
 

 

Water & Heat 

Water is 20 times more dense than air this means it is a better conductor of heat than air. 

Divers will lose heat 20 times faster in water than they will in air 

 

Heat Transmission 

Conduction: Heat removal via direct contact 

Convection: Heat removal via fluids or gas 

Radiation: Heat removal via electromagnetic waves 

Divers are most affected by Conduction 

 

 

Water & Light 

Diffusion: Scattering of particles stops light reaching depth 

Absorption: Water absorbs colours at different depths, starting with Red then Orange etc.  

Refraction: Light bends as it passes from water to air – This causes objects to appear 33% larger 

or closer at a ratio of 4:3  (an object 4 meters, will appear 3 meters away) 

Turbidity: Particals in the water like silt or rainwater run-off in highly turbid water can cause 

objects to appear further away this is known as Visual Reversal 

Reflection: Light bounces off the surface off the water reducing the amount of light that can reach 

depth – the larger the angle the greater the reflection 

 

Water & Sound 

Water is more dense than air this causes it to have more elasticity 

Sound travels 4 times faster in water than in air due to the elasticity 

Due to the sound hitting both ears almost simultaneously underwater divers have trouble knowing 

the direction from where a sound has come from and it appears to always to be overhead 

 

 

 



Pressure & Depth 

Calculate pressure in salt and fresh water 

Remember the pressure volume density table from your open water course: 

Depth Pressure Volume Density 

0 (sea level) 1 1 1 

10 mts 2 ½ X 2 

20 mts 3 1/3 X 3 

30 mts 4 ¼ X 4 

40 mts 5 1/5 X 5 
 

Note this is a simple way of calculation and is only for Salt Water but always draw it for every test as 

a guide 

Now we need to be more accurate and also calculate for fresh water: 

Pressure increases by 1 ATM every 10 metres of salt water  

Pressure increases by 1 ATM every 10.3 metres of fresh water 

We take our depth and divide it by the above figure, ie 10 for salt and 10.3 for fresh. 

So at 25 msw we would divide by 10, this gives us 2.5 Bar 

But at 25 mfw we would divide by 10.3, this gives us 2.43 Bar 

This is called our Gauge Pressure and should always be calculated first. 

Then we add the atmospheric pressure which is 1 Bar and never changes whether it is fresh or 

salt water. 

So for the above 

25 msw = 2.5 Bar plus 1 bar = 3.5Bar 

25 mfw = 2.43 Bar plus 1 bar = 3.42 Bar 

This is called our Ambient (surrounding) Pressure or our Absolute (total) Pressure 

 

 

 

 

 

 

 



Boyles Law 

The volume of a mass of gas is inversely proportional to its pressure 

(at a constant temperature) 

If you double the pressure then you half the volume 

 

P1 x V1 = P2 x V2 

P1 = Initial Pressure, V1 = Initial Volume, P2 = Final Pressure, V2 = Final Volume 

Example 1 

5lts at the surface taken to 10 msw (mts salt water) 

P1 = 1 (Bar at the surface), V1 = 5 (Volume at the surface), P2 = 2 (Bar at 10 msw), V2 = ? 

P1 X V1 = P2 X V2  

1 X 5 = 2 X ?  

5 = 2 x ? To find our answer we need to equalize the equation, we do 
this by dividing both sides by P2 2  2 

2.5 = V2  
 

Or a more simple method 

Bring your volume to the surface, then take it back to depth. 

Example 2 

10 lts at 20 msw taken to 40 msw 

10 x 3 (10 litres x (we are going up so volume will increase)  3 (Pressure at 20 msw) 

10 x 3 = 30 litres 

Now take it to 40 msw 

30 / 5 (30 litres / (we are going down so volume decreases) 5 (Pressure at 40 msw) 

30 / 5 = 6 litres 

Example 3 

20 lts at 30 mfw (fresh water) taken to 15 mfw 

20 x 3.91 = 78.25 ltrs at the surface 

78.25 / 2.46 = 31.8 

 

https://www.thoughtco.com/definition-of-inverse-proportion-605257


Archimedes Principle 

An object wholly or partially immersed in a fluid is buoyed up by a force equal to the weight of the 

fluid displaced by the object 

So if we know how much water is displaced from an object we can calculate its buoyancy. 

Firstly we need to know how much water weighs. 

1 litre of Fresh Water weighs 1 Kg 

1 litre of Salt Water weighs 1.03Kg 

An Example 

We have a block that displaces 10 litres of Fresh water 

10 litres x 1Kg = 10Kg up buoyant force 

If the block weighed 15 kg 

Then 10Kg – 15kg = -5kg 

This would be negatively buoyant 

If we wanted to make it neutrally buoyant we would need to add air to a lift bag 

5kg / 1ltr = 5 ltr of air. 

 

The same example with salt water 

We have a block that displaces 10 litres of salt water 

10 litres x 1.03Kg = 10.3Kg up buoyant force 

If the block weighed 15 kg 

Then 10.3Kg – 15kg = -4.7kg 

This would be negatively buoyant 

If we wanted to make it neutrally buoyant we would need to add air to a lift bag 

4.7kg / 1.03ltr = 4.56 ltr of air. 

 

Now if the question asked how much air needs to be pumped from the surface you multiply your 

answer above by the depth of the object in Bar. 

If the block was sitting in 20 mts then 

Freshwater = 5 x 2.94 = 14.7 ltrs 

Saltwater = 4.56 ltrs x 3 = 13.68 ltrs 

 



At the surface – 1 Bar ata 

Oxygen – 21% = 0.21 bar 

Nitrogen – 79% = 0.79 bar 

Total of both gases 

100% or 1 Bar 

At 10 mts – 2 Bar ata 

Oxygen – 21% = 0.42 bar 

Nitrogen – 79% = 1.58 bar 

Total of both gases 

100% or 2 Bar 

At 40 mts – 5 Bar ata 

Oxygen – 21% = 1.05 bar 

Nitrogen – 79% = 3.95 bar 

Total of both gases 

100% or 5 Bar 

 

Air Consumption 

The deeper you dive the more gas you consume, the shallower you dive the less you consume 

To calculate gas requirements we need to know our SAC (Surface Air Consumption) rate. 

This can be found by finding out how much air a diver consumed in a minute then calculate what 

that is at the surface. 

Example: 

A diver uses 15 Bar in 5 Mins at 20 msw using an 10 litre tank. 

15 Bar in 5 mins = 3 Bar in 1 min 

3 Bar taken to the surface (Divide as we use less at the surface) / 3 = 1 Bar per Minute 

1 Bar x 10 litre (size of tank) = 10 litres per Minute – this is our SAC rate 

 

If we were to go on a dive to 30 mts for 15 minutes using a 12 litres tank how much air do I need 

using the above SAC rate? 

4 Bar (30 mts) x 10 lts/min = 40lts per min 

40 lts x 15 mins = 600 ltrs 

600 / 12 (size of tank) = 50 Bar Required Tank Pressure 

 

 

Daltons Law – Partial Pressure 

The sum of all gases will be equal a whole (100%) 

The percentage (%) of a gas will never change, but the partial pressure will change with pressure. 

Example using air: 

 

 

 

 

 

 

 

 



When a diver breaths oxygen at depth this can become toxic. We can use the above to calculate our 

partial pressure of oxygen (ppO2) and check it against know safe limits. These are: 

Maximum: 1.4 Bar ppO2 

Contingency 1.6 Bar ppO2 

 

Contents of a Tank V Breathing from a Tank 

The contents of a Scuba tank never change no matter the depth because it is a non-flexible 

container. 

Once the gas is released from the cylinder, ie we breathe from it, then the partial pressure is 

affected by the pressure, for example: 

A Cylinder that contains 2% Carbon Monoxide (CO2) will still contain 2% at whatever depth we take 

it. 

If we breath from the tank at 30 mts (3ata) it will be the same as breathing 6% at the surface  

(3ata x 2%) 

 

Henry`s Law 

If the pressure increases (gets more), the more gas will be dissolved (go into) the liquid.  If the 

pressure is decreased (gets less), the gas will come out of the liquid 

 

E.g.  If you shake a Coca-Cola bottle, you’re building up pressure inside the bottle, forcing gas into 

the cola.  When you quickly open the bottle you decrease the pressure and all the gas comes out of 

the cola.  THE BUBBLES! 

 

 

Saturation: 

When the pressure (an amount) of gas that has been forced into a liquid is the same as the 

surrounding pressure (outside pressure).  Like when shaking the Coca-cola bottle, you can shake it all 

you want until there is no more gas to be dissolved.  It has reached an equal pressure so the 

pressure is therefore the same inside the bottle as the pressure outside the bottle. 

 

Super-saturation: 

When the pressure becomes less, the same as when you open the Coca-Cola bottle, the gas that was 

dissolved into the liquid starts coming out of the liquid (out of solution).  If it is controlled the 

bubbles come out slowly.  However, if the pressure is released too fast, the bubbles will come out 

too fast as well. 
 


