applied x extension

_ O0XxF Lad |
> x; > Fe
= area under the graph

Therefore F
(N

work done = area under the graph

AB x OB

- o
- 4 4

(EHE RN v
G 108 A 80 004 0 190 0 1 0 1 06 B o
Fe 0 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
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Forms of Energy

Chemical Energy

Electrical Energy

Mechanical Energy
1. Kinetic Energy
2. Potential Energy
i. Gravitational Potential
Energy
ii. Elastic Potential Energy

Nuclear Energy

COMMON EXAMPLE

Fuels(oil, coal, petrol), electric cells,
food, explosives

The energy associated with the current
in electric motors, heaters, electrical
appliances etc.

All objects in motion have Kinetic
Energy.

Raised bodies have Gravitational
Potential Energy.

Compressed or Stretched material has
Elastic Potential Energy.

The energy released from nuclear
reactions like fission and fusion.

[Q] Which example best illustrates the conversion of electrical energy to chemical energy?

A  melting a fuse

B charging an accumulator
C starting a car
D

generating hydro-electric power

[Ans] B Charging an accumulator is to convert the electrical energy from the power source
to the chemical energy stored inside the accumulator.

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 of 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 energy and  the final velocity of the body.

s =t _l,—ur: but u = 0. Therefore 5= % at?
FromF=ma ; a = 25 o 2.1 m/s?
12
s=1 216 =378m
Work done = F = d Kinetic energy= work done
=25x378 = 945 ]
. =945
i
5 mv*s= _45
45
] 94.1; 2
=12.6m'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]Ap@duhxmbobofmmnuamd\edbaﬁghtsuﬁlg,iuﬂmsedkomusutahdghi
h above its lowest point. The speed of the bob at its lowest point is .

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

A zero C }md
B mgh D md

[Ans] A At the highest point, the bob is momentarily at rest ‘and so the kinetic energy
is zero.

Kinetic energy is the energy of mation, Thers is no kinatic energy if the object
is at rest, It is potential energy at 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.
() the P.E at the height in (a). (Take g = 10m/s?)

salution
(n) v?=u?+2as () PE = mgh;s=nh
=%
0 =u?-2gs e A0 w1080
o 1000
2 40x40 = 87

Example 13.4

Acrane1susedtohﬁabodyofmass30kgthroughavemcaldnstanceofGOm.
(1) How much work is done on the body?

(h) What is the P.E stored in the body?

() Comment on the two answers.

Solution

(n) Workdone=Fxd= mgxd=30x10x6=300%x6=1800J
() PE=mgh=300x6=1800J

(¢} 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

PE. () {KE=0

{

{1: PE=KE

cliff ——

PE=0

ol

= 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.

ground

Example
Q] A car accelerates up a hill. What happens to its kinetic energy and to its potential energy?

kinetic energy | potential energy
decreases increases
increases decreases

increases

unchanged |  decreases

T Nn|=|»

[Ans] C The speed of the car increases and so the kinetic energy is increasing. Accelerating
up a hill implies an increase in vertical height and so the potential 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=,12gh
v=,ﬁ x 10 %20
v=,’400

=20 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: M.E=P.E + 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

Exampie 13.14

Coal of mass 2 kg was used as a fuel in the bakery. If all the coal was burned,
calculate the total output energy that was made available. Take ¢ =3 x 10 m/s

Solution
E =mc’
=2 x(3x10%
=18x10"7]

Examplie 13.11

In a chemical reaction, it was found that 2.7 x 10" J of energy was dissipated.
Calculate the mass of the substance that was used in the reaction.

Solution

Fl'Om E: mcl’ E: 2.7 % 1019 J, c= 3.0 » 105
) 19
Therefore m = £ L 27x107)
¢ (3.0 x 1057
=300 kg

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)
time taken (in s)

Power =

Energy converted (inj )
time taken (in s)

or Power =
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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.

[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)
A 2_(}0x10x4w c 200x10w
5x24
B A200>dO>~'_§ W D 200 x5 W
24 % 60 x 60 24 % 60

[Ans] B PowerP= E

t
P=F><s-

t
_200x10x§
24 x 60 x 60

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 = 111;1_: 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.

Load Pivot
Effort
Effort — Load

(a) Crowbar (b) Scissors
Effort
Load Pivot
Load Effort
= Pivot (a) Wheatiarrow

(c) Claw hammer (d) Pliers

Effort
| Load
(
‘|-— Pivot i
Pivot EfJon
(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).
750 N @-A™ 250 N
Fig 4.7

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

Comment on your answer. (Assuming no energy loss)

(b) Bottle openar
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1 1 th incipl f t loci tio= M
applying the principle of moments velocity ratio = ———rer s

750x =250(2-x)

750x = 500250 - &=

1000x =500 =3
x =0.5 m from the end with 750 N.
M.A
. mechanical advantage = ;_:-—g 1 efficiency = VR 100%= % % 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.

C

k.
)
& I

\ 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
«  Atrolley + 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
ight, 4, and the load are kept constant.
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Friction compensated
slope of length /.

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

Effot E(N)  |Length/ | Mechanical advantage = -}I;-

Discussion

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 i.e.
El = Lh.

TR,
But mgh is a constant

Ea—l-.
!

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

Effort

VelocitV ratio displacement of ef fort
crocttyTatio = 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 Effort gear
E'I?I;SS'” (output) (Input) Load gear (output)
() Velocity ratio is less than 1 (V.R < 1) (b) Velocity ratio is greater than 1 (V.R > 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)

Velocit tio =
etocityratto number of teeth on the driving wheel (ef fort)
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A bicycle has a driving gear wheel of radius 10 em with 24 teeth, The driven rear
wheel has a radius of 40 cm mount on a rear gear with § teeth determine:

(w1t the velocity ratio for the gear wheel system,
(11} the mechanical advantage,
(i efficiency.
(0} What is the effect of increasing the
(') number of teeth on the driving wheel,
(11} radius of the driven wheel,

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

Salutian

number of teeth on the driven wheel
number of teeth on the driving wheel

(n) () wvelocity ratio =

- &
24
” l—
3
. _ Radius of the driving wheel
(11 Mechanical advantage B livee of to i va Wheot
R 10
- —m — ()25
40
, ) mechanical advantage .25
(1l efficiency = velocity ratio 2 * 100% = 75%
3
(1) (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

Fixed point ¥

Piston A; Piston A

e fd,

-

Liquid ~p=—

-

= 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 d,. 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>
d1 . AZ . T[RZ RZ

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

(" the force, F,, exerted on the liquid at A.
07 velocity ratio.
©' maximum load that could be raised at B.

Solution

) By the principle of levers, . Velocity ratio =

1l

load = load arm = effort > effort arm.

280 N ‘>|~>

F,x6cm =60N x30cm

- 60 %30
Sl

= 300N
| Pressure at A = pressure at B

Load
12 x 10

300
Pressure at A = Ix109 Pa ; Pressureat B = Pa.

" Tax104  4x107
12 % 300

Load = =900N

Alternatively;
F
MA = 'F:'
assuming perfect machine;
MA = VR
L
300
L= 900N
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CHALLENGING QUESTIONS- 6

[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)

* 200x10x4w 200x10w
5 5x24

200x10)t5w 200 x5
24 x 60 x 60 24 % 60

[Ans] B PowerP =%

P_Fxs

t
=200><10x5
24 x 60 x 60

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

C

(a) (1) State at which point A, B, C or D the ball travels the slowest.

(i) Explain your choice in (i). You should write about the kinetic energy and the potential energy
of the ball. (3]

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

(i) the weight of the ball,
(i) the speed of the ball at point A. [4]
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Fig. 4.1 shows a wind turbine used to produce electricity. The turbine blades are turned by the wind
and are connected 10 an electrical generator.

electrical generator
turbine blade turbine biade
@
wind turbine

Fig. 41 Fig. 4.2
{a) Energy can be converted from one form into another.
(i) State the useful energy transformations that occur during the operation of a wind turbine.
(i) Describe briefly why more energy is produced per second if
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. 4.2. In 60 s a volume of 540 000 m’
of air travelling at a speed of 6.0 m/s is incident at right angles on that circle. The density of
air is 1.2 kg/m’.

Calculate

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

(iii) the maximum input power available to the wind turbine.

5. The graph shows the variation with time of the speed of a car as it travels along a leve! road, The
car brakes when the lime t =20 s, and comes to rest when t =24 5.

The car has a mass of 800 kg and the forward driving force on the wheels Is 1200 N,

spoed 3
18
™s g
14

12

10

8

\

0 2 46 B1012141618202224
ts

(a) For the first 20 s of the motion shown in the graph
calculate

(1) the distance travelled,
(i) the work done by the driving force,
(iii) the power supplied by the driving force. [6]
(i) Calculate the kinetic energy of the car while it is travelling at the constant top speed.
(ii) When the car is travelling at a constant speed there is no change in its kinetic energy,
1. Explain why the car engine is needed to maintain this constant speed.
2. Suggest what happens to the energy that is provided by the engine. 151

During braking the speed of the car decreases uniformly. The engine no longer provides a driving
force.

(i) Calculate the deceleration of the car between t =205 and t =245,
(it) Calculate the total braking force acting on the car during this period.

(iii) Explain why the power dissipated in the brakes to slow the car is greater at the beginning
of the braking period than at the end. [4]

WITH ANSWERS
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SOLUTIONS

1. {(a) (i) Work done by a force is the magnitude of the force multiplied by the distance moved in
the direction of the force.
SI unit of work done: Joule
Symbol: )
(ii) Power is the rate at which work is done.
SI unit of power: Watt
Symbol: W

(b) (i) gain in P.E. =mgh (i) Useful power =
=60x100x40
=2400 )

2. (@) (1) (i)

(b) (i) The car decelerates and the speed of the car decreases.
(ii) The acceleration of the car decreases.

(¢) (i) Work done against friction = friction force x distance moved by the car
=011x090
=0099]

(i) By conservation of energy,
P.E. at the top + K.E. at the top = P.E. at the bottom + K.E. at the bottom + work done
against friction
P.E. loss + K.E, at the top = K.E. at the bottom + work done against friction
KE. at the bottom =P.E. loss + K.E. at the top — work done against friction

=0.50 4030~ 0099
«0701]
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3. (a) @) C

(ii) As the ball moves upwards, its kinetic energy is converted to potential energy. At point C,
ﬂleballxsatltshighestpmnt.‘memfommpotenﬁalenergyisthemmnmumandnsldneﬁc
energy is the minimum. The ball is slowest in speed.

1
Weight W = ii) K.E=—mv?
(b) (i) Weigh =g§bx10 (ii) i

=20N e ,&
m

2x25

J 020

=50m/s

|

4. (a) (i) Kinetic energy of the wind is converted to kinetic energy of the turbine whlchlsﬁnally
converted to electrical energy.

(i) 1. mehubinemnwfaaherandthusmomhneucenergyxsconvetbedwdecmdmgy
per second.
2. The mass of air passing through the turbine per second increases.
3. If the turbine is more efficient, more kinetic energy of the wind is converted to electrical
energy.
(iii) Nuclear energy from a nuclear reactor in the nuclear power station is converted to electrical
energy. : '

(b) (i) mass =density xvolume (ii) K.E. =.;. mv? (iff) Power = 8L
=12 x 540000 1 ltu7ne :
=648x10° kg = x648x10° x 6* _117x10

’ -

- 60
=117x107 | =195x10° W
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(a) (i) distance travelled = area under the graph
=15x20
=300 m

(ii) work done = force x distance travelled
=1200 = 300

(b) (i) kinetic energy =%mv2

s--;-xSOOxlS2
=90000 )

(i) 1. The car engine is needed to maintain the constant speed because energy is required to
overcome friction and air resistance.

2. The energy provided by the engine is converted to internal energy.
(© @ a="—
0-15

4
=-375m/s’

deceleration of the car = 3.75 m/s?

(ii) total braking force =ma
=800x 375
= 3000 N

(iii) The loss in kinetic energy at the beginning is larger than the loss in kinetic energy towards
the end of the car’s journey.
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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 g/cm® has dimensions 10 cm x 40 cm
* 30 cm. The block rests on a horizontal flat surface. Calculate the:

nmmimum pressure, maximum pressure it can exert.

7} For minimum pressure, the area must be maximum
© Maximumarea = (40 x 30)cm® = | 200 em® = 0.12 m?
‘Density of block = 2.5 g/em’
Volume of block = 10 = 40 = 30
=1 200 cm’
Mass = density * volume
=(25%1200)g = 3000¢
= 3kg
‘Weight = mass « pull of gravity
= 3kgx 10 Nkg
= 30N
$ Force
Minimum pressure = Area (maximum)
30N

= om - oM

o) Formhmmmthemoomidemdmmbeminknum
Minimum area = (10 x 30) em* = 300 cm®
= 0,03 m*

Force
Area (minimum
30N
003 m*
= 1000 Pa

Maximum pressure ™

eskulu.com 119



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
_mg
P= A
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 c ' D

W ( 2.0g/em® W ( 1.6g/cm® ( 0.7 g/em?®

40cm

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

A 20000 Pa :\
80000 Pa
2 120000 Pa %
D 180000 Pa | é
Z R
70 77

[Ans] B Pressure at X =(h~- -2—) of atmospheric pressure = —;—(100000) = 80000 Pa

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

HYDRAULIC PRESS

It uses the principle of transmission of pressure.

pivot

reservoir—

WTITLIYH
l
|
|
-]
|
|
[
I
1%
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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 cm?. A force of 2 N is applied on the smaller piston. Find the force

produced at the larger piston.

Solution
Force on large piston Area of large piston

Force on small piston Area of small piston

Force on large piston 18 cm?
2N 3.0 cm?
: 18 cm?
. = X
Force on large piston 2N 3.0 ot
= I2N.

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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= 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.

= 1atmis 760 mmHg or 76 cmHg

= Hgis Mercury.

[Q] The diagram shows a simple mercury barometgr. Which of the following does not cause
the height of the mercury column to vary?

A changes in the atmospheric pressure

B changes in the value of g .
C evaporation of mercury from the barometer height of
reservoir mercury
column
D leakage of air into the tube fmercury

resenvoir

[Ans] C Atmospheric pressure = density of mercury x g x heiéht of mercury column. The
height of the mercury column therefore would decrease if atmospheric pressure decreases
or if g increases or if there is a leakage of air into 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.

p— gas
supply
container
Y X
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 = PO + 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.

b
to tyre
;0.69 m
i -
Fig. 15.25
Calculate the pressure of the gas.

Salution
From P, =P +hpg
P. =PA_h'pg |
=1.02 x 10°Pa— 0.69 m x 13 600 kg/m* x 10 N/kg
=1.02 x 10° - 93 840 Pa
=8 160 Pa
. The pressure of the gas used to 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 x 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.

Solution

() Weight in air = mg

=27%x10*x 10
=27%x 10N
(7). Volume of water displaced = volume of the block
=0.9 m*
Weight of water displaced = Vpg = 0.9 x 1.03 x 10° x 10
=927 x10°N
Upthrust = weight of water displaced
=927 x 10°N
upthrust = W, — W, .,

S Wigua = W, — upthrust
=(27 x 10°) - (9.27 x 10°)
=17.73 x 10®°N
=177 x 10°N
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CHALLENGING QUESTIONS -8

1. ﬂmﬁgurebelow;!wwsapieceofghssbeingﬁﬁedbyasucﬁonmp.

handle
suction to vacuum
cup ¥ pump
partial
vacuum
glass rubber seal
= 3

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 0.0025 m? The pressure inside the cup is reduced to
60000 Pa. Atmospheric pressure outside is 100000 Pa.

(a) (i) 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. [2]

{

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 10.0 N.

P Q

Using the data given in the figure, determine
(a) the atmospheric pressure, in Pa, at the time, [3]
(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 used to measure the pressure ot
the atmosphere.

+———vacuum
—— maercury

§——tube

Y,

(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 pressure
increases. 3]

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

load
X pivot
o=
piston Q

pressure : P
oil area 20cm? a
reservolr

slave cylinder
valve B

master
valve A tap
cyfinder (usually
closed)

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

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

(i) Calculate the pressure, in N/cm?, exerted by piston P on the oil.

(ii) State the value of the pressure in the slave cylinder. ‘

(iii) Calculate the force exerted by the oil on piston Q. [5]
(b) Piston P moves down 5cm. ;

(i) Calculate the volume of oil that moves out of the master cylinder.

(ii) Calculate the distance that piston Q rises. [2]
(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. 2

(d) State why oil and not air is used in the hydraulic press. 1]
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SOLUTIONS

Force
Area

1. (a) (i) Pressure =

(ii) Greatest weight of glass = greatest force produced by the pressure difference
= pressure x area
= (100000 - 60000) x 0.0025
=100N

(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 L 5>

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

(i} Greatest weight of glass 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
the air below the glass as it is partial vacuum. The pressure balow the glass is atmospheric
pressure.

{b) Force = pressure x area,

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

2. (a) Atmospheric pressure =pgh
=(135xlo’)xwox(%)
=1.02x10° Pa

(b) Air pressure at the top of tube Q + 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 x 10° Pa- (136 10’)x1aox(%‘;-)
=204 x10* Pa
Examlip 15~

{a) (b) The consistency of units is important for this question. The height of the mercury is usually
expressed in cm. It is compulsory for the candidates to convert it to m.
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(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 15~ .
{il  The 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 mercury column inside tha tube is due to the atmospheric pressure, When atmospheric
pressure is changed, the height of the mercury column will change accordingly.

4 (2) () Pressure = =-3;°—°=15N/cm’

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

(ii) Distance moved by piston Q = % = 025¢em
(c) Valve A: open

Valve B: close

Piston Q: remain stationary
(d) Oil is incompressible whereas air is compressible.

ExamTip 1=

fa) fii) Pressure is transmitted to piston Q through the oil. If the oil is incompressible, the pressure
at piston Q is same as the pressure at piston P.

(b) The volume of oil moving out of the master cylinder must be equal to the volume of oil
maving into the slave cylinder.

(¢) 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 when X is lifted.
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