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• Your solutions must be uploaded as image files or pdfs.
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Solving Problems

The key to solving any physics problem is to break it down. In George Pólya’s book ‘How to Solve It’, he presents
four steps to problem-solving:

1. Understand the Problem: Identify exactly what information you have and what you need to find. Visualise
the situation—for problems involving forces, the first step is to draw a free-body diagram.

2. Devise a Plan: What physics and maths connect your knowns to your unknowns? Newton’s laws deal with
the resultant force. Your plan will almost always require splitting forces into their x and y components.

3. Carry Out the Plan: Resolve your vectors into their components, set up your equations (e.g. Fnet = ma),
and carefully solve.

4. Look Back: Check your units, and ask yourself: Does this make physical sense? Ensure your final magnitude
and direction align with what your free-body diagram predicted.
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1 Kinematics

1.1 Motion with Constant Velocity

The main purpose of kinematics is to know the position of an object at any given time. The position as a function
of time is described with respect to a certain reference frame by the position vector r⃗ = r⃗(t). This vector is drawn
from the origin of the reference frame to the current position of the object.

x

y

r⃗0 = r⃗(t = 0)

initial position

displacement

current position

r⃗(t) = r⃗0 +∆r⃗(t)

∆r⃗(t)

path of object

Figure 1: Position vector and displacement of an object.

If an object is moving in a straight line with constant
velocity given by vector v⃗, its position vector can be
described by

r⃗(t) = r⃗0 +∆r⃗(t) = r⃗0 + v⃗t

where r⃗0 = r⃗(0) is the position at time t=0.

This is the equation of motion of an object travelling
with constant velocity. We can also write this in the
column vector form:

r⃗(t) =

(
x(t)
y(t)

)
=

(
x0

y0

)
+

(
vx
vy

)
t.

From this we can extract out equations of motion for
the x and y directions independently.

Example 1

At t = 0 a plane has position vector r⃗0 =

(
100
300

)
m. The plane’s velocity is v⃗ =

(
100
25

)
ms−1.

What is the displacement vector ∆r⃗ and the position vector of the plane when t = 4 s?

Solution: We start by drawing a diagram.

x, m

y, m

r⃗0

∆r⃗
v⃗

r⃗(t)

100 500

300

400 The displacement is velocity multiplied by time

∆r⃗ = v⃗ × t =

(
100
25

)
ms−1 × 4 s =

(
400
100

)
m.

We know that ∆r⃗ = r⃗ − r⃗0. Hence r⃗ = r⃗0 + ∆r⃗ =
r⃗0 + v⃗t. Substituting the given values, we calculate

r⃗(t) =

(
100
300

)
m+

(
100
25

)
ms−1 × 4 s =

(
500
400

)
m.

Now try: Position vector r⃗0 =

(
500
250

)
m. The velocity is v⃗ =

(
200
40

)
ms−1. What is the displacement

vector ∆r⃗ and the position vector of the plane when t = 4 s?
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Problem 1 (4 marks)

A gang of smugglers uses a small island as their base. International waters begin exactly 22.2 km East of the island.
The smugglers leave the island on a boat, travelling East at a constant 15 m s−1.

A coastguard vessel is stationed due East of the island, exactly halfway between the island and international waters.
The coastguard does not begin to chase them until the smugglers have been travelling for 10 minutes. Once alerted,
the coastguard heads directly toward the smugglers at 20 m s−1. The smugglers have a short range radar system
that reaches 2.3 km. The exact moment the coastguard enters this radius, they flees West at a speed of 18 m s−1.

Do the smugglers make it back to the island before being caught? State any assumptions in this problem that
would not work in reality.

1.2 Uniform Accelerated Motion

The equations for uniformly accelerating motion (SUVAT equations) can be derived directly from displacement-time
(d-t) and velocity-time (v-t) graphs, seen in Figure 2. The SUVAT equations relate displacement (s), initial velocity
(u), final velocity (v), acceleration (a), and time (t).

Consider an object moving with a constant acceleration, a. Plotting velocity against time, produces a straight line
starting at an initial velocity u (at t = 0) and ending at a final velocity v (at time t). Acceleration is the rate of

change of velocity, i.e. v-t graph slope, a =
v − u

t
. Rearranging this gives: v = u+ at.

time (t)

velocity (v)

t

v = u+ at

u

0

slop
e =

a

ut

1
2 (v − u)t
= 1

2at
2

Area = Displacement
s = ut+ 1

2at
2

Velocity-Time (v-t) Graph

time (t)

displacement (s)

t′
0

s = ut+ 1
2at

2

Tangent Slope =
Instantaneous Velocity
v = u+ at′

Displacement-Time (d-t) Graph

Figure 2: Velocity-time and displacement-time graphs for the same uniformly accelerating body.

Displacement is the area under a v-t graph. We can split this area into a rectangle (representing constant velocity
u) and a triangle (representing the additional velocity gained due to acceleration):

Displacement = Area of rectangle + Area of triangle −→ s = u× t+
1

2
× t× (v − u) = ut+

1

2
at2.

On a d-t graph, this relationship means a constant acceleration produces a parabolic curve, where the gradient of
the tangent at any point gives the instantaneous velocity.

You can find the full derivation of these equations on Khan Academy1.

1https://www.khanacademy.org/science/physics/one-dimensional-motion/kinematic-formulas/a/what-are-the-kinematic-

formulas
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Equation Missing Variable

v = u+ at s

s = vt− 1
2at

2 u

s = ut+ 1
2at

2 v

s = (v+u)
2 t a

v2 = u2 + 2as t

Table 1: All variations of SUVAT equations.

Objects often move in two or three dimensions (like a projectile). Perpendicular components of motion act inde-
pendently of one another, and so the SUVAT equations can be applied to the x and y axes independently using
vectors.

By replacing the 1D displacement s with a 2D position vector r⃗(t), the initial velocity u with v⃗0, and the acceleration
a with a constant vector a⃗, the 1D equation s = ut+ 1

2at
2 transforms into the full vector equation of motion:

r⃗(t) = r⃗0 + v⃗0t+
1

2
a⃗t2 =

(
x(t)
y(t)

)
=

(
x0

y0

)
+

(
v0x
v0y

)
t+

1

2

(
ax
ay

)
t2.

Those who studied calculus are aware that velocity is the derivative of position with respect to time: v⃗ = dr⃗
dt . This

is the equivalent of finding the gradient of a d-t graph. The velocity vector behaves according to:

v⃗(t) = v⃗0 + a⃗t.

As previously mentioned, we can split a vector into their components. A physical example is free fall when the
horizontal motion component is absent (or not of interest). Orienting the y axis upwards, we find the corresponding
component of the acceleration vector to be ay = −g = −9.81 m/s2, yielding y(t) = y0 + v0yt− 1

2gt
2.

Example 2
Two balls are thrown simultaneously in opposite directions along the same vertical line with equal speeds.
One is thrown upwards from the ground, and the other is thrown downwards from a height of h0 = 90 m.
If they collide at 30 m, find their initial speed u. Assume g = 10 m s−2.

Solution: Write down the equations of motion of the two balls:

y1(t) = h0 − ut− 1

2
gt2; y2(t) = 0 + ut− 1

2
gt2.

When the balls “meet” at time t, y1(t) = y2(t), so

h0 − ut− 1

2
gt2 = 0 + ut− 1

2
gt2 ⇒ ut =

h0

2
.

On the other hand, from the equation of motion for the second ball, we have h = ut − gt2/2. Substituting
the above result for ut, we have

h = h0/2−
gt2

2
⇒ t =

√
h0 − 2h

g
. Hence, u =

h0

2t
=

h0

2

√
g

h0 − 2h
≈ 26.0m/s.

Now try: The example with h0 = 9 km and h = 450 m.
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Problem 2 (4 marks)

Inside a vacuum chamber sodium ions are accelerated using a uniform electric field. A Na+ ion starts at rest and
is accelerated to the right of the chamber at 4 m s−2 in 1.4 seconds. After that time the polarity of the field is
instantly reversed and the field accelerates the sodium ion to the left at constant acceleration of 4 ms−2.

Calculate the total distance travelled by the sodium atom before it returns to its starting point and the time taken.

1.3 Projectile Motion

Projectile motion is motion under the influence of gravity. We must take into account both the horizontal and
vertical directions. We can describe projectile motion as a combination of constant velocity motion in the horizontal
direction and free fall in the vertical direction.

If a projectile is launched from the origin with an initial speed u at an angle θ to the horizontal, we can resolve its
initial velocity vector into components:

u⃗ =

(
u cos θ
u sin θ

)
.

Since air resistance is assumed negligible, there is no horizontal acceleration. Gravity acts vertically downwards
(providing an acceleration of −g). Applying our constant-acceleration equations to each axis yields the equations
of motion for the projectile:

x(t) = (u cos θ)t and y(t) = (u sin θ)t− 1

2
gt2.

Because the vertical motion y(t) is quadratic with respect to time, the projectile’s trajectory is a symmetric parabola.
This symmetry is incredibly useful: it means the projectile will reach its maximum height at exactly half its total
time of flight. At the peak of its flight, the vertical component of velocity is zero, and we can define the time to
reach maximum height, tmax:

tmax =
u sin θ

g

Now try to find an expression for the maximum height that particle will reach and the maximum distance it will
travel along the x−axis.

For some additional material see these Khan Academy videos: Horizontal projectile2 and Projectile at an angle3.

Example 3

A stone thrown at an angle θ = 30◦ is at the same height h at t1 = 3s and t2 = 5s. Find the initial velocity
u of the stone.

Solution: Let us start with a quick sketch of the problem.

x

y

(0, 0)

h
t1 = 3 s t2 = 5 s

u

θ = 30◦

Since θ = 30◦, we have sin θ = 1
2 and hence

y(t) = 1
2ut −

1
2gt

2. It is given that y(t1) =
y(t2), so

1

2
ut1 −

1

2
gt21 =

1

2
ut2 −

1

2
gt22

−→ u = g
t22 − t21
t2 − t1

= g(t1 + t2) ≈ 78.5m/s.

Now try: the example with θ = 23◦.

2https://youtu.be/jmSWImPs6fQ
3https://youtu.be/ZZ39o1rAZWY

compos@physics.ox.ac.uk 6 Due: 23:59 BST, 1st October 2026

https://youtu.be/jmSWImPs6fQ
https://youtu.be/ZZ39o1rAZWY
mailto:compos@physics.ox.ac.uk


Year 12 - Physics Assignment 01 COMPOS

Example 4

Sir David Attenborough is observing a colony of penguins in the Antarctic. He watches as some penguins
launch themselves down an icy slope and “fly” off into the water and how others launch themselves out of
the water after fishing. In the middle of these two scenarios there is an iceberg of width w = 2 m floating at
water level. The centre of the iceberg is d1 = 6 m from the base of the cliff and d2 = 5 m.

Penguin 1 is sliding down and launches
off the ice cliff into the air horizontally
from the top edge with a speed of u1 =
6.20 m s−1 at a height H = 8.50 m above
the water level. Penguin 2 has finished
fishing in the water on the other side of
the iceberg. It launches itself out of the
water (towards the left) at an angle of
θ = 60.0◦ to the horizontal, with an ini-
tial speed of u2 = 7.60 m s−1.

Do either of the penguins land on the
floating iceberg?

Ice Cliff

P1

P2

u1

Iceberg

u2

θ

H

d1 = 6 m d2 = 5 m

Solution: For both penguins we need to find the horizontal distances travelled. It is helpful to set the base
of the cliff as the origin and then the iceberg spans from (5, 0) to (7, 0).

Penguin 1’s horizontal motion is given by sx,1 = ux,1t1 + 1
2ax,1t

2
1. The penguin is not accelerating

horizontally, so it simplifies to sx,1 = ux,1t1. We have its initial velocity, but now need the time it takes to
go from top of the cliff to the bottom.

The time taken for the penguin to reach sea level is the same horizontally as it is vertically. So we can write

H = uy,1t1 +
1
2gt

2
1, where uy,1 = 0 ms−1. Rearranging we find t1 =

√
2H
g = 1.316 seconds.

Penguin 1 travels sx,1 = 6.20ms−1 × 1.316 s = 8.16 m and therefore misses the iceberg.

The same approach can be used for Penguin 2, except this time we need to use the given angle θ to find the
components of motion.

We have an expression for the horizontal distance, sx,2 = ux,2t2 +
1
2ax,2t

2
2 = 7.6 cos(60◦)t2 and now need to

find the time taken.

Penguin 2 goes up into the air and comes back down to sea level, therefore its displacement sy,2 = 0. Plugging
in our other knowns we have sy,2 = 0 = 7.6 sin(60◦)− 1

2gt
2
2 = t2(6.58−4.905t2). Solving for t2 = 1.34 seconds.

Penguin 2 travels sx,2 = 7.6 cos(60◦)ms−1 × 1.34 s = 5.1 m and therefore lands on the iceberg.

Now try: The example working backwards. What height would the ice cliff need to be for Penguin 1 to
have landed where Penguin 2 was fishing? Keep initial velocity the same.
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Problem 3 *(4 marks)

In Figure 3, a cannon is placed at the origin on a ramp at angle ϕ to the horizontal. The cannonball is launched at
angle θ to the ramp, and at a velocity v0. Find an expression for the horizontal range the cannonball travels.

θ ϕ

R

v0

Figure 3: Sketch of cannon place on a ramp.

2 Dynamics

The previous section — kinematics — focused on describing how objects move. This section — dynamics — explains
why they move.

2.1 Newton’s Laws

To understand dynamics, we must introduce the concept of force, starting with Newton’s three laws of motion:

I. A body remains at rest, or in motion at a constant speed in a straight line, unless it is acted upon by a net
force.

II. At any instant of time, the net force on a body is equal to the body’s acceleration multiplied by its mass
or, equivalently, the rate at which the body’s momentum is changing with time. Mathematically, this is
commonly written F = ma.

III. If two bodies exert forces on each other, these forces have the same magnitude, but opposite directions.

2.2 Forces

A force is an interaction that can change an object’s motion as described by Newton’s three laws. Forces are vector
quantities (having both magnitude and direction) with an SI unit newton (N). When multiple forces act on an
object, they add to produce a net force, which determines the object’s acceleration according to Newton’s Second
Law, ΣF = ma.

Forces can be categorised as either contact or non-contact.

Contact forces act only when two objects are in physical contact with each other. Common examples include
the normal force, which acts perpendicular to a surface, friction, which opposes relative motion between surfaces,
tension in ropes or cables, and air resistance (drag) which opposes motion through a fluid.

Non-contact forces, also known as ‘field’ forces do not require physical contact. The interactions are enacted
through fields which extend through space. You will have come across gravitational, electric and magnetic fields at
GCSE level.
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2.3 Friction Force

Friction is a contact force that opposes the relative motion or tendency of motion between two surfaces in contact.
It can be classified into two types: static friction and kinetic (dynamic) friction.

Static Friction: When a horizontal force is applied to an object at rest, static friction develops in the opposite
direction and matches the applied force, maintaining equilibrium. The magnitude of static friction increases with
the applied force until it reaches its maximum value. If the applied force exceeds this maximum static friction, the
object loses traction and begins to move, after which kinetic (dynamic) friction acts on the object. The maximum
static friction force is calculated as:

Fs,max = µsFN

where µs is the coefficient of static friction and FN is the normal reaction force. µs, is a dimensionless quantity
that depends on the materials and condition of the surfaces in contact. It represents the ability of surfaces to resist
the initiation of sliding and is influenced by factors such as surface roughness, material properties, and the presence
of lubrication or contaminants. A higher value of µs indicates greater resistance to motion, resulting in a larger
maximum static friction force.

Kinetic (Dynamic) Friction: Once the object starts moving, static friction is replaced by dynamic friction.
Unlike static friction, dynamic friction remains approximately constant and does not increase as the applied force
increases. It can be calculated as:

Fd = µdFN

where µd is the coefficient of dynamic friction.

Box

FN

mg

FpushFs

At Rest

Fpush = Fs ≤ µsFN

Static Friction

Box

FN

mg

FpushFd

a⃗

Fd = µdFN

Dynamic Friction

Figure 4: Sketch of boxes experiencing static (at rest) and kinetic friction (moving with acceleration a⃗).

From everyday experience, you have probably noticed that it is harder to get a heavy object, such as a bookcase,
moving than it is to keep it sliding. This is because, while an object is at rest, the surfaces in contact settle into
the microscopic irregularities of the surface. Consequently, the coefficient of static friction is almost always greater
than the coefficient of dynamic friction (µs > µd). This means there is a distinct drop in frictional resistance the
moment an object begins to slip.

Note that, in physics, if a question states that a surface is ‘smooth’, it means you should assume there is no friction
between the surfaces. In these cases, friction does not need to be included in your force diagrams or calculations.
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Example 5

A worker is trying to push a 50 kg box across a rough horizontal floor. The coefficient of static friction
between the box and the floor is µs = 0.50, and the coefficient of dynamic (kinetic) friction is µd = 0.30.

a) What is the minimum horizontal force the worker must apply to move the box?

b) Once in motion, the worker continues to push with the previously calculated force. What is the
acceleration of the crate?

Solution: First we draw our free-body diagram and resolve the forces in the x and y directions.

50 kg

FN = 490 N

mg = 50× 9.8 = 490 N

FpushFf

y-components

FN −mg = 0 =⇒ FN = 490N

x-components

Fpush − Ff = Fnet

To get the crate moving, the applied force must exactly match the maximum static friction force.

Fs,max = µsFN = 245 N.

Once the crate is in motion, dynamic friction takes over. Newton’s Second Law gives us a relationship
between the resultant force on an object and its acceleration. So we find:

a =
Fnet

m
=

Fpush − µdFN

m
= 1.96 m s−2.

Now try: The example above, using m = 43 kg, µs = 0.24 and ud = 0.17.

Problem 4 (5 marks)

A box of mass m = 67 kg is on a rough horizontal floor. The box needs to be moved. Trying to decide on which
method will require the least amount of effort, Paul says “let’s push the box at angle θ below the horizontal”,
but Emmy says “let’s pull the box at angle θ above the horizontal”. If the coefficient of static friction µs = 0.76,
determine whose idea is best and explain why?

Problem 5 (3 marks)

A block takes
13

7
times longer to slide down a rough slope, as it takes to slide down frictionless slope of the same

length. Both slopes make angle α = 30◦ to the horizontal. Find the coefficient of friction.

2.4 Tension Force

Tension is the pulling or stretching force transmitted along a connection object e.g. strings, cables, or ropes. If
two objects are connected by a taut string, the tension force, T , is the force with which the rope pulls on each of
the objects. You can think of tension as the force you would read if you replaced any section of the string with a
Newton meter. When setting up mechanics problems, we typically make two key simplifying assumptions about
the string; it is massless and inextensible.
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Example 6

In a materials testing facility, two machines (A and B) pull on opposite ends of a steel cable to test its
strength. Each machine pulls with a horizontal force of 10, 000 N. What is the tension in the cable? How
would the answer change if Machine B was replaced by a rigid wall?

Cable
A B

10 kN 10 kN

Two Machines

Cable
A

10 kN10 kN

Reaction

Machine and Wall

Solution: A common misconception is to add the two forces together to get a tension of 20, 000 N.
However, we must look at Newton’s Third Law. The cable pulls on Machine A with tension T , and Machine
A pulls back with 10, 000 N. If the system is in equilibrium (or if the cable is massless), the forces at the
ends must balance. Therefore, the tension transmitted through the cable is exactly T = 10, 000 N.

If Machine B is replaced by a rigid wall, the situation is dynamically identical. Machine A pulls with
10, 000 N, and the wall provides a Newton’s Third Law reaction force of exactly 10, 000 N in the opposite
direction. The tension in the cable remains exactly 10, 000 N.

Problem 6 (2 marks)

A sculpture of mass M is suspended from a horizontal ceiling by two light, inextensible cables. Cable A makes an
angle of 30◦ with the horizontal, and Cable B makes an angle of 60◦ with the horizontal. Find the ratio of the
tension in Cable A to the tension in Cable B.

Problem 7 (5 marks)

Three blocks of mass m1, m2 and m3 connected by light, inextensible cables as shown in figure 5. The blocks are
pulled by a constant force F along a frictionless horizontal table.

m1
T12

m2
T23

m3 F

Figure 5: Three blocks of mass m1, m2 and m3 connected by light, inextensible cables with tensions T12 and T23.

a) Derive an expression for the common acceleration of the system.

b) Derive expressions for the tensions T12 and T23.

c) Show how your previous derivations and expressions change if the blocks were being pulled along a rough
horizontal table with coefficient of dynamic friction µd.

2.5 Pulleys

A pulley is a simple machine consisting of a grooved wheel that rotates on an axle. By looping a rope, cable, or
belt over the wheel, it allows you to change the direction of the applied force or reduce the required force to lift
heavy loads. Pulleys can be used in two primary configurations.
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Fixed Pulley: The axle is attached to a rigid support. This setup does not multiply force; it simply changes the
direction of the applied effort (e.g., pulling downwards to lift a mass upwards).

Movable Pulley: The axle is free to move with the load. This setup acts as a force multiplier. Because the rope
supports the pulley from two sides, the tension required to lift the load is halved. However, to lift the load by 1 m,
you must pull 2 m of rope. The total work done (force × distance) remains the same. For a demonstration see
Pulleys - Mechanical Advantage with Multiplier Types Demonstrated4 a video by Lrn Fzx - Learn Physics.

When solving a pulley problem, remember to break the system down by drawing a separate free-body diagram for
each object and applying Newton’s Second Law (Fnet = ma) to build a system of simultaneous equations. We rely
on a few key assumptions to connect these individual equations together: assuming the string is inextensible means
all connected objects share the same magnitude of acceleration a, and assuming the string and pulley are massless
and frictionless ensures the tension T is constant throughout the entire rope.

Problem 8 (4 marks)

Consider the two block system shown below. Block A is on a rough horizontal surface and is nudged to the right,
whereupon the whole system starts to move. The coefficient of dynamical friction between block and the table is
0.2.

A

8.00 kg

B 6.00 kg

Figure 6: Two blocks connected via a fixed pulley.

a) What is the initial acceleration of the system?

b) What is the tension in the string?

c) If the system is released from rest and Block B strikes the floor after 0.5 seconds, what distance has Block A
travelled in this time?

3 Review Problems

Problem 9 *(10 marks)

For this problem, you will need to use a simulation from the University of Colorado. To access the Projectile Data
Lab, click on the link, or type in https://phet.colorado.edu/en/simulations/projectile-data-lab. Launch
the simulation in your browser (click the play button or download). Select the “Variability” tab and choose Mystery
Launcher 1, select the cannonball as your projectile, and ensure the cannon is raised on its pedestal above the ground
(4th ‘orientation’ option).

At the top right, tick ‘launch angle’ and ‘launch speed’ as well as selecting ‘continuous’ at the bottom of the page.

4https://www.youtube.com/watch?v=ko7-Hb6PHzA
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Figure 7: Screenshot example of Mystery Launcher 1 simulation setup.

Run the simulation. Once you’re fin-
ished, take a screenshot of your simu-
lation setup and results, include it in
your submission.

Using your histogram data, calculate the height of the cannon and provide the upper and lower bounds for your
value. Finally, explain why there is uncertainty in your calculated height. State any assumptions you have made
throughout.

Problem 10 *(8 marks)

Place a coin on a hardback book cover. Slowly open the book, at a certain angle θmax the coin will start to slide.

a) Find an expression for the coefficient of static friction between the book cover and the coin.

b) Try this experiment yourself (you can use any coin), measure the distance and time taken for the coin to
travel across the book cover. Then calculate a value for the coefficient of dynamic friction between the book
cover and the coin. Make sure you include a photo of your experimental setup. Hint: You should make repeat
measurements.

Problem 11 (7 marks)

The system below shows a brick of mass m2 resting on top of a board of mass m1 which is stationary on top of
a horizontal table. The coefficient of static and dynamic friction between the board and the table are µ1. The
coefficient of static and dynamic friction between the board and the brick is µ2.

m3

m2
m1µ1

µ2

Figure 8: Stacked blocks (m1 and m2) connected via a fixed pulley to a hanging block (m3).

Data: m1 = 2 kg, m2 = 2 kg, m3 = 1 kg, µ1 = µ1,s = µ1,d = 0.1, µ2 = µ2,s = µ2,d = 0.35.

a) Describe the motion of the system by considering magnitude friction between three parts of the system.

b) Determine the theoretical minimum mass of the hanging block that would cause the brick to break static
friction and begin slipping across the board.
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Problem 12 *(8 marks)

A champion parkour athlete is in the corner of a room (where two walls meet at exactly 90◦). They are going to
attempt to climb up the corner by pressing their hands and feet against the two walls.

a) Assuming they push symmetrically on both walls, find an expression for the minimum force which each one
of the limbs must exert on the wall to stay in place. Make a free body sketch of the problem.

b) Find an expression for the minimum coefficient of static friction required to be able to do this.

c) Estimate the force values and friction coefficient, if someone were actually doing this. State your assumptions
and comment on the result.

Problem 13 *(10 marks)

This problem uses the Ballistic Cart simulation or navigate to https://physics.bu.edu/~duffy/classroom.html.
Once open, then select ‘Physlets in the First Semester’, and click ‘A ballistic cart’ under the Motion in 2-D section.

Figure 9: The two simulation set-ups for the ballistic cart: horizontal surface, and sloped surface.

Explore the simulations. We are interested in the two cases seen in Figure 9: the horizontal case, where the cart
moves with constant velocity, and the ramp case, where the cart moves down the slope.

Assume that each grid square represents 1 meter and time is measured in seconds.

a) Calculate the speed the cart is moving in the horizontal case.

b) Assuming the cart on the slope starts from rest, calculate its acceleration down the slope.

c) Using your simulation data, calculate what the theoretical difference in the time of flight for the ball will be
between the cases. Does your calculation agree with the simulation? If there is a discrepancy, suggested an
explanation to it.

d) When the cart is on the flat, it moves at a constant speed, so it makes sense that the ball catches it. However,
down the slope, the cart is accelerating. Explain why the ball still manages to land perfectly inside the
accelerating cart. Hint: consider the components of acceleration.

Problem 14 (6 marks)

It takes a plane 23 seconds from when it started to accelerate to reach take-off speed. Hafsa and Max are sitting
on this plane, they want to estimate how fast the plane is going at the moment they take off.
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Experiment 1 - Hafsa’s Idea

Hafsa dangles her pen by a piece of string, she watches as it moves backwards making an angle of 18◦ to the vertical
as the plane accelerates.

Experiment 2 - Max’s Idea

Max lays a water bottle on its side, aligned with the aisle. As the plane accelerates, he measures the distance it
slides along the length of his seat. He repeats the experiment 18 times during this period, with the water bottle
travelling the full length of the seat each time.

Estimate the take-off speed Hafsa and Max will each find, give your answers in kmph. State any assumptions you
have made to get there. Then comment on which experiment you think is better.

Note: you may take the coefficient of dynamic friction between a water bottle and the walkway to be µd = 0.21.
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A Key Equations

Description Formula

Velocity v⃗ as the rate of change of displacement s⃗ v⃗ =
ds⃗

dt

Acceleration a⃗ as the rate of change of velocity v⃗ a⃗ =
dv⃗

dt
=

d2s⃗

dt2

Kinematic equations for constant acceleration (SUVAT)

v = u+ at

s = ut+
1

2
at2

s =
1

2
(u+ v)t

v2 = u2 + 2as

Newton’s Second Law (Resultant force ΣF ) ΣF = ma

Maximum static friction force Fs(max) with normal reaction R Fs(max) = µsR

Dynamic (kinetic) friction force Fk with normal reaction R Fk = µkR

B Now Try Examples - Answers

Example 1: ∆⃗r =

(
800
160

)
m, r⃗(t) =

(
1300
410

)
m.

Example 2: u ≈ 158 m s−1

Example 3: u ≈ 100.4 m s−1

Example 4: H = 15.4 m

Example 5: a ≈ 0.69 m s−2
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