Pressure

What are liquid pressure, atmospheric
pressure and gas pressure?
What is the effect of the changes in
pressure In the sea and atmospheric
pressure on human beings?
! % | Howls Pascal's principle applied in
daily life?
-:WEM:HMH principle used in
55 “the buoyancy of ships?

How Is Bernoulli's principle used in the
field of aviation?
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Infonmation lm
=

A high spirit of inquiry has driven human beings to explore
deep Into the ocean. A deep sea vehicle Is a sea vehicle that
can carry people to explore the bottom of the ocean.
Limiting Factor is the name of one such deep sea
vehicle, It can cary two explorers and can dive to a depth
of 11 000 metres below sea bevel. At this level of depth,
the pressure on the deep sea vehicle is mare than one
thousand times the pressure at sea level. The body of this
structure that can withstand this extreme
pressure in the cabin is alwa virodled 5o
that the cabin can accommodate the explorers.

‘the Cha

Thie motion of a deep sea vehicle imaolves the concept
of buoyant force, Atmospheric pressune as well as water
pressure at extreme depth is taken into consideration

in the design and construction of deep sea vehiches.
Underst g of the effect of water pressure at extreme
depths enables the preparation for expeditions to the
battom of the sea, the construction of the equipment
used, as well as precautions to be taken when working in
high pressure environment.

i Lens

Remotely controlled deep sea vehicles have the potentlal to
be used in the maintenance of undersea cables and the mining
of minerals at the seabed. The engineering technology used
in the development of deep sea vehicles has the potential to
inspire the construction of cities under the sea in the future,




Photograph 2.1 shows water hﬂlﬁ
released from a dam. The outlet
dam is near the base of the dam. §
does the water shoot out at high s
Why is the outlet constructed near tf
base of the dam? What are the fact
that affect water pressure?

Aim: To derive the formula P = hpog from the formulae P = % and p = %

Instructions: '
1. Carry oul this activity in pairs,

2. Consider a lguid column with height, i and base
area, A in a container filled with the liquid as
shown in Figure 2.1.

3. Fill in the blanks 1o derive the formula for
ligguid pressure, o

~b— Liguid with
density, o

Liguid colmmn

L el
o pivmn e

B

Figure 2.1
Volume of liquid column, ¥ = :] [Volumse = base area » heighi]

Mass of liguid column, m = [: [Mass = volume = density]

Weight of liguid column, W = [: [Weight = mass » gravitational acceleration]

of column
Pressure af the base of [Pressure = M....-..'
liquid column, P D icut

Diseussion: The pressure at tha base of 3
: bk liquid column & caused by Fe
State three factors thit affect liquid pressure. ight cf tho bquid

%’3’% B 1



Liquid pressure is calculated using the following formula,

P =hpy
e = duth o igid (TCY GALLERY
I = depth of liquid
p = density of liquid Liqud pressure-doss ol

depand on s mass, volume,

& = gravitational acceleration sevrpiin

The 5.1, unit for pressure, P is pascal (Pa)
I1Pa=1Mm?orl kgm's?

Factors Affecting Liquid Pressure

f"@f Exporiment 3|

Inference: Pressure in a lguid depends on the depth of the liguid

Hypothesis: The greater the depth of the liquid, the higher the pressure in the liquid

Aim: To study the relationship between the depth of the liquid and the pressure in the liguid

Variables:

() Manipulated: Depth of the liguid,

{b) Responding: Pressure in the liguid, represented by the difference in height of the water

columns, £ between the two water levels in the U-ube

(¢} Constant: Density of the liguid

Apparatus: 500 ml measuring cylinder, silicone tube, thistle funnel with its mouth closed by a
thin sheet of rubber, U-tube, two half-metre mile and retort stand

Muterials: Water and food colouring

Proceduare:

I 5S¢t up the apparstus as shown in Lo
Figure 2.2. Initially, the thisile funng|  Sifieone ube —
is outside the measuring cyvlinder and
the levels of water in both arms of
the U-tube is the same,

2, Immerse the thistle Tunnel ino the
mesuring cvlinder until the depth,
h=40cm,

3. Determine the difference in height of

Measuring —]
cylinder

waler columns, 2 between the two ;_"’iﬂ'-‘ —'g
waler evels in the U-tube, 1 J
4. Repeat steps 2 and 3 for depths, mlz-ﬂ —

h=8.0cm, 120 cm, 160 cm
and 2000 cm. Water
Record the difference in height of
the water columns, £2 in Tahle 2.1,

5
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Results: =
Table 2.1 Let’s cﬁ'ﬂ_

; Difference in height of water The effact of dept by
Depth of water, It [ cm B Die prEssyne can be studied by
columns, I} / em sing a plastc bottle.

4.0 =
Water
8.0
Maski
12.0 tipe e I Huslee
6.0
0.0
After the bolthe has been Sled
Data analvsis: with wialer, the masking tape is
Plot the graph of [ against b, removed, The spurt distance of
: water from the theee holes wal
Conclusion: shaw the relationship betwean
What conclusion can be drawn from this experiment? waler pressure and depth,

Prepare a complete report Tor this experiment.
Dhiseussion:
1. What is the relationship between water pressure and depth of the water?

2. Swate one precaution for this experiment.

Inference: The pressure in a liquid depends on the density of the liquid

Hypothesis: The higher the density of the liquid, the higher the pressure in the liquid

Aim: To study the relationship between density of the liquid and the pressure in the liguid

Variahles:

(a) Manipulated: Density of the liguid, p

(b} Responding: Pressure in the liquid, represented by the difference in height of the water
columns, £ between the two water levels in the U-tube.

(e} Constant: Depth of the liguid

Apparatus: Half-metre rule, three 600 ml beakers, U-tube, silicone tube, thistle funnel with its
mouth eovered by a thin sheet of ubber, and retort stand

Materinls: Masking tape. water, alcohol and glycerine

Procedure:

1. Mark all the beakers 2 cm from the base with masking tape.

2. Set up the apparatus as shown in Figure 2.3,

[! 42; B 22
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=== Kiltcone tube

b |
Thistle — Helor Waler Gilyeerine
Tumnel staiid
— U-ube
-\.

Fuhber
mer |( ) |
Abcohl i
Muark _J

HI.'-i..ﬂ;Erﬂ Hl.-uj..cr.;l Hd:';k;f

Figere 2.3

3. Bring the mouth of the thistle Tunnel near to the surface of the alcohod in beaker A, Slowly
immerse the thistle funnel venically into the aloohol until the mouth of the thistle funnel is ot
thie same level as the mark.

4. Determine the difference in height of the water columns, £ between the two water levels in the
Ul-tube, Then, remove the thistle funnel and dry it

5. Repeat steps 3 and 4 for beaker B and beaker C,

Record the difference in height of the water columns, £ in Table 2.2,

e

Results:

Beaker Type of liguid Density of lguid, p / kg m**
A Alcohol 790
Water 1 000
Glycerine 1 300

Data analysis:
Relate the difference in height of the water columns in the U-tube to the density of the liguid.

Conclusion:
What conclusion can be drywn from this experiment?
Prepare a complete report for this experiment.

Discussion:

1. Why is the method in Let's Try in page 42 not suitable wo study the relationship between density
and pressure inoa liquid?

2. Why is mercury nol suitable as the liquid in the U-tube?

B a2 M;
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o Activity £77

Adm: To show that eross-sectional area and the shape of a column do not affect pressure in liguids
Apparatus: Liquid level apparatus (any shape)
Muterials: Water and food colouring

Instructions:

1. Pisce an empey liguid level apparmitus on
the horizontal surface of o table as shown in
Figure 2.4,

2. Pour coloured water into the apparatus wntil
almost full.

3. Observe the height of the water level in cach
column,

[ ]
IHscussion: Figure 2.4
1. Compare the height of the water level in each column.
2. Discuss whether the pressure in a liquid is affected by the cross-sectional area and the
shape of the columns.

Based on the observation in Activity 2.2, the height of water levels in the different columns
are the same. This means that cross-sectional area and the shapes of the column do not affect
pressure in liguids,

Figure 2.5, shows water spurting out of all three

holes at the same level of the plastic bottle has the same gt e TR
horizontal spurt distance,

This observation shows that pressure at a point in a
liquid acts in all directions. Points at the same level
have the same pressure.

BRIGHTILY

Points at the same kevel i a slatic
T B hee s2ma présssur,
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Figure 2.6 shows a
Li-tube filled with liguid
X. Then it is added with
liquid ¥ which does not
mix with liquid X_ This
apparatus can be used to
compare the densities of
two immiscible liguids, i

Lapand ¥

Licusd X

Figure 2.6 A U-iube filled wieh S X and Dguig ¥
Ligquid pressure at point A, P, = h p, g where p = density of liquid X
Liquid pressure at point B, P, = b, p, g, where p, = density of liquid ¥
Since points A and B are at the same level and both liquids are static,
pressure at point A = pressure at point B
p1 m P
hpg=hpg
Therefore, b, p, = h, p,
The values of b and I, can be measured with a metre rule. If the density of liquid X, p, s
known, the density of liquid ¥, p, can be caloulated and vice versa.

Solving Problems Involving Pressure in Liquids

The formula = hipg is used 1o calculate the pressure at a depth Al sea Uyel, Stwocpliedc pevami
i a liguid. The surface of the liguid also experiences pressure,
Therefore, the actual pressure experienced by an object in a
liquid is caleulated with the following formula,

has a value of about 100 000 Pa,
or 100 kPa,

Actual pressure =

fpg + P, where P, = atmospheric pressure

Exampie K

Figure 2.7 shows a fish is at a depth of 1.5 m in an
o aquarium. The density of water in the aquariom is
1 050 kg m* and atmospheric pressure is 100 kPa.
[Gravitational acceleration, g = 9.81 m 5|
{a) What is the pressure experienced by the fish
cansed by the water around it?

(b) Calculate the actual pressure acting on the fish,

B 22 213




(a) | Step 1: Step 2 Step 3:

Step 4:

Identify the Identify the Identify the formula  Solve the problem
problem information given that can be used numerically

@ Pressure on the fish, P @ FP=hpg

_ ﬂ P =.h_pﬂ
@ Depth of the fish, i = 1.5 m TS T i

Density of aquarium water, p = 1 050 kg m™
Gravitational acceleration, g = 9.81 m 57

(b} Atmospheric pressure, P = 100 kPa
Actual pressure =hpg + P

= 15.5 + 100

=115.5kPa

‘Exampie F
Figure 2.8 shows a U-tube filled with water and olive oil.

. The density of water is 1 000 kg m™. Calculate the density
of alive oil.

Density of olive oil, p,
Height of water column, b = 15.0 cm
Density of water, p, = 1 000 kg m™
Height of olive oil column, h, = 16.5 cm
hpg=hpg
hp, = hyp,
150 = 1000 = 16.5 x p,
fim 15.0 = 1 (00

: 16.5
= 909.1 kg m™’

Eﬁ%ﬁ

15 450.8 Pa
15,5 kPa

WAL e

] 16.5 em
150 t'mI

Olive odl

Figure 2.8

B 21



Applications of Pressure in Liquids in Our Lives
Position of water tank in the house

+ A water tank is usually placed in the space
between the ceiling and the rool.

« The difference in height between the water
bevel in the tank and the water tap prodisces
o high water pressure at the tap.

« Water flows at high speed when the tap is
turned on,

Tank ot the top
af the house

Position of intravenons lguid

= A bag of intravenous liquid is placed at a position
higher than the body of o patient.

+ The pressure due to the difference in height of the
liquid columns will push the intravenous liquid
into the bady of the patient,

+ ‘The rate of flow of intravenous liguid into the
patient’s body depends on the height of the bag
and can be controlled by the adjuster.

Construction of a dam

« The wall of & dam is built thicker at the base
of the dam because water pressure increases
with depth.

= The thicker section of the dam is able 1o
withstand the high water pressure.

+ The penstock is at the lower section so that the
high water pressure will produce a fast flow of
water 1o drive the turbines.

il Pensiock

Use of the siphon

= A siphon is used to transfer water from a
higher region to a lower reglon.

+ One end of the wbe that is flled with water is
placed in the tank of water at a higher position
while the other end is placed at a lower position.

+ The flow of water from end [ produces
a region of lower pressure at point B.
Atmospheric pressure pushes water into the
tube at A.

Figure 2.9 Applications of pressury in Uguids i dadly Hife

B 24 g@
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A simple siphon consists of a flexible tube. Liquid can be transferred out continuously from
a reservoir for a period of time without the use of electrical power. What are the factors that
affect the rate of transfer of liquid using a siphon?

& 23 J sTEM J 5 [ ics
Adm: To conduct o stsdy 1o determine the highest re of transfer of lquid using a siphon
Instructions:

1. Carry oul this activity in small growps,

2, Gather information on the siphon through reading materials or
websites for the following aspects:
() characteristics of a siphon
() factors thid affect the mte of transfer of liguid
{c} the method in determining the mie of transfer of Higuid by
a saphon
3. Discuss the informstion required and complete the K-W-L Dita

Stratcgy Form. T OO0E0R Info.

dntrp i f T S

4. Plan and carmy oul an experimeent (o stisdy how the Fsctors The rate of transter of kquid can
identified in 2(b) affect the mte of transfer of liguid. be defined as the volume of liqud
5. Suggest a design for the siphon and the method of using the s
siphon that will transfer water i the highest mle of imnsfer., miﬂm”"*”' Lin
& " B
6, onstnKt the siphon following the suggested design and t1est Vi the ofbquid
out the siphon. forrad i tine. L
7. Suggest improvements that can be made.

8. Present the design of vour siphod,

| 1. State three factors that affect the pressure in a liquid.
| 2. What is the water pressure at a depth of 24 m in a lake? ¥
[Density of water, p = 1 000 kg m™ and gravitational acceleration, g = .81 m 57

3. A diver dives to a depth of 35 m in the sea, What is the actual pressure acting on
his bady? @
[Density of sea water, p = 1 060 kg m™, gravitational acceleration, g = 9.81 m s~ and
atmospheric pressure = 100 kPa)

o o



Atmospheric Press

Photograph 2.2 shows a glass sheet lifted
large rubber suckers. How is atmospheric a
pressure applied in the use of the rubber suckersi
Atmaospheric pressure is the pressure due
to the weight of the layer of air acting on the
surface of the earth. The earth is surrounded by
a thick layer of air consisting of various types of
gases. This layer of air has weight and exertsa
pressure on the surface of the earth as well as all
objects on it. Therefore, all objects on the surface
of the earth experience atmospheric pressure.

Fhotograph 2.2 Glass sheer [fted using large
rulier suckers

P
Alm: To discuss aimospheric pressure from the aspect of the weight of the air acting on objects at
the surface of the carth
Instructions:
I. Carry out this activity in pairs.
2. Study situstions 1 and 2,

Situation 1: Situation 2:
A diver In the sea experiences water Human beings living on land are
pressure. This water pressure is caused surrounded by air.

by the welght of the water column
acting on him.

3. Based on situation 1, explain the existence of atmosphenic
pressure on human beings in siteation 2 from the aspect of the
welght of the air acting on him.

Discussion:

1. Discuss the similarities and differences between atmospheric
pressure and waler pressure,

2. Estimate the astmospheric pressure al the surfce of the carth. It is given that the thickness of
the atmosphere, & = 120 km, the averge density of air, p= 8.5 = 10~ kg m™ and gravitational
seceleration, g = 981 m 5~

B o Lod



The Value of Atmospheric Pressure

‘The value of atmospheric pressure can be measured by using a mercury barometer. A mercury
barometer consists of a 1 metre long glass tube containing mercury. Initially, the glass ube
filled with mercury and is covered with a lid as shown in Figure 2,10(a). The glass tbe is then
inverted and the covered end is immersed into a bowl of mercury as shown in Figure 2 10(h).

Ll ™

e 3 D T

a—— Mlercury
Bonw|
o et — Mercury
{an} (L]

Figure 2,10 Preparatton af @ mereury hanneher

When the lid is removed, the mercury column in the glass tube will fall until a certain height
and remain at that height as shown in Figure 2.11.

History

Evangelsia Tamceli
conducled an exparimant
with @ mercury barmeter in
the year 1543, He condluded
fhat tha marcury column in
Tha ghaess tube i supporod by
BimOspher: pressure.

Figwre 2,11 Mercury baromcter

The atmospheric pressure acting on the surface of the mercury in the bowl supports
the mercury column, The height of the mercury column depends on the magnitude of the
atmospheric pressure. The value of the atmospheric pressure is stated in terms of the height of
the mercury column. If the height of the mercury column, b = 760 mm, then the atmospheric
pressure, P = 760 mm Hg,

L D



The formula P = fipg is used to obtain the value of atmospheric pressure in pascal (Pa).
P =760 mm Hg, where hi = 760 mm = 0.76 m
Density of mercury, p = 1.36 x 10' kg m™
Atmospheric pressure, P = hpg
=076 % 1.36 = 10" = 981
= 101 396.16 Pa
= 101 396 Pa

The value of atmospheric pressure can change with weather. In addition, the thin air at high
altitudes causes the atmospheric pressure o be lower,

Fortin Barometer and Aneroid Barometer ) :: = Wernier scale
o g— Millimetre seale

The Fortin barometer as shown in Figure 2,12
is a mercury barometer that measures

L Vemicr scale adjusiment screw

atmospheric pressure o a high degree of o
accuracy. The Fortin barometer has a height of ! RS
almost one metre. This instrument is usually Cilass ubee cintaining mercury

used to measure atmospheric pressure at
meteorological centres.

Ivory poanter
= q__ P
@ Leather hag
Mercury level ndjustment screw

Figure 2,12 Forrin barometer

The Aneroid barometer functions
mechanically. The partial-vacuum metal box
as shown in Figure 2.13 can change its size
when there are changes in the tmospheric
pressure. This small change in the volume of

- the box is amplified by a mechanical system
Semi-vacuum metal box to move the pointer of the barometer. Aneroid
Figutre 2.13 Aneroid barometer barometers are suitable to be used in homes,
ships and aeroplanes to obtain a quick reading
of the atmospheric pressure.

B 2 ng
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Table 2.3 shows the differences between the Fortin barometer and Aneroid barometer.
Table 2.3 Differences behween Fortin barometer and Anerodd baromeler

The value of the atmospheric pressure is The value of the atmospheric pressure is

determined by the changes in the height of determined by the changes in the volume of

the mercury column the partial-vacuum metal box

Larger size and not portable Smaller size and portable

Takes a longer time to give a reading for Gives a direct reading for atmospheric pressure

atmospheric pressure

Higher accuracy, up to 20,1 mm Hg Lower accuracy, up to £1 mm Hg J
LY

Solving Problems in Daily Life Involving Various Units of Pressure

The S.1. unit of pressure is pascal (Pa). However, a few other units of pressure are still commonly
used in various fields, Study Figure 2,14 that shows the use of various units of pressure,

pascal (Pa)
S.L unit of pressure « Manometric unit of pressure

Used in the field of science + Used in the fields of medicine, meteorology,
Values of pressure need to be converted aviation and scietice

to the unit Pa before substitution in « Blood pressure of 12080 recorded by a
physics formulae doctor is in mm Hg

Atmospheric pressure at the peak of

Mount Kinabalu is about 60 (00 Pa

UNIT

PRESSURE

millibar (mbar)

A metric unit A smaller metric unit

Used for pressures of water in the sea, Used in the field of meteorology

water reservoirs and dams Equivalent to the unit hectopascal (hifa)
Water pressure in the Bakun Dam is 1 millibar = 1 hPa

150 m H.0 Atmospheric pressure is 1 013 mbar

Figure 2,14 Examples of units of presswee wsed in daily life

g@ B 22 223



? The blood pressure reading of a patient is 160/ 100, What is the
| pressure 160 mm Hg in Pa?

[Density of Hg, p = 1.36 % 10' kg m™" and
gravitational acceleration, g = 981 m 57|

Step 1: Step 2: Step 3 Slep 4

Identify the Identify the Identify the formula  Solve the problem
problem information given that can be used numerkcally

@ Pressure 160 mm Hg in Pa e P=hp

@  Height of liguid column, & = 160 mm O P =016x 136 = 10" = 9.81
=016 m

=213 % 10" Pa
Gravitational acceleration, g = 981 m 5*
Density of Hg, p = 1.36 = 10 kg m™*

' The maximum pressure that a wall at the seaside can withstand is 3.6 = 10° Pa, What is this
| maximum pressure in m H 0?

[Density of H,O, p = 1.00 % 10" kg m** and gravitational acceleration, g = 9.81 m 57|
Maximum pressure, P = 3.6 x 10° Pa
Density of H,0, p = 1.00 x 10" kg m™*
Gravitational acceleration, g = 9.81 m s°
P=hpg
s
£
36 %100

T 100 x 10" x 9.81
=367 m

Maximum pressure = 36.7 m H O

B 223
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Effects of Atmospheric Pressure at High Altitude and Effects of Pressure at
Extreme Depth under the Surface of the Sea

Figure 2.15 shows the effects of atmospheric pressure at high altitude. Figure 2.16 shows the
effects of pressure al extreme depth under the surface of the sea.

Atmospheric Pressure at High Altitude

At higher altitude:

+ Thin of air couses the atmospheric pressure to
become bower

« The percentage of oxygen in the air reduces

Effects on human beings at high altitwde:

!

|

| Hanabaly, the atmospheric
« Increase in the rate of breathing | gﬂmﬁm
» Lower absorption of oxygen in the lungs il 5dea Rl
« Increase in the metabolic rae | A8 e level of comrersal
+ Loas of appetite | aircralt fight, aimospheric
» Dehydration | pressure i only a quarer of
« Inability to think clearly | e almospherc pressure A

 isalivie )
Adaptations and actions

i be taken

Mountain climbers Aldrcraft
« Prepare and train before climbing + Increase the pressure in the alrcraft cabdin to
+ Prepare equipment such as smartwalch match the sea level pressure
that can measure altitude, blood pressure « Recycle the air in the cabin so that it is fresh
and body temperature and contains adequate oxygen level
+ Climb at a slow rate to allow the body to « Remind the passengers to drink enough
adjust to the changes in pressure water to prevent dehydration during long
+ Drink water even when not thirsty to distance flights
prevent dehydration

Outier gpace is e space outside Fe earth's aimosphane. The pressune in outer space i almost zena. The spacecra! that cames
Eslronauls nisds:
+ Precsunisation of the spacecralt cabn o maich the atmasphenc peessune on the earth 50 that asironsats do not resd 1o wear
| @ prossere st whily i the spacocrfl cabin
B - irstaliaton of &0 corpgen generston Io Ssupply Cxypen 1 asironauls
*+ A supply of pressune suits o ba wom by astronauts when exiting the spacecraft in onder o balance the pressura in the body




Pressure at an Extreme Depth under the Surface of the Sea

Aban extreme depth under the surface of the sea:
« Water pressure Increases with s depth
+ An increase in depth of 10 m cawscs an increase in water pressure

by 1 atmosphere

= Water pressure and stmaspheric pressure are experienced

Effects on human beings ot extreme depth under the surface of the sea
+ Body tissues absorh excess nitrogen gas
= Nitrogen gas dissolves into the blood

o Imability 1o think clearly

« Formatbon of nitrogen bubbles in the tissues or blood vessels if " A
pressure is reduced too rapidly e

Adaptations and actions

o b taken

+ A dived who dives o a depth ol
30 m in search of pear oysien
will Experiancs 3 pressure 4
s the noemal admcspheric
MESEEE.

+ Submarines moving o & depdh
al 240 m expenencs & very high
messure, which is 25 times he
pressure al 500 kol

Divers

+ Do physical exercises

o enable the body 10
adapt 1o a high pressure
environment before diving
Wear a diving suit to

slow dovwn heat loss

from the body

« Slowly ascend to sea level
s0 that nitrogen bubbles do
na form in the tissues and
blood vessels

and pascal. ¥

[Atmospheric pressure = 10.3 m HO, density of water, p = 1 000 kg m~ and
gravitational acceleration, g = 9.81 m s

2. The height of the mercury column in a barometer is 756 mm Hg on a cloudy day.
Calculate the atmospheric pressure at that time in pascal, ¥
[Density of mercury, p = 13 600 kg m™ and gravitational acceleration, g = 9.81 m 57|

- What is the actual pressure at a depth of 125 m in a dam? State your answer in m H 0

Submarines

« Submarine is made of steel or
titanium with a circular cross
sectbon to withstand the high
pressure of surroundings

Pressure in the cabin of the
sbmarine is controlled to almoss
the same level as sea level for the
comfort of the crew

Orxygen tanks or electrolytic
axygen generators are provided so
that the oxygen supply is asdequate

Prodessional dwers can senve in the

vy, work a5 commencial dvens or [
| S8ME a8 necreatonal rsiners al sea.

In addtion o thecnetical knowledge:
e skills, prolessional deenis noed
1o undsno 8 senes of intershe
fraining in order for e deer's body
o adapd 4o eadreme pressune




Gas Pressure

Manometer

Photograph 2.3 shows a manometer which consists of a glass U-tube
containing coloured water. This apparatus is used to measure gas
pressure. Figure 2,17 shows a manometer before and after it is

connected to a gas supply.

(a}) Before connecting o a

gas supply

~— Waler

Flgure 2,17 Waier manometer bofore and affer conmecting toe o gos supyly

Pressure at A = gas pressure, P

Pressure at B = pressure due to water column i + atmospheric pressure
=hemHO+P_

Point A and point B are at the same level, therefore

Pressure at A = pressure at B
P =hemHO+P,

‘The height, h of the water column represents the difference between the gas pressure and
atmospheric pressure, Let us carey oul Activity 2.5 to understand more about gas pressure in a
container by using a water manometer.

%ﬁ% B 2



e Activity £73
Aim: To determine the pressure of o gas using o waler manometer
Apparatus: Manometer, rubber tube, half-metre rule, 10 ml plastic syringe

Materials: Water and red colouring
Instructions:

1. Set up the apparatus as shown in Figure 2,18, Make sure that the volume of air in the syninge
is 10 ml and the water levels in bath arms of the U-tube are the same.

= Manometer

pe "ol ouareall
waber

Trngpez il e Dhetmar M aiie

!—F'_ "'I

Figuere 2,18
2. Push the piston slightly into the syringe until a reading of 8 ml is shown on the syringe so that the
witer levels in both arms of the glass twbe are no longer at the same level.
3. Determine the height, & between the water levels in both anms of the U-tube,
4. Repeat steps 2 and 3 with readings of 6 ml and 4 ml on the syringe.
5. Record your nesults in Table 2.4,

6. Calculiste the air pressure in the syringe in m H.O.
[Use the value F__ = 10 m H,Of

Results:
Tahle 2.4
Reading on the syringe, V[ ml Height, Ir / m Alr pressure, PP/ m H O
(]
4

Discussion:
1. How can the value of air pressure from this activity be stated in Pa?
2. Suggest a suitable liquid o be used in the manometer for measuring higher gas pressures.
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Solving Problems in Daily Life Involving Gas Pressure

r..:\n

Figure 2,19 shows a mercury manometer connected to a flask
| with compressed gas.

[Atmospheric pressure, P, = 76 cm Hg,

density of Hg, p = 13 600 kg m~ and

gravitational acceleration, g = 9.81 m 57|

{a) What is the pressure of the compressed gas in cm Hg?

(b} Calculate the gas pressure in Pa.

(e} Will your answers in (a) and (b) change if the glass tube

of the manometer has a larger diameter?

Figure 2,189
(a) Step 1: Slep 2t Step 3: Sep 4
Identify the Identify the Identify the formula | Salve the problem
problem information given that can be wsed numerically

@ Pressure of compressed gas, Pin | @ P=h+P__

the it cm Hg { (1 GALLERY Lo
MNowadays, mercury manomaters

© Height of column, b = 40 ¢m 9 P=40+76 ane seidom used becatsa mancury
Atmospheric pressure, = 116 em Hg is & very towic liquid, Digital
P_ =76 cm Hg manamsilens thal use pressure
bransducer ane More COmmen
becausa they are partable and gre
(b} Pressure of compressed gas, Pin Pa a mare accurale reading.

To convert cm Hg to Pa
Height, = 116 em = L.16 m
Density of Hg, p = 13 600 kg m™*
Gravitational acceleration, g = 9.81 m 5
Gas pressure, P = hpg
= 116 x 13 600 = 9.81
=155 % 10" Pa

(¢} The answers obtained in (a) and (b) will not change because
pressure in liquids does not depend on the surface area.
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Figure 2.20 shows a mercury manometer used o

measure the pressure in an air flow pipe.

{a) What is the difference between the air pressure
in the pipe and the atmospheric pressure in
cm Hg?

(b) If the atmospheric pressure is 75 cm Hg, what
is the air pressure in the pipe in Pa?
[Density of Hg, p = 13 600 kg m™ and
gravitatbonal acceleration, g = 981 m 57|

(a} Difference in pressure = height of mercury column

Air
—

=25¢m Hg
(b) Density of Hg, p = 13 600 kg m™ Air pressure in the pipe, P= 25 + 75
Gravitational acceleration, g = 9.81 m s~ = 100 cm Hg
Atmospheric pressure, P = 75 cm Hg To convert cm Hg to Pa:
Air pressure in the pipe, P=h+ P P = hpg
= (1080 % 107) = 13 600 = 9.81
=1.33x10°Pa

2.3

1. Figure 2.21 shows a water manometer connected (o a

flask containing gas.

{a) Compare the gas pressure in the flask with the
atmospheric pressure.

{b) State the difference between the gas pressure and
the atmospheric pressure in m H,O,

() Calculate the gas pressure in pascal, ¥
[Density of water, p = 1 000 kg m™
gravitational acceleration, g = 9.81 m s~ and
atmospheric pressure = 10,3 m H,0| Fignre 2.3

2. What are the advantages of using a mercury manometer compared to a
| waler manometer?

3. A mercury manometer is connected to o steel cylinder containing compressed gas.
The pressure of the compressed gas and the atmospheric pressure are 180 kPa and
101 kPa respectively. Caloulate the difference in height between the two mercury
columns in the manometer. &8
[Density of Hg, p = 13 600 kg m™ and gravitational acceleration, g = 9.81 m 57|

[ 15 JEEE] g’g
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2[I Pascal’s Principle

Photograph 2.4 shows a
coconut milk extractor that
functions by applying the
principle of transmission of
pressure in a closed fluid. How
can a large force be produced
1o press the grated coconut?

Fhiotograph &4 Coconut milk extrachor

Admi: To generate ideas about the transmission of pressure in liquids

Apparatus: Pascal’s piston and plastic basin J Force

Materinl: Water [

Instructions:

1. Fill the plastic hasin with tap water until almost full.

2, Immerse the Pascal's piston into the water and pull the
piston so that water enters il

3. Haold the Pascal's piston above the basin and push the / 3
piston inwards as shown in Figure 222, / S Bpts of —,

4. Ohserve the flow of water out of the Pascal s piston, o water

Fgure 2.23

Discussion:
What is your observation on the low of water out of the holes when the Pascal’s piston is pushed
imwands? Explain your answer,

When the piston is pushed, a force is exerted on the surface of the water and pressure is
produced. This pressure is transmitted uniformly throughout the water in all directions. This
causes the water to spurt out from every hole. Pascal's principle states that the pressure applied
on an enclosed fluid is transmitted uniformly in all directions in the fluid.

Loy [ 24
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Hydraulic System as a Force Multiplier

According to Pascal's principle, pressure applied on the surface ' Info.
of a liquid is transmitted uniformly throughout the liquid. If this

pressure is transmitted to a larger surface area, what is the effect Prassure = Force

on the force produced on that surface? Surlace are

Foroe = peessure « suriace anea

Aim: To study a simple hydmulic system as a force multiplier

Apparatus: Model of & simple hvdmulic system, 3 picces of 100 g slotted weights, 5 pieces of 50 ¢
sotted weights, 3 pieces of 20 g slotted weights and 5 picces of 10 g slotted weights

Muterial: Water

Instructions:

1. Set up a simple hydraulic svstem model as shown in Photograph 2.5,

2. Ensure that water levels in both syringes ane the same.

L
—— Smull piston

Large piston

Small syringe

TR T R R A R

Fhotograph 2.5
3. Place a 30 g sloted weight on the small piston,
4. Add slomed weights (10 g, 20 g, 50 g or 100 g) on the large piston until the water levels in both
syringes are the same again.
5. Record the total mass of the sloted weights on the brge piston.
6. Hepeal steps 3 1o 5 with 80 g and 100 g slotted weights on the small piston,
HResults:
Tulle 2.5

Miss on the small piston [ g Total mass on the large piston [ g

IMseussion:
1. Compare the pressure on the surface of the water in small syringe and large syringe.
2. Compare the force acting on the small piston with the force acting on the large piston,
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A hydraulic system is a system that uses a liquid to transmit ' Brain-Teaser
pressure, The hydraulic system in Activity 2.7 shows that a
force acting on the small piston can produce a larger force on What o the adveniages of 3
the large piston. This shows that a hydraulic system not only
transmits pressure, but also multiplies force. Figure 2.23 shows

a hydraulic system that functions as a force multiplier. ', i Brain-Teaser .__D

F Why s waler not used ina
|
Inpin it
piston paston
Input force, F, Qutput force,
is applied on ||mr.m|.L fluid F, acts an the
the input piston A A oulpul piston
At the input piston, Pressure is transmitted ‘The same pressure
pressure P, is __o  tmiformly throughout acts on the liquid
produced on the the hydraulic fluid to surface A, at the
liquid surface A the output piston outpul piston
Figure 223 A Iydralic system

Based on Figure 2.23, the formula for force multiplier can be derived from Pascal's principle
as follows:

Pressure on the liquid surface below the input piston, P, = —-

F
Pressure on the output piston, P, = I‘-

Pressure on the output piston is the pressure transmitted from the
input piston. Simulation of a
L simple hydraulic
Therefore, P, =P, ikl
jﬂ' = %L == Formula for Pascal's principle AiLLY2QFVENR

A hydraulic system is a force multiplier system. When the value of the surface area A, is
greater than the surface area A, the force on the output piston, F, is greater than the force on the
input piston, F . This is determined by:

F.‘-=“‘_;I-XFI

The value of the multiplying factor is %’-

1
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Applications of Pascal's Principle
Pascal’s principle is applied in hydraulic systems. A small input
force is multiplied to become a larger output force to perform a

specific task. How is this principle applied in the hydraulic brake
and the hydraulic jack?

=,

Y Activitu £71

Aim: To discuss the applications of Pascal's principle

Instructions:

1. Carry out a Round Table activity.

2. Study Figure 2.24 and Figure 2.25 which show the hydrulic brake system of a car and a
hydraulic jack respectively,

3. Scan the QR code to walch the video that shows the operations of the hydmulic brake and the
hydraulic jack.

Slave cylinder
Brake Tuid

Brpei Wt 2N apLall

Relense valve J

Figure 2.25
4. Surf websites to gather information about the application of Pascal’s principle in the hydmulic
bruke and the hydmulic jeck.

5. Each group has 1o record the information obtained on a piece of paper.
6. Present the outcome of your discussion in the form of a multimedia presentation,

D 2o Ced




Solving Problems in Daily Life Involving Pascal's Principle

Figure 2.26 shows a hydraulic  Input force,

Chunput force, .f"‘_

|| system, Calculate: Fo=11IN
{a) the multiplying factor
(b} the output force, F,
Surfsce arca, Surface area, =
A, = 10 em? A, = 50 cm’
!
Hydraulic Muid
(a) Step 1: Step 2: Step 3 Step 4
Tdentify the Identify the Identify the formula  Solve the problem
problem information given that can be used numerically
A
D Multiplying factor of the hydraulic system @ Multiplying factor = T
1
@ Surface area, A = 10 e’ O Multiplying factor = =
Surface area, A, = 50 cm’ =

(b} Output force, F,
Multiplying factor = 5
Input force, F, =12 N
COutput force, F = %f— = E

=ax12
= 60 N
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A technician intends to design a hydraulic brake

. system for his bicycle as shown in Photograph 2.6,
The input force that a cyclist is able to exert
is 60 N at the input cylinder which has a
cross-sectional area of 0,80 cm’. What is the
cross-sectional area of the output cylinder
that will produce a braking force of 840 N7

Input force, F, = 60 N

Cross-sectional area of input cylinder, A, = 0.80 cm’
Output force (braking force), F, = 840 N
Cross-sectional area of output cylinder = A,

Formula for Pascal’s principle, —i‘- = IFL
1 1
M0 _ 60
A 080
A, = 840 x 0.80
[t
=112cm’

1. State Pascal's principle.

2. Describe how a hvdraulic machine can achieve force multiplication by applying
Pascal's principle.

3. In a hydraulic system, an input force of 4.0 N acts on a piston with surface area 0.50 cm’.
Calculate the output force produced on a piston with surface area 6.4 cm’.

4. A pupil has a small syringe with a piston of diameter 1.5 cm. The pupil intends to
construct a hydraulic system that can multiply force from & N o 72 N, What is the
diameter of a large syringe that is required for this hydraulic system? ¥



