

https://mstcreator.wixsite.com/mst-creator/

v 1.1 Table of Contents 7/21/2023

Table of Contents

Table O0f Contents . o ittt e ettt e ittt et e et ie et 1
Newton’s Laws of Motion & MOmMEeNntUM. . . . v vttt ittt ittt ettt e eeeeaeenen 3
Newton’s Laws Of MOt iomn ..ttt ittt it e et e e et e e et e et eaeeeen 3
The FirsSt LaW « ottt ittt ittt ettt ettt e ettt eeeaneeesseeeeeeeeenas 3
The SeCONA LaW « v i v ittt ittt it ittt e ettt ettt ettt tae e eaneeeaneeeans 3
The Third LaW oottt ittt ittt ettt ettt et ettt aaneeeseeeeeeeeeenas 3
Momentum (Linear MOMENTUIM) v v v it vttt ittt et ettt ettt eeeeeeeeeneeeenneees 4
Key Information & v it ittt et e et e e et et e e e e e aesaeee sl eeeseeeeeeans 4

L@ B = i I o = JE e ............. 4
Linear Momentum éq .............. 4
Linking Momentum and Newton’s Laws ........ o 4
Wedght vttt e e et e e e e et et et 6
Key Information ........c.eeiiuieeeennenn. 6
Measuring Mass & Weight 6
Normal Contact Force .......... 6
Non-Uniform Motion................ 7
Viscous/Drag Force .......... X 7
Terminal Velocity & Air 7
Immersing an Objec 8
Free Body Diagrams 9
Linear Momentum & 9
Conservatio(:g‘ 9
COLLisions ...t s e e 10
Using the Principal of Conservation of Momentum ................... 10
MOmMENTUM & TmMPU L SE & vt vttt et et et et et et et et et ee e esasasesesenesesesass 11
DerivVIng ImMPULSE v vttt ittt et ettt e oo e eeeeeesaesoeeseeeeeeeeeeeaeeans 11

A RevVE LAt dion it ittt i e e e e e e e e e e e e e e e e e e e e 11
Elastic & Inelastic Collisions @it iii ittt ettt eeeeeaeeeeans 12
Elastic Collisiomns ittt ittt ettt ettt tteieeeeeeeeenan 12
Inelastic CoOllisions vu vttt ittt ettt ettt ettt eiieeeeeeeennnn 12
Past Paper QUESTIONS . v it ittt ittt ettt et et eeeeeeaeeeeneeeeaaeeoneenns 13
Question 1 [May/JdJune 2009 21 1 ui ittt ittt ittt et eeeneeeeeeeeeeeennnnas 13

Dynamics Page 1


https://mstcreator.wixsite.com/mst-creator/

v 1.1 Table of Contents
Question 2 [May/June 2020 13] i iii ittt ittt eeennnnnnn

Question 3 [May/June 2020 21] .. ittt eeennnn
Question 4 [Feb/Mar 2023 12] cu v iu it ettt eenennnn
Question 5 [May/June 2016 23] .ttt ittt it eennnnnnnn
Sources (and Resources) Used. . .v .ttt et teneneeen.

Licencing Information. .. ...ttt eennnnnnn.

7/21/2023
................ 14

Dynamics


https://mstcreator.wixsite.com/mst-creator/

v 1.1 Newton’s Laws of Motion & Momentum 7/21/2023

Newton’s Laws of Motion & Momentum

Newton’s Laws of Motion

Mass is the property of an object which resists the change in motion.

The First Law

“Every object continues to stay in its state of rest, or with uniform
velocity, unless it 1is acted upon by a resultant force.”

This tells us that a force disturbs the state of rest or velocity of an
object, this property of staying in a state of rest or iform velocity

is known as “inertia”.
The Second Law p é

“For an object of constant mass, 1its accelerat& directly proportional

to the resultant force ap@ o it.”

1. Tells us what happens if a force is e:@ on an object which causes
the velocity to change.

The second law..

— A force exerted on an object m increase/decreases its speed or
change its direction of motio
2. Relates to magnitude of this eration to the force applied.

| Word Equation: | symbol Equation:

F =ma

Q@ quations

Resiltant Force = Mas

A Newtons (n)
Mass Kilograms (kg)
Acceleration Meters/second? (ms~2)

The Third Law

“Whenever one object exerts a force on another, the second object exerts and
equal and opposite force on the first.”

As mentioned, when we for example push a trolley, the following happen:

1. We exert a force on the trolley (because we push it).
2. The trolley exerts and equally strong force on us (as it has mass
which resists the change in motion, the friction, etc.).
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Momentum (Linear Momentum)

Key Information

— The momentum of an object is defined as a product of its mass (m) and
velocity (v).

— It is a vector quantity.
— Has the unit of kgms™! or Ns.
Equations
Word Equation Symbol Equation

Momentum = Mass X Velocity

Quantity

Momentum
Mass kg
Velocity ms-

Linear Momen

4

Momentum has two types:

1. Angular Momentum

2. Linear Momentum 0

In AS Physics, we don’t really n concern ourselves with Angular
Momentum so when we talk about tum, we are referring to Linear
Momentum.

(m) and velocity (v).

By linear momentum we ab@ about the product of an object’s mass

Linki
L 2
"”

*
Newton’s first law

mentum and Newton’s Laws

First Law (p = constant)

ates that every object continues in a state of
rest, or with uniform velocity unless acted upon by a resultant force.

1. This in terms of momentum would mean that if an object maintains a
uniform velocity, its momentum does not change.
2. Same goes for when it is at rest, momentum does not change.
p = constant(provided there is no external resultant force)
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The Second Law (F = Ap/At)

We know that Newton’s second law states force as a product of an
object’s acceleration and mass.

This concept can be expressed in terms of momentum:

1. As we know, acceleration is the rate of change in velocity.

2. This means that the product of acceleration and mass, we could also say
that it is the product of mass and the rate of change in velocity.

3. For an object of constant mass, the force would be the same as the rate
of change in (mass x velocity).
This gives us the following statement:

“The resultant force acting on an object is proportion to the rate of
change in its momentum.”

4. This can be rephrased to say that the force is the f change in
momentum (because mass x velocity is the formulQ\ omentum) .
The constant of proportionality is made to one& alked about earlier,
this gives us the statement:

“The resultant force acting on an object ual to the rate of change of

momentum of t]ﬁ Ject.”
As a formula, we can write: ere:

F Ap 0 » F is the resultant force.
At Q » Ap is the change in momentum.

» At is the change in time.

Q&le Third Law

is equal to the rate of change in momentum.

We already know that

he third law to:
oo
“The rate of chd&nge omentum due to the force on one object is equal and
opposite to the Trate of change of momentum due to the force on other
object.”

1. This allows us.fo
*$

2. This means that when 2 objects collide/exert force, they experience an
equal and opposite force on themselves.
3. This means that their changes of momentum are equal & opposite as well.
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Weilght

Key Information

. Weight is the effect of a gravitational field acting on a mass.

. It is equal to the product of an object’s mass & acceleration of free
fall.

. Has the unit of Newtons (N).

W =mg or  Weight = Mass X Acceleration of free fall
Note: If the object is on earth, we take g as 9.8Ims™2.

Measuring Mass & Weight
Measuring Weight e

Weight is usually measured using a Newton balance.

. This is done by hanging the object to the hook alance.

. The weight of the object is balanced out by a from the spring in
the balance.

. From a previous calibration, the force is d to the extension of

the spring and shows us the magnitude of eopposing force which is
also the weight of the object.

Top-pan Balance Lever Balance

The term balance refers to th 0 This is when we have a balance
balance of forces. which acts like a seesaw.

Here, the unknown for o the Basically, we find the mass of the
weight) is balanced rce object by balancing its weight
which is known thro ious using counterweights of known
calibration ofegh mass/weight.
o 2
A

ormal Contact Force

An object always has weight even when it is at rest. Normal Contact
Force (R) T

l
l,l

e

The reason for this is related to Newton’s first law
and means that the resultant force is ON.

—

This means that there is a force of equal and
opposite magnitude on the force which is exerted on
the object by the floor.

[V [
Tﬁe

This opposing force is the “normal contact force”.

Weight (W),

%
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But wait.. Isn’t This Related to The Third Law?

No, it is not.

The reason for this is because the forces of the third law always act on
different bodies rather than the same.

Here, the forces act on the same object and is therefore not the case.

Non-Uniform Motion

Let’s saw we pull a box along a surface. Hormal Contact
Force (R)

When this happens, there are four main forces
acting on the box:

. Weight of book (W)

. Normal Contact force (R) Py Q

. Frictional force (F) 1 W BT Force (P)
. Pulling force (P) @W}__ b

The magnitudes of both forces (P and F) al o

change the motion of the box: Helght (W)

. P is greater than F:

This results in the box accelerati@@he force of P overpowers the

force of F.

. P is equal to F:

This results in the object mo at uniform velocity where it neither
accelerates nor decelerates

cous/Drag Force

This term is used t ibe the frictional force in a fluid.

*
We can find bhj:t‘f

As the viscosif& o fluid increases, so does the frictional force
(same goes the other way round).

ven that we know how viscous the fluid is.

Terminal Velocity & Air Resistance

If you think about it, air counts as a fluid and therefore the air
resistance is the viscous or drag force.

Usually, we Jjust ignore the air resistance but there are times when it
is crucial.
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Explaining Terminal Velocity

When an object falls through a resistive fluid, the velocity of the
object doesn’t increase forever.

It reaches a maximum velocity called “terminal velocity”.

This is because, as time goes on, the drag force increases until
eventually the drag force and weight of the object falling balance out
which leaves us with the object falling at a constant velocity.

The Graph
As said earlier, as time goes on, the object’s 1
acceleration falls due to the increasing drag
force until both forces cancel out and we are
left with no acceleration meaning uniform
velocity (terminal velocity).

ocity
1
| -3
| @
| =
=
15
Gi
o,
[s]
9]
e
ct
<

On the graph, we would see a curve similar to PN
the one shown on the right. \

o Time
Immersing an Objec@:o a Fluid
When an object is immersed into a b@such as oil), it experiences

v

three main forces:

The wviscous force.

. The upthrust force. Z
. The weight. @
Qh Upthrust Force

into a fluid, it experiences a greater
face than on its top surface which results in

When an object is su

pressure on i§§ b
an upward fo)c%

£ 4
The Forces

If we were to drop a ball into a fluid, the
forces would act like so:

. Viscous force acting upwards. 4
. Viscous Force
. Upthrust force acting upwards. and Upthrust
. Weight force acting downwards. '

Object
Velocity

Weight
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Reaching Terminal Velocity

As an object falls through a fluid, the wviscous force increases along
with the object’s velocity.

The ends up with the total upwards force balancing with the total
downwards force:

Weight = Upthrust + Viscous Force

This causes the acceleration to become zero and therefore achieves
terminal velocity.

Free Body Diagrams

These are diagrams which shows the object which we care out and all
the forces which act on it.

This gives us a clearer picture of the situation aa@s it easier for

us to find the answer.

Linear Momentum & It onservatlon

Conservation Momentum

Let’s take a system of 2 particles whiléh exert a force on each other:

E : F ‘E |
a force F on particle 2, this causes
—-F on the first (due to the third law).

Let’s say that particle
particle 2 to exert a

Thinking in terms of um:

The change in ﬁ@me
and opposite t he

the second particle due to the first is equal
ge in momentum of the first particle.

This is as a resul
second particle.

of the force exerted on the first particle by the

This leads to the changes in momentum of both particles to cancel out
which results in the momentum of the system of these two particles to
remain constant meaning that the particles just “exchanged” momentum.

As an equation, we would see:
p = pq + p, = constant
Where

» P = total momentum. » P1 & p2 = individual momenta.

Dynamics


https://mstcreator.wixsite.com/mst-creator/

v 1.1 Linear Momentum & Its Conservation 7/21/2023

| More General Explanation

“If no external force acts on a system, the total momentum of the system
remains constant or is conserved.”

The fact that the total momentum of an isolated system is constant is
the principle of conservation of momentum is due to the third law.

| what is an Isolated System?
An isolated system is simply a system on which no external force acts.

Think of it like a little box which is not affected by the rest of the

universe.
Collisions e
Let’s say two balls collide in a closed system: Q
Before: Aftex: é
U4 Uz v Vs
—_ — —

o «

— Ball 1 has:

1. Mass m;. 0
2. Initial velocity (before collisi ui.
V1.

3. Final velocity (after collisi

@lision) -uz.

lision) wv3.

«

Where...

— Ball 2 has:
1. Mass my.
2. Initial wvelocity (b
3. Final velocity (af

Using ;?
Using the prfﬁ@ﬁpal
the isolated syste

pal of Conservation of Momentum

nservation of momentum, the total momentum of
s constant.

This concept shows that we must equate the total momentums before and
after the collision:

Momentum before Collision: Momentum after Collision:
m1u1 - m2u2 —m1v1 + mzvz
Total Momentum:

mu, —myoUy, = —MqVq + myv,
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Solving Questions Related to Conservation of Momentum

Questions usually ask us to find some unknown variable (such as u or v).
The best way to go around doing this question is:

. Draw a diagram showing the situation before and after the collision with
the velocities and their directions.

. Obtain an expression for total momentum before and after the collision.
. Now we can equate the momentums from step 2 and solve to get the unknown
variable.

Momentum & Impulse

Impulse is the product of a force acting on an object and the time for
which it acts.

This is given by the formula: E Q

impulse = FAt 0\
Deriving Imp ‘
If we remember Newton’s second law, we kno formula:

A
L)
When we rearrange to make Ap the s@t, we get:

% FAt
@Qevelation
ormula, we see that Ap = AFt.

of a force is equal to the change in

If we look at the deri

This means that the
momentum (Ap)z

Usually, we gffﬁnsk
know the other wvari es.

things (such as the value of F) given that we

This means that we can equate the change in momentum to impulse and
solve for force.

FAt = my(uy + v1) —my(uy + vy)

Dynamics Page 11
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Elastic & Inelastic Collisions

We decide whether a collision is inelastic or elastic depending on how
much of the kinetic energy was conserved.

Elastic Collisions

This is when the total kinetic energy before collision is equal to the
total kinetic energy after the collision.

If we took the figure from the previous section, the equation for
kinetic energies would look like so:

1 2 1 2 1 2 1 2
Emlul + Emzuz = Emlvl + = 2 myou,

For a perfectly elastic collision, we would see that

U +u, =v,+v,

This only works when the initial velocity is e the final
velocity.
Elastic collisions only work for collision olecules or atoms unlike

large-scale collisions such as snooker b

The snooker ball collisions can never astic because there is a
chance some of the energy becomes nd heat energy.

However, we usually just assume % collision is perfectly elastic.

Inech Collisions
This is when there is a da e between the initial and final kinetic

energies.

There are a few thin hould know:

1. The total energ he same (due to the conservation of energy).
2. The kinetic ené‘g s as the rest of the energy is transferred into
some other energy es (such as heat or sound).

3. The momentum remains equal (due to conservation of energy).
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Past Paper Questions

Question 1 [May/June 2009 21]

A ball B of mass 1.2kg travelling at constant velocity collides head-on
with a stationary ball S of mass 3.6kg, as shown in Fig.

\Y/
“llali"

mass 1.2kg mass 3.6kg

Fig. 2.1
Frictional forces are negligible.
The variation with time t of the velocity v of before, during and

after colliding with ball S is shown in Fig

Fig. 2.

Q’b

[

*

-2

. State the significance of positive and negative wvalues for v in Fig 2.2.
It indicates that the ball is moving in the negative direction.
. Use Fig. 2.2 to determine, for ball B during the collision with ball S.
a. The change in momentum of ball B.
We can take the values of the highest and lowest values in fig 2.2 and
put that into the formula for change in momentum:

1.2(4 + 0.8) = 1.2(4.8) = 5.76 Ns
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b. The magnitude of the force acting on ball B.

Here we can use the formula Ft=Ap.

Where Ap is 5.76 and t is 0.08 (The x-axis distance for the fall):

Now, we can put these values into the formula and make F the subject:

_Ap 576

=——=72N
t 0.08 ‘Eﬁy
3. Calculate the speed of ball S after the collision. g

One key thing to remember is that Ap before the co is going to be

equal to Ap after the collision. 0\
576 =3.6 xv “}
5.76 B
vzzTig—ziL61ns
4. Using your answer to (3) and informatio Fig 2.2, deduce the
quantitively whether the collision is ic or inelastic.
We know that the initial velocity is 4 -1 and the velocity at

separation is 2.4 ms™! (0.8 + 1.6)
Since there is a difference betw@the two, we can say that collision is

inelastic as the velocities a equal (they would be equal if the
collision was elastic).

? [May/June 2020 13]

ertically downwards and then hits a horizontal

Ques

A ball of mass m t

floor at spe%@ﬁ.
It rebounds vergilca pwards with speed v.

a time At.

What is the average resultant force exerted on the ball during the

collision?

The collision last

A B c D
mv —mu mv —mu mv +mu mv + mu
At At At At
Downwards Upwards Downwards Upwards
Explanation:

We are asked for the resultant force therefore we use Ft=Ap.

mv—(—mu) _ mv+mu
At T At

Since we know that we must find the force acting on the ball, we can

say that it acts upwards (as it rebounds).

Dynamics Page 14

Rearranging this we get F =

(assuming upwards is positive).



https://mstcreator.wixsite.com/mst-creator/

1.

2.

v 1.1 Past Paper Questions 7/21/2023

Question 3 [May/June 2020 21]

Define Velocity

Velocity 1s a vector quantity which measures the rate of change in
displacement.

A rock of mass 7.5kg is projected vertically upwards from the surface of
a planet. The rock leaves the planet’s surface with a speed of 4.0 ms™?!
at time t = 0. The variation with time t of the velocity v of the rock is
shown in Fig. 1.1.

Fig. 1.1

5_

4 4
. <
|
ORI L
—
O
OO T T T T T
o 0 1 2 ‘E
> -1

Assume that the planet does not h atmosphere and that the viscous
force acting on the rock is alwa ro.
a. Determine the height of th above the surface of the planet at
time t = 4.0s.
Let’s split this upad @ections:

t.
nce at t = 4 from the maximum point.

1. Finding maximum

2. Subtracting th
°

Part 1: > VY

Here, we can®sim ind the area under the graph in positive area:

Smax = 1/2 X 4 X 2.5=5m

Part 2:
This is when we find the area above the gradient in the negative
direction:

Snegative = 1/ X 24X 1.5 = 1.8m
Now, we can subtract these two values to give us the height at t = 4:
Sheight =5-18=3.2m
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b. Determine the change in momentum of the rock from time t = 0 to time

t = 4.0s.

Simply use Ap=m(v—u) like so:

Ap =7.5(—4—2.4) =48 Ns

c. Determine the weight W of the rock on this planet.

To find weight, we can use the formula FAt=Ap.

In this equation, we can replace F with W which gives us:

WAt = Ap
We now simply rearrange and substitute the values in:
Ap 48 12N
W= W=7=

. In practice, the planet in (2) does have an atmosphere that causes a
viscous force to act on the moving rock.

State and explain the variation, if any, in the result @orce acting on
the rock as it moves upwards.

As the rock moves upwards, the velocity decreases. é

As the velocity falls, so does the viscous forc \

This causes the resultant force to reduce as w

Explanation:

To make life easier, we first make a lit rawing. Velocity
This helps us visualize the forces:

1. Velocity: acting upwards (as it @LOWD

2. Weight: Acts down (naturally) g

3. Viscous Force: Acts down (opp to velocity).

4
Qs it goes up and

iscous force also decreases Viscous Force
elocity.

Obviously, the rock decelera
therefore velocity decre
Since velocity falls,
as it is dependent o

Weight
Since the viscous £ acting downwards, it causes
the resultant ’@r crease.
o¢ "
® 0
Qu ion 4 [Feb/Mar 2023 12]
Which expression defines force?
A (mass X change in speed) X time taken Explanation:
mass X change in speed We know that the formula of F in

B - terms of momentum is:

time taken FAf = A
C (change of momentum) X time taken =Aap

Therefore, the answer is:
F change of momentum
time taken orce = time taken

change of momentum
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Question 5 [May/June 2016 23]

1. State the law of conservation of momentum.

The total momentum of a system stays constant given that it is a closed
or isolated system.

2. Two particles A and B collide elastically, as shown in the figure below:

Before Collision After Collision

Y

y—-direction

o o x—direction 2
_________ — Ve

/. o
500 ms" At Rest g’__'_62___
\\E@o _’—\ x-direction

VE
The initial velocity of A is 500 msZ} e x-direction & B is at rest.
The velocity of A after the collis@s va at 60° to the x-axis. The
velocity of B after the collisio vs at 30° to the x-axis.
The mass of each particle is x10-27 kg.

@ particles colliding elastically.
before the collision is equal to the total
collision.

ial momentum of A and B.

Momentum = mass X Velocity

Momentum = (1.67 X 10727) x 500

Momentum = 8 X 1072° Ns

a. Explain what is meant
The total kinetic
kinetic energy af

b. Calculate th§

¢
L 24 ‘<.

®
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3. State an expression in terms of m, velocities va and ves for the total
momentum after the collision.
a. In the x-direction,
muv, cos(60°) + mvg cos(30°)
Explanation:
Here, we use basic trigonometry where we take the hypotenuse as the
momentum for both speeds and use cos to find the length of the
horizontal direction (adjacent).
For example, for wva:
momentum of A =m X v,
hyp = mv, and 6 = 60°

adj
cos(60°) = #

Similarly, we do the same for vs and then add wi adjacent value
of vs.

A
muv, cos(60°) = adj 3‘0

L/

b. In the y-direction, ‘\

mv,sin(60°) + mvgsin
Explanation:
Similar to part a, we use the trigonom functions except we find

the opposite (vertical direction) ratherWthan the adjacent.
For example, if we wish to find
Mome

hyp

ical of vs:

= mvg
and 6 = 30°
> opp

T mug

in(30°) = opp

e momentum of mva in the y-direction and
lculated from mvs.

Again, we use mva t
add to the momentu

*

"”

®
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4. Calculate the magnitudes of the velocities va and vs after the collision.
Here, apply the conservation of momentum:
Initial Momentum = Final Momentum

Therefore, we can equate the y and x components before and after the
collision:

8 x 1072% = mw, cos(60°) + mvg cos(30°)
0 = mwv,sin(60°) + mvgsin(30°)

Let’s start with simplifying the x-component:

8 x 1072% = mw, cos(60°) + mvg cos(30°)
— Remove the mass values which leaves us with just the speeds:

500 = v, cos(60°) + v cos(30°) 0
— Simplify the equation: bq

3

500 = 4 | Ve V3 N\
2 2

1000=UA+173\/—0

Now, we simplify the y-component:

0 = muvysin(6 5sin(30°)
— Now, divide by m which would gi 0 on the other side:

(60°) + vp sin(30°)

LA

y act in opposite directions.
g and the make one of the velocities as the

— We subtract va from
Now we keep on sim
subject:

*

"”

®

O=\/§UA—UB
Up =\/§UA

Now, we can substitute vg into the x-component equation:

For wva: For wvs:
1000 = v, + (V3 v,)V3 vg = V3 x 250
1000 = v, +3 v, vg = 433.01
1000 =4 v,
250 - UA

Therefore:

va = 250 ms?

ve = 433.01 ms!
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Sources (and Resources) Used

Most of the information has come from the AS & A Level Physics Student
Book by Hodder Education.

Other resources/tools have also been used and are listed below:

Name

Save My Exams LINK Mainly understanding
concepts to make them
YA\ [0} =Y LINK sj_mpler

Canva LINK Designing of figures

—_— and di%ams
Geogebra LINK agrams

Papa Cambridge LINK

Questions

AS/A Level Syllabus LINK ecking syllabus

Word 2010 LINK Creating the notes

Word 365 LINK Exporting and stuff
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https://mstcreator.wixsite.com/mst-creator/
https://www.hoddereducation.co.uk/subjects/science/products/16-18/cambridge-international-as-a-level-physics-3rd-e
https://www.hoddereducation.co.uk/subjects/science/products/16-18/cambridge-international-as-a-level-physics-3rd-e
https://www.savemyexams.co.uk/
https://znotes.org/
https://www.canva.com/
https://www.geogebra.org/m/bAnquQpH
https://papacambridge.com/home/index.php
https://www.cambridgeinternational.org/Images/554625-2022-2024-syllabus.pdf
https://en.wikipedia.org/wiki/Microsoft_Office_2010
https://en.wikipedia.org/wiki/Microsoft_365
https://mstcreator.wixsite.com/mst-creator
http://creativecommons.org/licenses/by-nc-nd/4.0/?ref=chooser-v1
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