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Section 1: Signals from Space

o The Solar System

The Solar System is made up of thes _ _, the

P______ and all of the other objects thato _ _ _ _

aroundthes

eTheS _isas __ _.ltis a pretty ordinary
S __ _ anditis avery small part of our
g__ knownastheM_ =~ W
eQOurg_ is only one of millions of other
g__ that makeuptheu_
Theu is absolutely everything.
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The earth has only one moon. Jupite?

has 16 and Saturn has about 30. The rings of Saturn are
believed by many scientists to be a moon that failed to join
together into one mass and remained as millions of fragments

rbiting the planet. y




e A Very Long Way

Distances in the universe are very large indeed. They are too large to be
measured in kilometres. Because of this scientists have agreed another unit
of distance.

Al__ vy _ _isthedistance travelled by light in one year.
B q . A
y : Light travels 300 000 000 metres
¥V == °\,\, every second and there are (365 x 24 x 60 x 60) = 31 536 000
4 = |secondsin ayear so light travels:
- (300 000 000 x 31 536 000) =9 460 800 000 000 000 metres in
S g~ \ @ year which is about 240 million times around the earth. )

Some Distances
The Sunisabout8l _~ m away from the earth. This means that light from

the sun takes approximately 8 m to reach the earth.

The next nearest star in the galaxy is known as Proxima Centauri in the constellation of
Centaurus. ltisabout4.21 ___ _y__  away from the earth.

The earth is about 1/3 of the way across our galaxy and is about 15 million light years
from the edge.

The next nearest galaxy (Andromeda) is about2.5m_ | y___ away.

That means if you travelled at the speed of light it would
take you about 15 million years to get to the edge of our galaxy.




o Seeing Further Objective Lens

Look into the clear night sky with a pair of binoculars and ILqus (r,\;a_re_s?ts e o b'le_c " o;;teerlsefcope IS ftrt])em
a whole new world opens up. You can see the craters on the obiect and brinas i{ o éf 9 nside the
the moon, the six inner planets (which include planet ) 9 ———=
) t. .The I __ thed
Earth) and four of the moons of Jupiter. A small telescope ofthe o I the more | "
will reveal even more. will gather and the b_______ the final image wil

be.

How a Telescope Works Eyepiece Lens

An optical telescope is made up of three Thee_ _-p____I___isam____
main parts: dg__ __and makestheimage appear!l __
i
Light-Tight Tube
The | _ -t _ _ _ t __ _ stops

unwanted Ii§ht from spoilin§ the image.




o The Eyepiece Lens - A Magnifying Glass

Complete this diagram to show how the eyepiece lens acts as a magnifying glass:

A \
—————— & - &
cus object ) focus

magnifying lens

When viewed from this side of the lens the
objectappearsb . The lens is acting
asa m g__ .

_____ is positioned inside
thef 1 of the lens.



More "'telescope eyepiece lens'’ practice:

|

object ¢
focus ! ) focus
magnifying lens
.T @
bject
focus Jec focus
magnifying lens
.T @
bject
focus Jec focus

magnifying lens



o White qu ht - A Mixture Diagram representing the wavelength of the three primary colours of light - red, green and blue
of Different Coloured

Lights

White light is a combination of all the
different coloured lights in the
rainbow:

Different Colours, Different Wavelengths
Each colour of light has its own individual w

Which of the above primary colours of light has the longest wavelength
and how many wavelengths of this light are shown on the diagram?

White light can be split into all of its
constituent colours using a

t glassp_ . Which of the above primary colours of light has the shortest wavelength

and how many wavelengths of this light are shown on the diagram?

List the three primary colours of light in order of increasing wavelength:




e Line Spectra

Under certain conditions all elements emit light.
White light contains all of the colours and White Light

produces what is known as a
c _________ s _______ | »- -
Individual elements emit light of only certain Hydrogen

f s _

__________ which correspond to
Lithium

specific w

specific ¢
Each band of polour corresponds. to Carbon
electrons moving between precise

energy levels within the atom. It
provides a sort of fingerprint for each
element.

\ .

Each element can be identified by its unique pattern of ¢ |
Astronomers analyse the light they collect from a star (using an optical t

light througha t __ glass p__ . This produces a series of ¢
ona b__ __ background.
The positionofthe ¢ _ | tellsthe astronomerswhat e .~

the star.



° Electromaq net|c Spectrum The members of the electromagnetic spectrum have different wavelengths and frequencies.
They carry different amounts of energy but all travel through space (and air) at the same

Write down a detector speed: ___ _ _ _ ___ m/s (_x10—m/s).
for each of the types of
radiation - Increasing energy
| | Radio Telescopes
Gamma: |
Increasing wavelength > |Special telescopes
have been
X-rays: D.O(}?'I nm 0.01 nm 10 nm 'IOO? nm 0.0I cm 1 ::m llm 10? m designed to detect
: radio waves
G X ult Infrared Lre i0 wov .
I———— I = Leel T waves Radio woves | o miitted from stars
Ultra violet: Baddse R R ik gnd other. objects
in the universe.
E——. They could provide
Visible light: Visible light evidence of other

life forms - Some
scientists have

dedicated their
- . 400 am 500 nm 600 nm 700 nm .
|Infra red: lives to the search.

Radiation types in order of increasing wavelength:
Microwaves:

TV:
Radiation types in order of increasing frequency:

Radio:

large radio telescope




o Radio Telescopes

Complete the diagram to show how a radio telescope collects radio signals from outer space:

curved reflector

aerial

Explain why the dish of a radio telescope has an extremely large diameter:
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o Mass, Weight and Gravitational Field Strength

Mass

The mass of an object is the amount of material in the object.

The unit of mass is the k (__).

PROVIDED NO MATERIAL IS ADDED TO OR REMOVED
FROM AN OBJECT, ITS MASS WILL NOT CHANGE ..... NO
MATTER WHERE THE OBJECT IS MOVED TO IN THE
UNIVERSE.

On Earth, a large book book has a
mass of 1.25 kg.

What would the mass of the book
be if it were:

(a) On the moon?

(b) On Mars?

(c) At the edge of the Milky Way galaxy?
(d) On the star Proxima Centauri?

/ Inertia )

The inertia of a moving object is a measure of how
difficult it is to change the motion of an object .....

(a) Which moving shopping trolley is more difficult to stop? - An
empty one or a full one:

(b) Explain why:

N /

Weight and Gravitational Field Strenqth

All objects attract (pull one another together) - This
attraction (pull) is known as the force of ¢

Weight is a force. It is the gravitational pull of the
Earth (or another planet or moon or star) on an object.

The unit of weightisthe n_ ().
f.‘ll The force of gravity pulls every
| object near or on the Earth's

surface down towards the centre of
the Earth with a force of
10 newtons for every kilogram
of mass.

This downwards force (weight)
per kilogram of mass is called the

g__ _ __ f____
s . (Symbol __)
Near the Earth's surface,
d=___ newtons per kilogram
(N/kg).

ON DIFFERENT PLANETS (OR MOONS OR STARS), THE
FORCE OF GRAVITY PULLING DOWN ON EVERY
KILOGRAM OF AN OBJECT WHICH IS NEARITS

SURFACE IS DIFFERENT ..... SO THE GRAVITATIONAL

FIELD STRENGTH NEAR THE SURFACE OF DIFFERENT

PLANETS (OR MOONS OR STARS) IS DIFFERENT.



o Mass and Weight
Calculations

For any object, anywhere in the
universe:

gravitational

weight = mass x field
strength

w=mg

weight
newtons (N)

mass
kilograms (kg)

gravitational field strength
newtons per kilogram (N/kg)

Some examples of gravitational field strength:

PLACE IN gravitational
field strength
UNIVERSE Nikg)
Near surface of earth 10
Near surface of the moon 1.6
Near surface of mars 4
In deep outer space 0

Gravitational Field Strength and
Distance From a Planet/Moon/Star

As you move further away from the surface of a
planet/moon/star, the value for the

decreases.

This means that the of an object decreases
as its distance from a planet/moon/star increases.

Gravitational field strength in N/kg

5-0

407

1
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

Height in km



e Balanced and Unbalanced Forces

We can show the direction of a force using an arrow.

Balanced Forces

If the forces acting on an object are equal in size but
act in opposite directions, the forces are said to be

For
example: 5 newtons 4—-—> 5 newtons

The forces cancel out.
They are equivalent to no force at all.

We say: "The resultant force is zero".

Unbalanced Forces

If the forces acting on an object are not equal in size,
the forces are said to be u

resultant force
= ___ newtons
_>

For
example: 2 newtons 4—-—> 5 newtons

The forces do not cancel out.
We could replace the forces with one force
(called a resultant force) which would have exactly the
same affect on the object.

For the forces shown in the diagram above, we can say:

"The resultant force is ___newtons to the

e Newton's First Law of Motion

If the forces acting on an object are
balanced (or no forces act), the
object's speed remains the same.

- ;
€ 4 The object:
-Vé\ .
(o eremanss_ or
® continuestomoveatc
s ina s |

Sir Isaac Newton ) .
- afamous 17thand 18th  If the forces acting on an object are

century physicist unbalanced, the object:

ea__________ in the direction of the
u___ f_
For example:
_ friction engine
The diagram shows the forces forces | —__ force
which act on a car in the =~ Nl i vy — —p

horizontal direction:
® The car is stationary at a set of traffic lights.

The horizontal forces acting on it are :
The engine force and friction forces have the size.

® As the traffic lights change to green, the car accelerates forwards.

The horizontal forces acting on it are now
The engine force is than the friction forces.

® After a few seconds, the car reaches a constant speed
(known as its t speed).

The horizontal forces acting on it are now again.
(During these few seconds, the size of the friction forces
until they are the size as the engine force).




Forces in Outer Space and Motion

Large parts of outer space are a vacuum - There are no air
(or other) particles present.

Therefore, when a spacecraft travels through outer space,
there is no air friction actingoniit ..... If its engine is switched
off, no forces will be acting on it.

This means the spacecraft will travel at
ina line.

If the spacecraft engine is switched on, this will create an

u force, so the spacecraft will
a in the direction of theu _
force

A spacecraft is travelling through outer space. Its engine is switched off.
(a) Describe and explain the motion of the spacecraft:

(b) The spacecraft's engine is now switched on.
Describe and explain the spacecraft's motion:

An astronaut is travelling at constant speed through
outer space towards her space capsule.

(a) Describe the forces acting on her:

(b) The space capsule is accelerating towards the
astronaut.

Describe the forces acting on it:

A rocket is launched vertically upwards from the earth's surface.
During launch, three forces act on the rocket: its weight, the thrust
force from its engine and air friction. .

(a) Show the direction of each of these
forces on the diagram, using arrows.
Label each force.

(b) At the instant the rocket is launched, it
accelerates upwards.

Explain why, in terms of the forces acting
on the rocket.

(c) As the rocket travels into outer space,
its acceleration increases.

Suggest one reason why:

(d) Once the rocket reaches outer space, its engine is switched off.
(i) The forces acting on the rocket become balanced. Explain why:

(if) Describe the motion of the rocket in outer space:




e Newton's Second Law of Motion

An object accelerates (or decelerates) when an
unbalanced force acts on it.

The acceleration of the object depend on the mass of
the object and the size of the unbalanced force acting
on it.

e |f you increase the mass of the object,
the acceleration

® If you increase the size of the unbalanced force,
the acceleration

Acceleration, unbalanced force and mass are related
by the formula:

unbalanced force = mass x acceleration

F=ma
unbalanced
force
newtons (N) F
mass m q

kilograms (kg) |
acceleration (or deceleration)

metres per second per second (m/s?)

e F = ma Calculations

Example: The diagram shows the
ver"rncal forces acting on a rocket
of mass 10 000 kg which is being
launched from the earth's surface,
where g = 10 N/kg
(Air friction has been ignored).

Thrust force
(from engine)

=250 000 N

Determine:
(a) The weight of the rocket.

(b) The size and direction of the
unbalanced force acting on the
rocket.

(c) The size and direction of the

. rocket's acceleration.
weight l

(a)W =mg
=10000 x 10
= 100000 N

(b) Unbalanced force = 2560 000 N - 100 000 N
= 150 000 N upwards

F
(c) a= m

150 000
10 000

15 m/s? upwards




The diagram shows the vertical forces acting on a rocket of mass
12 000 kg which is being launched from the earth's surface, where
g =10 N/kg (Air friction has been ignored).

Determine:
Thrust force e_te ne
(from engine) (a) The weight of the rocket.

=150 000 N (b) The size and direction of the unbalanced
force acting on the rocket as it is launched.

(c) The size and direction of the rocket's
acceleration as it is launched.

l weight

A spacecraft of mass 1 500 kg "blasts
off" from the surface of the moon
where g = 1.6 N/kg. The forces acting
on the spacecraft at the instant it
"pblasts off" are shown on the diagram.

Calculate:

(a) The weight of the spacecraft on
the moon's surface.

(b) The size and direction of the
unbalanced force acting on the
spacecraft as it "blasts off".

(c) The size and direction of the
spacecraft's acceleration as it "blasts
off".

Thrust force
(from engine)
=3 000N



Increased Acceleration of a
Rocket After Launch From the
Earth's Surface

Once a rocket has been launched
from the earth's surface, its
acceleration will increase, because:

® As you travel further from the
earth's surface, there is less air .....

Soa_ ¢ will
d and therefore the
u___ f _acting

® As you travel further from the
earth's surface, the

9g_ _ _ f____
s willd_
sothew_ of the rocket will

d and therefore the
u___ f____ acting

® The rocket will have burned up

f  ,soits m__ _ willhave
d and therefore the
u___ f____ acting

on football.
% REACTION

e Newton's Third Law (Newton Pairs)

If object A exerts a force on object B, then object B exerts an equal but
opposite force on object A.

PUPILS OFTEN CONFUSE BALANCED/UNBALANCED FORCES
WITH NEWTON PAIRS.

YOU MUST LEARN THAT:

e BALANCED/UNBALANCED FORCES ACT ON THE
S___ OBJECT.

e NEWTON PAIRS ACTON D

OBJECTS.

ACTION
Force of goalkeeper gloves

ACTION
Force of drumstick on drum.
REACTION

ACTION ACTION

REACTION @ﬂ REACTION

Force of volleyball on hand.

o

Force of button on finger.



Rocket propulsion can be explained in terms of

"Newton pairs":
ACTION

The rocket engine produces exhaust gases.

® The rocket engine pushes the exhaust gases

(the "propellanty b - This is the <4
a_ force. — _—

e At the same time, the exhaust gases push the -
rocket engine (and therefore the rocket)
f - This is the r force.

REACTION

REACTION
E__ g____
push

r e




o Gravitational Field Strength and
Acceleration Due to Gravity

The force of gravity pulls every object near or
on the Earth's surface down towards the centre
of the Earth with a force of
10 newtons for every kilogram of mass.

This downwards force (weight) per kilogram
of mass is called the g

Gravitational

ool f____s_______ (Symbol _),
an object, Near the Earth's surface,
causing it to - :
accelorate g= newtons per kilogram (N/kg).
downwards

towards the
Earth's surface
at 10 m/s?.

Force
mass

acceleration =

The force of gravity acting on all objects with mass
which are close to the Earth's surface, causes the
objects to accelerate towards the Earth's surface - The
objects have "acceleration due to gravity".

The objects all have the acceleration
(if the effects of air resistance are negligible (very small):

acceleration due to gravity (g) = 10 m/s?.

GRAVITATIONAL FIELD STRENGTH and
ACCELERATION DUE TO GRAVITY
are

o Free Fall and Weightlesshess

Any object which is falling
is said to be in

Objects in

towards the Earth's surface

appear to be weightless.

For example:

Kerry is standing still on
a diving board.

In her right hand, she is
holding a force meter
with a 3 kg mass
hanging from it.

Due to its weight,
the mass exerts a
____ downward force on the
force meter.

Both the force meter and the
3kgmassarenowin f___ f_
- They are both accelerating downwards
towards the Earth at the same rate of
m/s?.

Because the force meter and the
3 kg mass are falling at the same rate,
the mass does not exert a
d__ f_____ ontheforce
meter - So the reading on the force
meteris ___ N. (The 3 kg mass appears
tobe w

Kerry jumps off the
diving board, still
holding the force

meter with the 3 kg

mass hanging from it.



o Projectile

Motion

Any object which is projected (fired) through the air
is known as a projectile.

An object which is originally projected (fired) in a
horizontal direction, follows a ¢ P__

known as a t______________
Theec P ___ isdueto acombination of
2 separate motions in the
h andv__ directions:
H_ _ _ ______ M_____
(e __ s____)
Due to the

of

the object (its
unwillingness to

initial downward
speed (u) =0 m/s

The diagram below shows the position of a ball projected horizontally
at three different speeds. In each case, the ball takes exactly
3 seconds to reach the ground.

initial downward
speed (u) =0 m/s

STARTING
POINT

5 metres in . . .
horizontal _ horizontal time
1st second distance speed X in air
15 metres in
2 nd second
d=vt
25 metres in
3 rd second
— -
Projected Projected Projected
horizontally at horizontally at horizontally at
10 m/s. 20 m/s. 30 m/s.
horizontal _ horizontal _ horizontal _
distance ~ vi distance vt distance ~ vt
=10m/s x3s {=20m/s x3s i =30m/s x3s
= 30m = 60m = 90 m

® The greater the horizontal speed of a projectile, the f
it travels horizontally before landing.

® Every second, the downward vertical distance travelled by a projectile
i because the force of ¢ acting on it causes it

We can use this acceleration equation to calculate the downward vertical
speed of the ball in the above diagram as it lands:

v-0 v
3 ’\ -~ 10 = 3
initial downward

v-Uu
a= 4

downward acceleration (a)

~v=10 x 3

~ 10 =
A
=30 m/s

\ 4 change its
vV _ _ _____ M_____ motion), the
(e _____ h_
d__ _____ s____ ofthe
a_ ) projectile does
Near the Earth's surface, not change.
the force of 9g_ __ __ _ _ _ ‘ ho.r'izon'ral
acting on the projectile h°§;‘;’g°' - _distance
causes it to fime i
a__ _ _ _ ___ _ d
downwardsat ___ m/s? Va5
vV-u
a-=

due to gravity = 10 m/s? speed (u) =0 m/s



Jordan the goalkeeper punches a football which has been crossed
across his goal mouth. The football leaves his glove with a horizontal
speed of 11.5 m/s and takes 0.80 s to land on the pitch.

~
* %—> horizontal speed =11.5 m/s

football

pitch

(a) Describe the horizontal speed of the football from the instant it is
punched to the instant it lands.

(b) Show, by calculation involving horizontal motion, that the
horizontal distance travelled by the football during the 0.8 s is 9.2 m.

(c) At the instant the football leaves Jordan's hand,
the downward vertical speed of the football is 0 m/s.

Calculate the downward vertical speed of the football as it lands.

The Physics Department's pet cat jumps horizontally from a window
ledge. The cat lands on the floor 0.36 s later, having travelled a horizontal
distance of 1.8 m.

horizontal speed

floor

1.8 m

(a) During the jump, does the horizontal speed of the cat increase,
decrease or remain constant?

(b) Show, by calculation involving horizontal motion, that the
horizontal speed of the cat just before landing is 5 m/s.

(c) At the instant the cat jumps from the window ledge,
its downward vertical speed is 0 m/s.

Calculate the downward vertical speed of the cat as it lands.



Ellen's hand hits a volleyball from a point directly above the central net.
The volleyball leaves Ellen's hand with a horizontal speed of 8.4 m/s.

On leaving the hand, the volleyball follows a curved path, hitting the
floor after travelling a horizontal distance of 6.3 m.

volleyball

horizontal speed = 8.4 m/s

floor

6.3 m

(a) Show, by calculation involving horizontal motion, that the time
taken for the volleyball to travel from Ellen's hand to the floor is 0.75 s.

(b) At the instant the volleyball leaves Ellen's hand,
the downward vertical speed of the volleyball is 0 m/s.

Calculate the downward vertical speed of the volleyball as it reaches
the floor.

o Satellite Motion - An Extension of
Projectile Motion

Satellite motion is an extension of p

&
&7 7
The motion of a satellite around the Earth is a combination of
two separate motions:

eoC__ h__ S__ __ (whichisnotlarge
enough for the satellite to move away from the Earth).
oC d a towards

The combination of these two separate motions is a
c_ P ___ which exactly matchesthe ¢ ____ ofthe

As the satellite accelerates down towards the Earth, the
Earth's surface ¢ _ away from it at the same rate - So

the satellite does not get any closer to the Earth's surface. The
satellite remainsin o ____ around the Earth.



o Entry (or Re-Entry) of Objects into the Earth's Atmosphere

When a moving object enters (or re-enters) the Earth's atmosphere from outer space, an air friction force acts on the object,

causing the object to decelerate.

The air friction force does work on the object, changing some of the object's k

of the object increases. Often the t

part of the objectto m _ _ . When the objectis m

kinetic energy

of object
joules (J)
//2
mass of object
kilograms (kg )

E E,=1/2mV?

"\
N

speed of object
metres per second (m/s)

heat energy gaine
by object

joules (J)

specific heat capacity of object
joules per kilogram degrees Celsius ( J/kg °C)

Jits t

average force of air

Not all of the heat energy causes an increase in temperature - Some e

______ energytoh ___ energy - The
increase is so large that the object g _ _ _ _

to the surroundings and some causes
does not ¢

work done by air
friction on object

joules (J)

friction acting on object |

d

distance moved by object
through atmosphere

metres (m)

newtons (N)

%& E, = cmaAT

Cc

m

i\

mass of object

kilograms ( kg

)

\

change in temperature of
object

degrees Celsius (°C)



o Entry (or Re-Entry) Calculations

Example:
(a) A meteorite of mass 120 kg enters the Earth's
atmosphere with a speed of 15 000 m/s.
Calculate the kinetic energy of the meteorite.

E.=1/2mVv?
= 0.5 x 120 x 15 0002
=1.35x10°7

(b) The force of air friction acting on the meteorite changes
1.5 x 10° J of the meteorite's kinetic energy to heat energy as the
meteorite travels a distance of 25 000 m through the Earth's
atmosphere.

Calculate the average force of the air friction acting on the
meteorite.
E,=Fd
E

~F = d

_15x10°
25 000

(c) 1.5 x 10° J of the meteorite's kinetic energy is changed to
heat energy as the 120 kg meteorite travels through the Earth's
atmosphere. The material from which the meteorite is made has a
specific heat capacity of 1500 J/kg °C.

Calculate the rise in temperature of the meteorite. (Assume no
other energy changes take place and that no heat energy is lost to
the surroundings).

= 60000 N

E,=cmAT

S~ AT = E,
cm
1.5x10°

=—==_—  =8333°
1500 x 120

(a) A meteorite, mass 250 kg, is travelling at a speed of 12 000 m/s
when it enters the Earth's atmosphere.

Calculate the kinetic energy of the meteorite at this instant.

(b) As the meteorite travels 30 000 m through the Earth's
atmosphere, the force of air friction changes 1.8 x 10" J of the
meteorite's kinetic energy to heat energy.

Calculate the average force of the air friction acting on the
meteorite.

(c) 1.8 x 10" J of the meteorite's kinetic energy is changed to heat
energy as the 250 kg meteorite travels through the Earth's
atmosphere. The material from which the meteorite is made has a
specific heat capacity of 1 600 J/kg °C.

Calculate the rise in temperature of the meteorite. (Assume no
other energy changes take place and that no heat energy is lost to
the surroundings).



(a) An 800 kg mass of space debris is travelling
at a speed of 15 000 m/s when it enters the
Earth's atmosphere.

Calculate the kinetic energy of the space
debris as it enters the Earth's atmosphere.

L%

(b) As the space debris travels 170 000 m through the Earth's
atmosphere, the force of air friction changes 8.5 x 10 J of the
kinetic energy of the space debris to heat energy.

Calculate the average force of the air friction acting on the space
debris as the debris travels through the Earth's atmosphere.

(c) 8.5 x 10 J of the kinetic energy of the 800 kg space debris is
changed to heat energy as the debris travels through the Earth's
atmosphere. The space debris has a specific heat capacity of
2 500 J/kg °C.

Calculate the rise in temperature of the debris. (Assume no other
energy changes take place and that no heat energy is lost to the
surroundings).

(a) At the instant a space capsule of mass 1 200 kg
enters the Earth's atmosphere, the capsule has
7.26 x 10'° J of kinetic energy.

Calculate the speed of the space capsule at this
instant.

(b) As the space capsule travels 3000 m through the Earth's
atmosphere, the average force of air friction acting on the capsule is
2x10"N.

Calculate the work done by the atmosphere on the capsule as the
capsule travels this distance.

(c) A 'heat shield' on the space capsule has a mass of 5 000 kg. The
heat shield absorbs 5 X 10'° J of heat energy as the space capsule
travels through the Earth's atmosphere, causing the temperature of

the heat shield to increase by 15 000 °C.

Calculate the specific heat capacity of the material from which the
heat shield is made. (Assume no other energy changes take place
and that no heat energy is lost to the surroundings).



