
5.1. PROJECTILE MOTION 

5.1.1. PROJECTILE MOTION AT HORIZONTAL, VERTICAL AND OBLIQUE ANGLES 

HORIZONTAL LAUNCH 

- The only force acting on a projectile during its flight is its weight, which is the force due to gravity	, 𝐹! 	= 	𝑚𝑔.  
- This force is constant and always directed vertically downwards. This motion is known as free fall.  
- For horizontal launches, the initial vertical velocity is 0 

 

 

 

 

 

 

 

 

 

OBLIQUE LAUNCH 

- For objects launched at an angle to the horizontal, the initial horizontal and vertical velocities can be calculated 
using trigonometry  

- At its highest point, the projectile is moving horizontally. Its velocity at this point is given by the horizontal 
component of its launch velocity. i.e. the vertical component of the velocity is zero at this point 

- As with projectiles launched horizontally air resistance is ignored, the only force that is acting on a projectile is 
gravity 

- The horizontal and vertical components of the motion are independent of each other and so they must be 
treated separately  

Note that: 

- For a projectile launched at an angle to the horizontal, trigonometry can be used to find the initial horizontal and 
vertical components of its velocity. Pythagoras’ theorem can be used to determine the actual velocity of the 
projectile at any point, as well as its direction with respect to the horizontal plane 

- It is best to break down values into their horizontal and vertical components, e.g. 
o For initial velocity 𝑢" = 𝑢𝑐𝑜𝑠𝜃, and  𝑢# = 𝑢𝑠𝑖𝑛𝜃 

- Further it is essential to take the vector nature of motion into account, i.e. we call the upwards vector quantities 
positive, and the downwards vector quantities negative. 

- The acceleration due to gravity affects only the vertical component of motion. Knowing this we can derive further 
equations, such as: 

o 𝑆" = 𝑢"𝑡 
o 𝑆# = 𝑢#𝑡 +

$
%
𝑔𝑡% 

o 𝑣# = 𝑢# + 𝑔𝑡 
o 𝑣#% = 𝑢#% + 2𝑔𝑦 

- REMEMBER THAT AT THE TOP OF MOTION 𝑣# = 0, FOR ALL PROJECTILES 
- For projectiles that are launched and land at the same high, their motion will be symmetric. This means that the 

final velocity is equal in magnitude (but in opposite direction) to the initial velocity (𝑣# = −𝑢#) and it will take the 
same time to go up as it takes to godown 
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altitude of about 36 000km and orbit with a period of 24 hours are known as geostationary satellites (or 
geosynchronous satellites), most communications satellites are geostationary. 

 

LEO AND GEOSTATIONARY SATELITES  

 Low-Earth Orbits Geostationary Satellites 

Radius 6521km to 8371km ≈ 42000 km 

Time Taken to Orbit 90 minutes to 130 minutes 24 hours 

Gravitational Potential 
Energy 

Lower (lower altitude) Higher (higher altitude) 

Kinetic Energy Higher (faster speed) Lower (slower speed) 

Advantages - Efficient & detailed mapping of 
earth 

- ↓ transmission delay 
- Energy-efficient launches (↓ fuel)  

- No orbital decay 

Disadvantages - Subject to atmospheric drag 
- Friction with air particles  → 

energy loss via heat  → orbital 
decay  

- Momentary field-of-view = 
continuous coverage through 
satellite constellation 

- Transmission delay (0.25s) 

Uses - Communication 
- Space telescopes 
- Remote sensing  
- Space stations 

- Communication 
- TV broadcasting  
- Weather forecasting 
- GPS (global positioning system) 

 

 

 

KEPLERS LAWS OF PLANETARY MOTION #𝑣 = %&$
'
& AND 	#$
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Johannes Kepler, a German astronomer, published his 3 laws regarding the motion of planets in 1609. The laws are: 

1. The planets move in elliptical orbits with the sun 
at one focus 

2. The line connecting a planet to the sun sweeps 
out equal areas in equal intervals of time 

3. For every planet, the ratio of the cube of the 
average orbital radius, r, to the square of the 

period, T, of revolution is the same, i.e. /
)

-"
=

𝑎	𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 𝑘. 

 

- The speed, 𝑣, of a satellite can be calculated from its motion for one revolution. For simplicity, we will assume 
that the orbital paths are approximately circular. Therefore, the speed, v, of a satellite in a circular orbit is given 
by: 

o 𝑣 = <D)*'F0N
*D=N

= %,/
-

 , where: 

§ r is radius of the orbit (m) 

Geosynchronous orbits have the same   periods as earth; however, isn’t positioned over 
equator (traces our ‘figure of 8’ path instead). 
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- If a moving charge experiences a force of constant magnitude that remains at right angles to its motion, its 
direction will be changed but not its speed 

o As a result, the electrons will follow a curved path of radius r. 
- In this case the magnitude of the net force acting on the change is 𝐹FN* = 𝑚𝑎, the centripetal acceleration, 𝑎0 =

("

/
 

o And since, 𝐹 = 𝑞𝑣𝐵 (at right angles), then: 

𝑞𝑣𝐵 = 𝑚m
𝑣%

𝑟 n 

𝑟 =
𝑚𝑣
𝑞𝐵  

• r = radius of the path (in m) 
• m = mass of the particle (in kg) 
• v = speed of the charge (in 𝑚	𝑠+$) 
• q = charge (in C) 
• B = magnitude of the magnetic field strength (in T) 

 

6.2. The Motor Effect 

6.2.1. interaction between a current-carrying conductor and a magnetic field 

Maximum and minimum force 

- The force a charge experiences within a magnetic field is equal to 𝐹 = 𝑞𝑣𝐵𝑠𝑖𝑛𝜃 
o And so, since 0° < θ < 90° 
o 0 < sinθ < 1 ⟹ ∴ the max force will be experienced when the velocity of the particle is perpendicular to 

the magnetic field, at θ = 90°; and 
o The minimum force will be when the velocity is parallel (θ = 0°) to the magnetic field   

6.2.2. force between two conductors 

Amperes law states that the sum of all the magnetic field elements, B, that make up the circle surrounding the 
wire is equal to the product of the current in the wire and the permeability of free space (a constant 𝜇%). Which 
can be expressed in the following equation: 

𝐵 =
𝜇(𝐼
2𝜋𝑟

, 	𝑤h𝑒𝑟𝑒: 

• B = magnetic field strength (in T) 
• 𝜇( = magnetic permeability of free space = 4𝜋 × 10*+𝑁	𝐴*' 
• I = current (in A) 
• r = distance from the wire (in m) 

 
- Assume there are two parallel current carrying wires, conductor A and conductor B.  

o The magnetic field produced by wire A seen at wire B, is given by: 

𝐵, =
𝜇(𝐼,
2𝜋𝑟

		 
o The magnetic force created by a current carrying conductor is given by 

𝐹 = 𝑙𝐼𝐵𝑠𝑖𝑛𝜃 
o The force experienced by wire B, due to the magnetic field from wire A, is then given by 

𝐹- = 𝑙𝐼-𝐵,𝑠𝑖𝑛𝜃	 
o Since, the magnetic field and current-carrying conductors are perpendicular to each other (i.e. θ= 

90°), the equation becomes 
𝐹- = 𝑙𝐼-𝐵,                            

o Substituting equation 1 into 2 gives 

⟹ 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛	2 

⟹ 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛	1 
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The higher the temperature of an object, the higher the frequency and the shorter the wavelength of the emitted 
radiation. As temperature increases, electromagnetic radiation is emitted at increasingly higher frequencies. i.e.  

- Relatively cool objects, such as the human body, emit infrared radiation 
- At higher temperatures, objects emit radiation with a higher frequency and may have a red glow (e.g. bar heater) 
- At even higher temperatures, for example 2000 K, objects such as the filament of an incandescent light glow 

yellow or white. 
- Very hot objects, at temperatures of 106 K or more, emit most of their radiation within the gamma and X-ray 

regions of the electromagnetic spectrum. 
 

Re-radiated electromagnetic radiation 

Radiant energy interacts with matter in three ways. Often times it is a combination. It can be: 

o Reflected 
o Absorbed 
o Transmitted  

 
- Each of the gases in the earth’s atmosphere absorb a very narrow band of λ of the incoming solar radiation 

(depending on the nature of the gas). 
o The smaller the molecules absorb shorter wavelengths 

 

Wiens Law 

Wilhelm Wien, a German physicist, formulated laws that describe the properties of heat radiation. 

- He discovered that the peak wavelength at which an object will emit the maximum intensity of radiation is 
dependent on its surface temperature 

o Mathematically expressed as: 

𝜆='" =
𝑏
𝑇		 , 𝑤ℎ𝑒𝑟𝑒: 

Ultraviolet (UV) UV light waves have shorter wavelengths than visible violet light. UV light 
constitutes about 10% of the suns total EMR output. 

Visible Light Small band of wavelengths that can be detected by human eyes. Some animals 
can also detect other EMR 

Infrared (IR) Infrared or heat radiation is emitted by all objects that are not at absolute zero. 
The hotter the object, the more radiation that is emitted and the shorter its 
wavelength within the infrared band. 

Microwaves Can heat up food, allow remote communications and radar uses. Produced by 
the spin of electrons or nuclei. λ range from 1nm to 10cm 

Radio and 
Television 

Electrons oscillating in a conducting wire, produce radio and television waves 
that bring movies, pictures and sound to mobile devices. Longer λs can be 
transmitted across very long distances  
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The anodic end of the cathode ray 
tube appears to glow when a current 
is flowing.   

  

As light is energy, the glow of the 
anode suggests that energy passes 
from the anode to the cathode. This 
is where the assumption that current 
is the flow of positive charge, 
because it was assumed that the 
anode was negative.   

Maltese Cross – a Maltese cross was 
placed in the cathode ray tube. It cast 
a shadow (within the anode glow) in 
the shape of the cross.   

 This suggests that the cathode rays 
travel in straight lines, which allows 
them to cast such a clear-cut shadow.   

Cathode rays deflect in magnetic and 
electric fields   

  
Suggests that they have a charge.   

Paddle Wheel – a paddle wheel was 
placed within the cathode ray. When 
hit by the cathode ray, the paddle 
wheel moved.  

 

Suggests that the cathode rays have a 
mass because they are able to 
transfer momentum.  Waves do not 
have a mass, therefore suggests that 
cathode rays are streams of particles.   

 

- Experiments with cathode rays determined that cathode rays are particles with mass and a negative charge, 
which travel in straight lines.   

 

 

Thomson’s Charge-to-Mass Experiment 

- Thompson determined the charge to mass ratio of electrons, by equating the 
forces exerted by the electric and magnetic fields.   

- He did this by firing an electron into a set magnetic field, measuring the radius 
of the circular motion, then using an electric field to deflect the electron to 
travel in a horizontal line. If the forces of the two fields cancel each other out 
they must be equal.   

- Since the forces exerted by the electric and magnetic fields are equal, the 
velocity can be determined.   

- The charge to mass ratio was determined to be 1011C/kg, meaning 
that for every kg of mass there is 1011 coulombs of charge. Since it is 
known that the mass is relatively small, the charge of an electron is 
relatively large.   

 

 

Millikan’s Oil Drop Experiment 
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o Most of the atom was empty space 
 

Chadwick’s Discovery of the Neutron 

 
- Chadwick discovered an unknown radiation, which was produced when alpha particles were passed through 

Beryllium or Boron metal.   
o Be or B used because they have more neutrons than normal (elements 1-20 usually have 1 neutron for 

every proton, but beryllium and boron have an extra one).   

- When passed through paraffin wax, the wax emitted protons, with a large amount of kinetic energy.   

- He concluded that the unknown radiation was a particle with no charge (as it did not deflect in electric or 
magnetic fields) and a mass similar to the mass of a proton (to account for the mass required to not violate the 
law of conservation of momentum).   

- This led to the development of a new atomic model which included a densely packed nucleus with protons and 
neutrons.   

 

8.3. Quantum Mechanical Nature of the Atom 

8.3.1. Limitations in Rutherford and Bohr’s Atomic Models 

Rutherford’s Model   

Limitations:  

- Did not explain the composition of the nucleus, only suggested its existence.   
o Suggested that electrons were arranged around the nucleus like planets orbiting the sun.   

▪ It was known that moving charges produced EMR and therefore should be constantly losing 
energy (kinetic) and not be able to maintain their orbit. Rutherford had no way to explain this.   

▪ He could not determine why the negatively charged electrons did not collapse into the 
positively charged nucleus.   

Bohr’s Model   

- Postulates: 
o Electrons orbit in a circular path around the nucleus under the influence of electrostatic attraction.   
o Electrons can only exist in specific energy states (energy shells) around the atom and will not lose 

energy when orbiting at these specific energy states.   
o Electrons can only move between these specific energy states when additional energy is input (i.e. from 

a light) and EMR is released when the energy state decreases, in accordance with E = hf 

o The angular momentum of electrons is quantised as multiples of ]
%,

 since they orbit in specific circular 

orbits.   

- These postulates both qualitatively and quantitatively account for the unique spectral lines of each element since the 
energy levels at which the electrons orbit is unique to each element.   

Limitations:  
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