Earth and Space
Exploration

What is the method used to send reusable launch
viehicles into the orbit of the International Space Station
(I55)? Is it by direct transfer or through Hohmann

transfer orbit?
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SPACE
TECHNOLOGY

-

What are the types of orbits of Malaysian satellites which
orbit Earth?

Dato' Dr. Sheikh Muszaphar Shukor Al Masrie bin Sheikh Mustapha :
is the first Malaysian astronaut to carry out scientific research at ’
the International Space Station (155). How many days was he at

the IS57 >

What is the final type of orbit taken by launch vehicles which
carry astronauts, supplies and satellite equipment to reach
the IS57

LS

* Satallite
+ Global Positioning System [GPS])
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Satellite

A satellite i= an object which
orbits planets or stars, For
example, the Moon is a natural
satellite which orbits Harth.
Besides natural satellites, there

are many man-made satellites Low Earth Orbét LED)
which orbit Earth. (Cirhital Peesght af
180 — 2 000 km

Types of Satellite Orbits

The orbits of satellites which

circle Earth are grouped into "f
five rypes according to /
orbital height (alttude)
(Figure 9.1}, \

Cubikad hesigivt of 2 D00 — 35 780 kem

Gedsynchronous
Orhit (G50)
(Orhital haight of
35 7&6 km and
orbital plane at an
inclingd angle to
the equatorial
pare

Cubstal height of 35 785 km and tha
equalorial plane as it ortital plane

Figure 9.1 Types of satcllite orbits
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Orbital Shapes

There are two orbital shapes, perfectly
crcular and elliptical (Figure 9.2). GEQ is
an example of a perfectly circular orbit while
MEQ and HEO are examples of elliptical
Perflectly cinoular Efliptical

orbits. LEQ and GSO are perfectly
circular or ¢lliptical. Figure 9.2 Orbital shapes

Apogee and Perigee of a Satellite in an Elliptical Orbit

For satellites which make elliptical orbits, there are two specific positions in the orbirs,
which are apogee and perigee (Figure 9.3).

Figure 9.3 Apogee and periges of a satellite in an elliptical orbit

The apogee of a satellite in an elliptical orbit is the position of the satellite
which is furthest from the planets or stars encircled by the satellite. How about the
perigee of a satellite in an elliptical orbit?

Relationship between Orbital Height and Satellite Velocity
The types of satellite orbits, orbital heights and satellite speeds are shown in Figure 9.4.

HED MED
Altifude: Altifude:
35 780 km 20 200 km
Spead: Speed:
11 100 kmsh 13 900 kmvh

Figure 9.4 Examples of types of satellites, orbital heights and satellite speeds

‘The higher the orbital height of a sarellite, the lower the satellite speed for it to remain
mumamhmmmmmmm-mnmwmﬂum
b&n}nufﬂ:cﬂtﬂlwm



Whar will happen to a satellite moving in o fixed orbit ‘,Ea: Thinking Skl"S
if its speed reduces too much? How about if its speed

increases too much? Visit the following s o
Let us carry out Activity 9.2 o idenufy the w;lme to collect
Jationshi e ital hei Jlive A information
relationship between orbital height and satellite speed. alaat thas Kalihe
or altitude of
satollite orbits

for satellite’s GFS purposes.
httpebuku-teks.comisc5238a

1. Carry out this activity in groups.
2. Gather information from the Internet, print media and other electranic media about the
types or systems of satellites, orbital
heights and satellite speeds. Example:
. Tabulate the information and data gathered ; Wd m Satallite
on orbital heights and satellite speeds. Satellite satellite speed
. Analyse the data gathered and draw a =
conclusion on the relationship between a s -
satellite’s orbital height and its speed. MEC
. Present your group’s conclusion to LEO
the class.

Launch and Placement of Satellite into Orbit

Let us carry out Activity 9.3 to understand how a satellite is launched and placed into
orbit directly or through Hohmann transfer orbat,

To explain how a satellite is placed into orbit

1. Carry out this activity in groups.
2. Gather information from watching the following video clip to explein how satellites are
placed into arbit directly or through Hohmann transfer orbit.
Watch the following video clip: EizE
httpo//buku-toks.comfsc523dh | Sl
Start time 5:00/10:05
End time 9:14/10:05 =2 SIacimant of
satelie into orbit
hittpo/hul tets
comfsei2 ke

. Discuss your observations after watching the video.
. Present the way satellites are placed into orbit as
chserved from the video to the class.




Methods of Sending Launch Vehicles into Orbit Scan

Launch vehicles, which
are made up of one

or more rockets, ane
used to send satellites
or spacecrafts into

outer space. Figure 9.5
shows two ways 1o place
satellites into orbies
using launch vehicles,

(a) Diirectly into orbit (b) Hohmann rransfer orbir

Figure 9.5 Ways to send launch vehicles into orbit

Launch vehicles are divided

into two vpes:

(a}) expendable launch vehicle
{ELY)

(b} reusable launch vehicle
(RLN)

Photograph 9.1 Launching of ELV and RLY by MNASA

Let us carry out Activity 9.4 to look for information about the differences berween ELY
and RLMV.

Activity- 9.4
4 Contury Shilks
To differentiate ELY from RLY i TPS, IG5

1. Carry out this activity in groups,
2. Gather information from the Internet, print media and other electronic media about the
differences between expendable launch vehicle (ELY) and reusable launch vehicle [RLV].

3, Present the differences between ELY and RLV using a multimedia presentation to the class.



Furiction of the‘International &
Space Station ¢ . A

v The International Space Statod ([SS)
is the result of effocts from’ five space
agencies namely MWASA (America),
Roscosmos (Fussia), JAXA (Japand,
ESA (Eurcpe) and C3A (Canada).
Dato’ Dr. Sheikh Muszaphar Shukor
Al Masrie bin Sheikh Mustapha is
the first M sian o reach the ISS
Let us carry out Acrivity 9.5 1o

Photograph 9.2 The International
Space Sution (I55)

understand the functions and

of astronauts on the I55.
.

Activity- 9.5

To understand the funct
the 155

(pi]l= oy

n to the class.



Zero gravity is the condition when no
significant gravitational force effect is felt. For
example, the condition in indoor skydiving
(Photograph 9.3). Participants of indoor skydiving
will float in air and feel a condition of zero
gravity. This condition occurs because the thrust
produced by a very strong flow of air upwards on
the participants is equal in value 1o their weight
but in the opposite direction, As such, no
significant gravitational force is felt.

Photograph 9.3 Zero gravity in

Methods for Tracking Space Stations  indoor skydiving

The frequency of the 1SS orbiting Earth in a day can be calculated by using its orbital
height and speed.

To calculate the frequency of the 155 orbiting Earth in a day

1. Carry out this activity in groups.
2. Use the data of orbital height and speed of the 155 in Activity 9.2 as well as radius of Earth
[6.37 » 10° m) to calculate the frequency of the 155 orbiting Earth in a day.

- : Length of arbit
Period of erbit, T = - R e
2x % [Orbital height + Radius of Earth)
m Spead of satellite

Frequency of the IS5 arbiting Earth in a day = I‘B:riim: [;c:‘ 7
3. Present the outcome of your group calculations to the class,

Tracking the Position of Space Stations Using

Smartphone Applications - -_ﬂ-."?r?‘: .y
Observe and identify the position of the IS8 and the e ' It_’:"r'-'_
observer in the photograph from the smartphone It &
screenshotr (Figure 9.6). e

Figure 9.6 Screenshot on smartphone :
which shows the location of the observer, |
the 158 and s orbi



Impact of Rapid Development in Space Technology
Among the impacts of rapid : ! .
development in space technology are:

(a) Increased waste in space

{(space junk)
Waste in space or space junk
are non-functioning satellives,
used parts of ELY, satellite
debris from collisions between
satellites, exhausted rockens
and other waste.
According o observations
made by parties monitoring
space junk from NASA, 95% of
thousands of man-made objects
in low Harth orbit are waste in
space, The more space junk there
i5, the higher the risk of collision A
of satellites with space junk. Figure 9.7 Space junk at geosynchronous
This explains why the weather orbit, GS0O (Each dot represents a satellite
sarellite, GOES, normally of space junk}
changes its orbit several tmes to
avoid collision with space junk.
Increase in research and development activities
Advancement and development in space technology have increased activities in
research and development in various ficlds such as human health, response towards
climate change and disasters, new innovative technology, global education and
development in space economy.

To gather information related to the impact of rapid development
in space technology

Instructions

1.
2

Carry out this activity in groups,
Gather infarmation frem the Internet, print media and other electronic media on the impact
of rapid development in space technology such as:
{a) increase in space junk
(b} increase in research and development activities in vasicus fields in the life and health
of humans

. Descuss the information that you have gathesed,
. Present the outcome of your group discussion to the class.




Practice S J

. State five types of satellite orbirs.

[

. {a) Dwaw a diagram to show the apogee and pengee of a satellite in an
elliptical orbit.
(b} Explain the apogee and perigee of o satellite in an elliptical orbit.
. What is the relationship between orbital height and satellite velocity?
. What is Hohmann transfer orbit?

. Why are astronauts at the ISS in a floating condition?

oW g W

» Give your views on the impact of increase in space junk.

et we MW

m Global Positioning System (GPS) WA LIS
| {

Wop BT

Global Positioning System (GPS) 15 a navigation system which gives information on
location and time to its users in all weather conditions.

Figure 9.8 lusmration of a GPS
satellite network (Image © NOAA)

How GPS Functions

GPS is made up of three scgments,
the control segment, space segment
and user segment.



Control Segment

The control segment is made up of a master
control station, alternative master contral
station, command and control antennas as
well as monitor stations, Signals recerved by

the moniter stations from the GPS satellite are

sent 1o the master control station which will
generate navigation messages on Earth
(Figure 9.10). The information sent from
the antenna on EBarth to the GPS satellite
includes the GPS satellite position, time
correction factor for the GPS satellite clock,
armospheric dam and almanac,

Space Segment

GPS is made up of a satellite network. GIPS
satellites orbit Earth at an orbital height of
20 000 km. The orbit of a GPS satellite is
usually known as a semi-synchronous Earth
orbit (Figure 9.11) with an orbital period of
about 12 hours,

At least 4 GIP'S satellites can be séen at an
angle of 15% or more from the horizontal axis
at any time from all locations on Barth
(Figure 9.12). The information sent from
the (GPS satellite to the GPS receiving device
includes the position of the GPS satellite and
the time the signal is sent.

User Segment

A GPS user is anyone who uses a GPS
receiving device such as a smartphone. The
location of a place can be written in two
formars as follosws:

(a) Dwegrees, minutes and seconds (IIMS)
{b) Decimal degree (DD}

2

KPM

Master contrel
Sialon

Figure 9.10 Contrel segment and
space segment n GI'S

Figure 9.11 GPS satellite orbit

;!-:;Ps satellites
%
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Figure 9.12 Positions of GPS
satellives and GPS user

5°26'25"N 100°18'32"E

Georgetown, Pulau Pinang

Figure 9.13 GI'S coordinates in
DMS formar

9.2.1



GPS coordinates can be written in two formats, namely DMS and DD,

Example

GI'S coordinate:
{a) Marional Planetarium, Kuala Lumpur

DMS format coordinages - 3°08'22.04"N (Latitude)  101°41'22.53"E (Longitude)

DD formar coordinates : 3.139456 101.689593

i Positive value represents lattude | Pasitive value represents |
t in the northarn hemisphere £ 4 longitude to the past of
* 1 Greenwich Moridian !

(b} Copacabana, Rio de Janeiro
DMS formar coordinates @ 22°58'14.60"5 (Latmde)  43°10°56,51"W (Longitude)

DD format coordinates @ — 22970722 - 43.182365
i
............... e e Lo T, s
Negative value represents laltude in ¢ Nogative valie represents

e scuthorn hemispléng

! fongitude o the west of ;

R B R R T R T R R P C e PP P ST PR R TP

The directions *East” and

“West” on the GPS coordinates

in IDMS format are based on the Calculator for the twa GPE
Greenwich Meridian,

To navigate from one location to another within the school using GPS
coordinaes tessesssessses

1. Camry out this activity in groups in an open area in schoal such as the school field.
2. Mark five locations with a minimum distance of 10 m between each location in the open area
of the school.

Lacation:

. X . . . -

-
xz10m

3. Use a GPS receiving device such as a smartphone to determine the GPS coordinates at
each location.



4. Observe and recosd the coordinates for the five locations in the following formats:
[a) Degrees, minutes and seconds [DMS)

(b} Decimal degree (DD}

x (m)

GPS coordinates in DMS

1. Why is this activity carried out in an open space and not in class?
2. What is the main purpose of using GPS coordinates?
3. Namae two examples of navigation applications which use the GPS coordinate system

in daily life.

Uses of GP5

GPS is used for
navigational purposes

in various types of
transport such as land,
sed, air and space
ransport, Examples

of applications of
navigatdon which use GPS
coordinates are Google
Maps and Waze,

Photograph 9.4 Screenshotz of Google Maps
and Waze

—_—



SLLEN Space Technology

(&) crick@web_ &
Find Pizza {Videa) E%E

http Soiko-teks comfsc 534 Th | 5
; E]?ﬁ,

MNavigational applications
{Animation]
hatpatbuku '.--I-"._.'::u':.'-'.r;r 2472

Activity - 9.9
To study the Global Positioning System (GPS) '
5, Inquing-Dasod activity

m EREASRRERnsa

1. Carry out this activity in groups.
2. Gather information from various sources on the meaning of GPS, how GPS functions and the
uses of GPS.
. Discuss the information that you have gathered.
. Present the outcome of your group discussion to the class using a multimedia presentation.

Photograph 9.5 Car GPS tracker

1. What is the meaning of Global Positioning System (GPS)?

2. How does GPS function?

3. Whar are the uses of GPS?

4. What are the benefits of notifications of read acadents in navigational applications
to road users?
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After studying this chapter, you are able w

9.1 Satellite

[ Explain the types of satellite orbits.

[C] Explain with diagrams the apogee
and perigee of a sarellite in an
elliptical orbit.

[ Relate the height of an orbit with the
velocity of a satellite.

[ Explain how a satellite is launched
and placed into orbir,

[] Explain the function of a space
station.

‘MW! —

Answver the folloming guestions:

[J Communicate about the methods for
tracking space stations.

[] Elaborate the impact of rapid
development in space technology.

9.2 Global Positioning System (GPS)
[ Explain Global Positioning
Systemn (GPS).
[ Apply the GPS coordinate system for
navigational purposes.

1. Figure | shows an example of the orbit for satellite X

which has an orbital period of 12 hours.

2 i
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Figure 1

(a) Based on Figure 1, name the type of satellite X.
(b) Give one example of application of satellite X.

2. (a) Sute three features of a GPS satellite.
(h) Ciive one example of a device which conrains a GPS receiver,

(c) MName one wse of GPS in daily life.

(d) Give two examples of navigational application which use GPS satellite.




{a) Label the types of orbits in Figure 2 with the following abbreviations.

(b} Based on Figure 2, name the wype of orbit for GPS satellites.

4. The clock in a GPS satellite needs to be adjusted from time to tme.
What iz the importance of accurate time information from GPS satellites in our
daily activities?




CHAPTER 1 Microorganisms

Summative Practice 1

1. (m)

(b}

L]

2. ()

(b
(4]

The higher the concentration of the

antibiotic, the larger the area of the clear

Tegion,

(i} Type of bacterin, surrounding
temnperature

(H) Concentration of antibiaric

Antibiotics can kill bacreria,

Have cell Have oo cell

wall nnd cell wall und cell
membromne msmbrane
PORT 5
Virus
(i} Yeast

(i) Microorganism P is 3 useful
microergonism because it iy used
1o make food such as bread.
Microorganism P is not a pathogen
because it does not cause disease.

CHAPTER 2 Murtrition and Food

Technology

Summative Practiece 2

1. (&)

L

Consumption of whale meat can warm
the body compared to other food.
(i Adm of experiment
To measure and compare the calorific
values of fat, carbohydrote
aml proten
(H) Tdentification of varinbles
+ Manipulared variable: Type of
food sample
* Responding vanable: Rise in
femperabure
+ Constant varable: Mass of water
in caborimeter
(Hi} List of marerials and apparatus
+ Materials: Fat, coarbohydrate and
protein samples weighing | g ench,
dstilled water and cofton wonl
= Apparatus: Retort stand, boiling
tube, thermometer, shield,
plasticine and needle

CHAPTER 3 Sustainability of the

Environment

Summative Practice 3

in)

]
)
{d)
{a)
by
{c)

{d)

River water is the most polluted water
sample compared to tap water, distilled
water ansd pomnd water.

{1 Volume of water

(i} Type of water sample

River water

The higher the level of water pollution,
the shorier the time taken for the
methylene blue solution to decolourise.
Paper bag

Paper 1akes o much shorer time 10
disintegrate,

Microplastic is a plastic pisce measuring
less than 5 mm in length.

Plastic bottle, plastic bag, plasic
conknmmer, man-made textle,

RN (A Twn)

CHAPTER 4 Rate of Reaction

Summative Practice 4
1. {a) Process where ofie OF Mofe MCAcTants ane

2.

b}

{a)

converted o one or more products.

Yes,

Pressure affects the reaction for reactnnis

m the gascous state.

(1) Spee of marble chips/cakcium
carbonale

(i} Wolume of gas collecred

i) Concentration of hydrochloric acid,
volume of hydrochboric ackd and mass
of marhle chips

The imaller the size of marble chips/

calcium carbonare, the higher the rae

of reacrion.

CHAPTER 5 Carbon Compounds
Summative Practice 5

{a)
]
(<)
)

{a)
)
i€}

Fermentation

Oyganic carbon compound

Limewater murns cloudy

Coarbsin dioxide is released in the reaction
between sugar and yeast.

Anherosclerosis

Cholesteral

Saurated fws

gﬂ

Ki'M



(d} 1. Reduce the intake of famy food 2. (a}

2. Bar umsanurared fims which can reduce

the level of cholesterol in blood L

(nny suitable anewer)
CHAPTER 6 Electrochemistry i b g e
Summative Practice & L . : L4

1. (o} BElecrrolysis is the process of decomposition bruboey F iyt g
: o =, =
of o compound in the molten or agueous .
state mbo i constituent elemenis when H&

(b}

<y

()

(b}

(=]

(<)

electric current flows through it
Copper(ll) fon, Cu®, hydrogen bon, H®,
sulphare lon, SO,7, hydroxide jon, OH

(b} Virtual, upright, magmnified
3. (a) To produce images of different sizes using
camera henses of different focal kengths

(i} At anode: Hydroxide ion

At cathode: Copper(II) jon
ml At anode: Mo on s discha
e i CHAPTER 8 Force and Pressure
Purificarion of meral Summative Practice 8
(i} Sodium ion, Na*, hydrogen ion, H* 1. {a) P,
(i5) Mitrwte jon, MO, hydroxide ion, OH (b} When air s through the narmow space
Electrode P bemwwen the two cars, the velocity of air
(i} Hydroxide fon Aow increases and the pressure, P, in
(1) Hydrogen fon the narrow space reduces. According to
Sodtium jons and hydrogen fons move Bernoulli's principle, when a fluld such
o the cathode. The hydrogen jon is us air passes through o narmow space, the
selected 1o be discharged becawse it is vebocity of the fhuid flow increases and
less elecrropositive compared 1o the pressure in the space decreases.
sodium s, {c) Pressure %) which i higher compared o

I will cause both vehicles to be pushed

towands each other untl they collide.

CHAPTER 7 Light and Oprtics
Summative Practice 7 CHAPTER 9 Space Technology

1. (m)

(b}

Summative Practice 9
L. (a) GPS satellite
(k) Por navigaional pusposes
L. {a) « GPS sacllite is 8 communication
saellite
= Cirbital height for o GPS satellite
iz 20 00D km
= Orbital period for a GPS satelline is
12 hours
(b} Bmanphons
() Mavigational purposes
(mmy suitnble answer}
() Google Maps, Waze

Eﬂ m Complete answaors
- for toachers
hitp:/budu-teks
[S57RR | comvscsasz




M Laboratory Rules and
2V} Safety Measures
In this Form 5 Science KSSM textbook, there are some experiments that need to be carried out

in the laboratory. Therefore, all students must comply with the rules and safery measures in the
luboratory to wvoid accidents.

Before entering the laboratory

1. Do not enter the laboratory without the wacher's permission.
2, Do not bring bags or other items into the laboratory withourt the weacher’s permission.

. Dpen all windows and doors.

. Do not run or play.

Do not ear or drink.

D mor carry out any experiment or procedure without the weacher's permission.

Follow all procedures in the experiment with the teacher’s guidance.

. Take safety measures such as reading all instructions and warning symbols on the labels of
reagent bottles before wiing the chemcals,

. Take fire safery measures such as keeping voursell, books, clothes, hair and other fammable

things away from fire.

1. Know the location of and how to use the fire extinguisher and the first add ki,
2, If any chemical substance gers into your eyes, wash it off immediavely with plenty of running
WHLET.

3. If any chemical substance spills onto your skin or clothes, wash it off immediately with

plenty of water.

&, If any chemical substance 15 accidentally swallowed, spit 1t out immediately and rinse your
maouth with plenty of water. Inform the teacher of the accident immediately for medical
IFealmenL

. IF your clothes are on fire, do not panic, roll your body on the floor or wrap your body with
4 fire blanket to extinguish the fire.
6, Report all sccidents to the teacher immediately,

S e

=

i

the laboratory

1. Turn off or switch off all water, gas and elecrical supplies.

2, Clean and vidy all apparatus wsed,

3, Return all apparatus and chemical substances to their original location,
4. Dispose all experimental waste according o their category.

5. Wash your hands.



