Saltus Grammar School Unit 40 Forces and Effects

SALTUS GRAMMAR SCHOOL

IGCSE Physics

s — --f.-.-r
ﬂ @— container

IGCSE
LONDON

Unit 47 Forces and Effects

Name:

Class: Date:



Saltus Grammar School

Unit 40 Forces and Effects

Summary
Lesson Objectives : Students will be assessed on their ability to
Ne wtsdhrdLaw 1 identify various types of forces
andg T demonstrate an understanding
1 understand gravitational field strengthnd recall that it is differe
on other planets and the moon from that on the earth
Orbits 1 explain that gravitational force causes the planets to orbit th
causes moons and artificial satellites to orbit the Earth, causeg
to orbit the Sun
1 use the relationship between orbital speed, orbital radius af
period,
9 describe the diffences in orbits of comets, moons and planets
9 recall that the solar system is part of the milky way galaxy and
universe is a large collection of billions of galaxies
Hookeds La 1 describe experiments to investigate how extension varies weth
force for helical springs and metal wires
1 understand that the initial region of a fendension graph
associated with Hookeds | aw
Non-Hookian Material 1 describe how extension varies with applied force for rubber bat
1 associate elastic behaviwith the ability of a material to recovel
original shape after the forces causing deformation have
removed
Moments T know and use the relationship between the moment of a force
distance from the pivot.
1 know and use the principle mfoments for a simple system
parallel forces acting in one plane
Centre of Gravity and 1 recall that the weight of a body acts through its centre of gravity
Stability 1 understand that the upward forces on a light beam, supporte
ends, vary with thosition of a heavy object placed on the bean|
Friction {1 understand that force is a vector quantity
1 understand that friction is a force that opposes motion

Important information

This unitconsists oeven topicmcluding the test. Curriculum materials can be found within
Blackboard and the staff area of the network.
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l10Newt ondés Thgrd Law andtextrefpg39

Objectives

9 identify various types of forces
T demonstrate an understanding of Newton&6s third

1 understand gravitational field strengthnd recall that it is different on other planets and the moon
from that on the earth

Notes:

Reaction force of the table

Weight of book
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Identify the action and reaction force in each of the following situations. The first one is done for
you.
Example Action Reaction
The baseball pushes the bat The bat pushes the ball to the right
to the left (an action). (the reaction).
= [H]
i

Baseball pushes glove to the
left.

o

Bowling ball pushes pin to the
left.

Enclosed air particles push
the wall of the balloon
outwards.
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Action -Reaction Pair #1:

Action -Reaction Pair #2:

Identify BOTH action-reaction pairs in this
situation with Foot A, Ball B, and Foot C

| dentify at least SIX action-reaction pairs in this diagram.

2
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2 0 Gravity and Orbits text ref:pgs 49 55

Objectives:

1 explain that gravitational force causes the planets to orbit the Sun, causes moons and artificial
satellites to orbit the Earth, causes comets to orbit the Sun

1 use the relationship between orbital speed, orbital radius and time period,
1 describe the diffences in orbits of comets, moons and planets
1

recall that the solar system is part of the milky way galaxy and that the universe is a large collection of
billions of galaxies

Notes:
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PhET LAB: Gravity and Orbits

Follow the directions carefully before answering the following questions while using the PhET
Simul ati on 0Gr av http:Apheacoldrad@edidan/simulation/gravity -and-orbits
1) Run the Simulation, Keep all the default settings, but select the Earth and Satellite option

Turn on all of the options i n tShheo wdénu, then run and play with the simulation for a
while. Whi ch is experiencing a greater gravitational force: The satellite or the earth?

2) Pause the Simulation. Hit OReset 6. (not OReset Al
the mass of the satellite have any impact on its Orbit? Explain.
3) Pause the Simulation. Hit WResett.hée Glnidc ko fa ntdh ed rraegd
orderto decreaset he satelliteds velocity.
a. What happens when you hit play? Why?
b. Why doesndét this happen to satellites normally?

(


http://phet.colorado.edu/en/simulation/gravity-and-orbits
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4) PausetheSi mul ati on. Hi't OReséntreadet heClsiactke ldnd edrsa gv etl @ c |
happens when you hit play? Why?

5) Pause the Simulation. Hit OReset . 6 Click and dr :
away from E arth. What happens when you hit play? Why?

6) Try to create another stable orbi t that is further or closer to E arth. What other very
important variable is altered with this new orbit?

7) Just for fun. Click and drag Earth to create a very small velocity for Earth. Can the
satellite still orbit a moving planet effectively?

8) Pause the Simulation. Hit OReset. o On thettop | eft
scale. Inthe Showme n u, you can now also turn on the oO0Tape
with the path shown.

a. How far out is the satellite?
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b. How long does itt ake for the satellite to orbit E  arth?

9) Switch modes, so thaty ou are now looking at just the Earth and the M  oon.
a. How faristhe M oon?

b. How long does it take for the Moon to orbit the E arth?

10) Again Switch modes, so thaty ou are now looking at just the Earth and the S un.
a. How faris the Earth fromthe S un?

b. How long does it take for the Earth to orbit the S un?

10
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PhET LAB: Gravity and Orbits (extension) ‘

1) According to Keplerds third |l aw, The time it takes
the mean distance between the centers of two bodies. T2 Yr3. When a constant is included,
the equation is:
e T“
Y ﬁ |

Use the adjustable mass controls on the simulation of just the earth and sun to determine
what massthe 6 M6n Kepl er s equation must refer to. Il s i
or t he mass of the central object?

2) Hit Reset All. View all three objects in Cartoon mode. Sketch a diagram showing their
paths for one full year.

11
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3) Kepler actually proposed three laws.

KEPLER'S LAWS OF PLANETARY MOTION
First Law: Each planet travels in an elliptical orbit around the sun, and the
sun is at one of the focal points.

Second Law: An imaginary line drawn from the sun to any planet sweeps
out equal areas in equal time intervals.

Third Law: The square of a planet’s orbital period ( T?) is proportional

to the cube of the average distance [r3]l between the planet and the

2 3
sun,or T = r".

At
The diagramabove i | | ustr at es :Ke p Ae iIndhis caseayauscan see that when a
planet is closer to the S un then it must cover more distance in the same time. It must move

faster.

Reset all. Select the Earth and Sun. Choose to show only the path and ve locities.
Manipulate the Simulation until you achieve an elliptical orbit. T  he speed of the E arth
increases slightly as it orbits closer to the S un but decreases slight ly when it is further
from the S un. (hint: move the Sun itself.)

12
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Circular Motion

Q1 Which of the following is the best explanation of acceleration? Circle the appropriate letter.
A an increase in speed D a change in velocity
B a change in direction E achange in speed

C an increase in velocity

Q2 The diagram below shows a clock with hands that move steadily around the clock-face.

a) Draw and label with 'A' an arrow on the
diagram to show the direction of the velocity
of the tip of the minute hand.

b) Draw and label with 'B' an arrow to show the
direction of the acceleration of the tip of the
hour hand.

Q3 A satellite orbiting the Earth travels at a constant speed.

a) s the satellite accelerating? Explain your answer.

b) Put a tick next to the true statement below.

l:l "If a body is accelerating then there must be a resultant force acting on it."

|:| "The forces acting on a body going round in a circle at a steady speed must be balanced."
¢) What is the general name for a force that keeps a body moving in a circular path?

d) Draw lines to match up the following bodies with the force that keeps them moving in a circle.

I A runner running round a circular track ]
[ A satellite in orbit round the Earth | o
| The seats at the ends of the spokes of a spinning fairground ride |

Q4 Circle the correct options in these sentences.

a) The greater the mass of a body, the smaller / greater the force needed to keep it moving in a circle.

b) The faster the speed of a body, the smaller / greater the force
needed to keep it moving in a circle.

c) A cyclist rides round a circular track at a speed of 20 m/s.
The frictional force between his tyres and the track is 1467 N.
He speeds up to 21 m/s — the frictional force changes to 1617 N / 1331 N.

13
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Coordinates in Astronomy

Q4 The table and diagram below show where Mars appeared
in the night sky between August 2005 and January 2006.

Declination © =~ 1 M) o oo S
. i ! | i | 1 H | ! Hours | Minutes
+20 09/08/2005 02 20 11.0
+15° 08/09/2005 03 11 15.0
| 13/10:2005 03 22 16.6
+10° 01/11/2005 03 00 16.2
i ! 14/11/2005 02 a1 15.6
B 02/12/2005 02 24 15.1
i | i i ! 15/01/2006 02 49 18.0
4h 2h 2h

Right ascension

a) On the diagram, mark with an X the position of Mars on November 14th 2005.

b) How can you tell from the table that Mars appears to change direction?

.........................................................................................................................................................

.........................................................................................................................................................

©) The diagram on the right shows the relative
positions of Mars and the Earth in their orbits Mars
between September 8th and November 1st 2005.

st Nov

@ 8th O Earth

Sept

Which planet orbits the Sun faster — Mars
or the Earth? Circle the correct answer.

Mars Earth \
d) Use the diagram to help you explain why:

i) Mars appeared to move from west to east across the sky during September 2005.

....................................................................................................................................................

....................................................................................................................................................

....................................................................................................................................................

Top Tips: If you get stuck on questions about which way a planet seems to be moving from
Earth, draw a diagram of the Earth’s orbit and the planet’s orbit and mark on a few different positions.
But remember, the planets aren't really wiggling about — it just looks that way to us Earthlings.

14
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Coordinates in Astronomy

Q1

Q2

Q3

Which of the following can be seen from Earth with the naked eye? Circle your answers.
Mercury  Venus  Mars  Jupiter Saturn  Uranus  Neptune @
Tick the boxes to show whether the following statements are true or false. True False
a) All planets in the Solar System travel around the Sun at the same speed. D D
b) The planets all move in the same direction around the Sun D D
€) Mars travels faster than the Earth because it is nearer to the Sun. D D
d) The planet Jupiter sometimes appears to move in ‘loops’ in the sky. D l:]

The positions of objects in the sky are measured using right ascension and declination.

a) Label the diagram using the words given below.

pole star declination right ascengion celestial equator

b) What units are usually used for declination? ..............ccoeevevercveeeruerceereseennn.

©) Why does the pole star appear to be a fixed point in the sky?

15
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Observing the Sky

Q1 From Earth, the Sun, Moon and stars all appear to cross the sky at different speeds.

a) Why do they appear to cross the sky?

b) i) In which direction do they all seem to travel? Circle the correct answer.
northwards eastwards southwards westwards

i) Explain why this is.

Q2 Alex tries to impress a girl with his constellation knowledge by pointing out Taurus in the
night sky. Being a bit of a ladies’ man, he tries this trick again a few weeks later with a different
girl but at the same time in the evening. He notices that he can see different stars now.

Explain why Alex sees a slightly different part of the sky with his latest girl.

Q3 Harry has drawn a diagram to show how far the
Earth moves around the Sun in one sidereal day.

a) What is meant by a sidereal day? )
__ Distant sfers;

directly
overhead again.

Earth's orbii,?-.~
.................................................................. - T——
.................................................................. Dag 1 A overhead.

b) By how much does the Earth rotate in a sidereal day? ................

©) What is the time difference between a sidereal and a solar day? ............ccccovvvieeicciccccciici,

d) On the diagram, draw Harry and the Earth’s relative positions after one solar day.

Q4 Explain why the Moon takes longer than a sidereal day to return to the same position in the sky.

sy A Y G R
.................................................................................................... SNk disks s tioatde’ =
~ while the Earth's spinning? -

TO T' S. Make sure you know your sidereal from your solar day (or you'll never know what
Yy Y b y lory
time to have your lunch), and why the Sun, Moon and stars all seem to cross the sky at different speeds.

16
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Beyond the Solar System

Q1 Fill in the blanks in the sentences below using some of the words from the list.

Milky Way Sun galaxies 100 big asteroids stars Universe billion million

a) The Sun's diameter is about ...........cooeviiieniiciiiiininnns times bigger than the Earth.
The diameter of the Milky Way is about 600 ..........cccoevvciniiceinieiacinnnan times the
diameter of the Sun.
b) Thedistance'between ..............coceviiiiinianiiiiias is usually millions of times more than
the distance between ..........c.c.cccciiiiiiiinnennne. :
ARV LU P g by
A Youdon't needto
Q2 Complete this table using the numbers given below. - Know the figures to
. answer this question. _
504 0 | ||“I‘._\‘
Estimated Age Estimated Diameter
Sun
Milky Way 14 000 million years
Universe Bigger than 100 000 million light years

5000 million years 5000 million years 14 000 million years
12 800 km 100 000 light years 1.4 million km

Q3 The light year is a unit of distance.

a) If the speed of light in a vacuum is 3.0 x 10° m/s, show  — nf;ﬁgszs“;f:?;:?z;é
that 1 light year is approximately equal to 9.5 x 10® m. ", *, T, | | e

b) The most distant objects that the Hubble Space telescope has seen are about 13 billion light years
away. Approximately how many metres are there in 13 billion light years?

¢) A nearby star, Sirius, is 8.2 x 10" m away.
i) Approximately how many light years away is it? .........ocoeeivenieinciisicnnns

ii) If Sirius suddenly exploded, how long would it be before we could know? ...

Top Tips: Wow. The Universe is older and bigger than | can possibly imagine. | tried to
imagine it once, but | felt myself going mad. I'm okay now though. Gark. Gaaaarrrrkk. Yep, just fine.

17
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