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Mike Follows 



explains how the Dambusters’ famous bouncing 









bombs were developed. As well as discussing the physics, this 









article also illustrates the process 



of 

research and development 









O 









n 16 



May 1943, 

19 



Lancaster bombers, 

led by 



Wing 









Commander Guy Gibson, lifted into 



the 

darkness from 









Scampton Airfield 



in 

Lincolnshire. They were soon 









to 



claim their place 

in 



history 

as the 



legendary ‘Dambuster’ 









squadron. Operation Chastise was one 



of the 

boldest aerial raids 









of the 



Second World War, when two vast German dams were 









breached using bombs that ricocheted across 



the 

water surface. 









The price 



of its 

success was 



the 

loss 



of 

eight planes: 



53 of the 









133 men who 



set out 

that night would never return. The floods 









it 



caused drowned 1300 people. 









This story focuses 



on the 

physics 



of the 

‘bouncing bomb’, 









invented 



by Barnes 

Wallis. Though Wallis gets 



the 

credit, many 









others made critical contributions. 









Building 



a 

scale model 









Barnes Wallis was 



an 

engineer employed 



by the 

Vickers aircraft 









company. 



He 

was determined 



to 

find 



a 

way 



to 

destroy Nazi 









Germany’s ability 



to 

wage 



a 

war 



by 

damaging 



its 

energy supplies; 









hydroelectric dams were 



the 

targets. 









Mike Follows 









The terms in bold link to topics in the AQA, Edexcel, OCR, WJEC and 
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specifications. 









The design of the bouncing bomb involved 



density 

calculations, 









estimates 



of 

force 



using an 

energy 



approach, and calculations 









involving 



projectiles 

using ‘suvat’ 



equations of motion. 
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The 



Air 

Attack 



on 

Dams Committee was 



set up in 

1941 and 









one 



of its 

members, William Glanville, suggested building 



a 

one- 









fiftieth scale model 



of the 

Möhne hydroelectric dam (Figure 1). 









The 100 



g of 

gelignite used 



on the 

model was equivalent 



to a 









10-tonne bomb. The model showed that breaching 



the 

German 









dam would require 



a 

30-tonne bomb (carrying 



14 

tonnes 



of 









explosives) 



to be 

detonated within 



50 

feet 



(15 m) of the 

wall 



— 









well beyond 



the 

payload 



of 

current bombers and beyond 



the 









accuracy 



of 

their crews. But 



in 

March 1942 



Dr A. R. 

Collins, 









who worked 



for 

Glanville, used 



a 

contact charge 



to 

demolish 









one 



of the 

damaged models. 



He 

submerged 



the 

explosive 



on the 









reservoir side and placed 



it in 

direct contact with 



the 

wall. With 









the 



water 

in the 



reservoir still behind 



the 



dam, 



the 



explosion 









was much more destructive. 



A 

contact charge was then used 



to 









breach 



the 

disused Nant-Y-Gro dam 



in 

Wales. Scaled 



up to the 









German targets, only 



2.7 

tonnes 



of 

explosive would 



be 

required. 









Even with 



its 

steel case, 



the 

cylindrical bomb would only 



be 4.3 









tonnes (Box 



1), 

which could 



be 

lifted 



by a 

Lancaster bomber. 









Bouncing balls 









How could Wallis 



get a 

bomb past 



the 

torpedo nets that protected 









the 



dam, and make 

it 



‘stick’ 

to the 



dam wall? 

He 



remembered 









that Admiral Nelson increased 



the 

range 



of his 

cannons 



by 









ricocheting 



the 

balls 



off the 

surface 



of the 

sea. 









Wallis started with 



a 

spherical bomb. 



He 

thought 



it 

would 









travel further because 



its 

contact area with 



the 

water would 



be 









minimised. Also, 



the 

shape 



of its 

wetted surface would 



be the 









same 



on 

each bounce, leading 



to a 

predictable trajectory. But 



it 









sank after fewer hops than expected. When 



it 

made contact with 









the 



water, 



the 



bottom surface 

of the 



sphere was slowed down 









more than 



the 

top, and this exerted topspin. 









To 



counter this, Wallis launched 

the 



balls with backspin. This 









probably followed 



a 

suggestion 



by the 

Vickers experimental 









manager, George Edwards. 



A 

keen cricketer, Edwards knew 









that 



the 

more backspin 



is 

applied 



to a 

cricket ball, 



the 

higher 









it bounces. 









Backspin creates aerodynamic lift. Figure 



2 

shows 



a 

ball with 









backspin moving from right 



to 

left. Relative 



to the 

ball, 



the air 









Figure 1 



The Möhne dam, site of the Dambusters raid 









Box 1 



Bomb dimensions 











At the time, Torpex was the most advanced explosive, composed of 









RDX, TNT and powdered aluminium in the proportions listed in Table 









1.1. The mass of explosive needed was 2.7 × 10 









3 









kg, and the Torpex 









was encased in 



a 

1-inch thick steel shell (1 inch = 2.54 cm). To fit the 









launch cradle, the cylindrical bomb had to be 



5 

feet (1.52 m) long. 









Table 1.1 



The composition of Torpex 









Chemical 









% composition 









Density/kgm 









–3 









RDX 









42 









1820 









TNT 









40 









1650 









Powdered aluminium 









18 









705 









The radius of the bomb, and hence the volume and mass of the 









steel casing, can be calculated using the data given above, together 









with the density of steel (7900 kg m 









–3 









). 









The explosive occupied 



a 

cylinder of length 1.47 m (≈ 1.5 m). To 









contain the required amount 



of 

Torpex, the radius of this cylinder was 









0.6 m, and the mass of steel required for the casing was 1.6 × 10 









3 









kg, 









giving 



a 

total mass 4.3 × 10 









3 









kg. 









Visit the online extras for this article to see details of the 









calculations — but have 



a 

go yourself first. 













Figure 2 



Sketch of the Magnus effect 









Magnus force 
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Box 2 



The impact force 









Assuming that, before ricocheting, the bomb sank to half its diameter 









when it struck the water, and considering only its vertical motion, we 









can estimate the average force, 



F, 

exerted on the bomb by the water 









as it sank and came momentarily to rest. 









If the bomb, mass 



m, 

fell from 



a 

height 



h, 

its kinetic energy, 



E, 









when it hit the water was: 











E 



= 



mgh 









(2.1) 











where: 











g 



= 10 N kg 









–1 











If the bomb sank to 



a 

depth 



r, 

then the work done in bringing it to 









rest was: 











E 



= 



Fr 









(2.2) 











So: 











F 



= 









mgh 









r 









(2.3) 











Using the ‘high’ drop height of 46 m: 









F 



= 









4.3 × 10 









3 









kg × 10 N kg 









–1 









× 46 m 









0.6m 









= 3.3 × 10 









6 









N 











is 



moving from 

left to 



right and 



is 



deflected downwards 

in its 









wake. 



As 

described 



by 

Newton’s third law 



of 

motion, 



the 

ball 









exerts 



a 

downward force 



on the air, so the air 



exerts 



an 

equal 









and opposite (upwards) force 



on the 

ball. Relative 



to the 

ball, 









backspin makes 



the air 

above 



it 

travel faster while 



the air 

below 









travels more slowly. According 



to the 

Bernoulli principle this 









leads 



to a 

reduced 



air 

pressure above 



the 

ball and 



an 

increased 









pressure below 



it, 

providing 



an 

upwards force. 









This Magnus effect would also push 



the 

bomb towards 



the 









dam wall 



as it 

sank: water would pass faster over 



the 

side 



of 









the 



back-spinning bomb next 

to the 



wall, reducing 



the 



pressure 









there. Ensuring that 



the 

bomb stayed close 



to the 

dam wall 









was critical. 









Finally, 



the 

backspin 



of the 

bomb would probably help create 









a 



bow wave ahead 

of it 



that acted like 



a 



waterski jump, helping 









to 



launch 

the 



next hop. 









Cylindrical bombs 









From 



4 

December 1942, prototype bombs were dropped 



in the 









lagoon behind Chesil Beach 



on the 

Dorset coast. These spherical 









bombs disintegrated 



on 

impact with 



the 

water surface, 



so a 









cylindrical shape was adopted (Figure 



3). If 

made 



to 

spin 



at 

450 









to 



500 revolutions 

per 



minute, 

the 



bomb acted like 

a 



gyroscope 









and was virtually impossible 



to 

deflect from 



its 

course. 



It 

would 









lose some spin each time 



it 

bounced, 



so it 

was released with 



a 









fast spin 



to 

ensure 



it 

was still spinning when 



it 

reached 



the 

wall. 









Engineers used their experience and ingenuity 



to 

combine 









bits 



of 

familiar equipment 



to 

make 



the 

weapon work. The bomb 









was too 



big to fit 

inside 



the 

bomber, 



so it 

was cradled beneath 









using 



a 

pair 



of 

V-shaped struts. These were hinged where they 









attached 



to the 

aircraft fuselage. When 



the 

bomb-aimer pressed 









his 



release button, 

the 



bottoms 

of the 



struts were pulled apart 

by 









a 



powerful spring arrangement. There were free-spinning discs 









at the 



bottom 

of 



each strut that mated with support rings 

on the 









ends 



of the 

cylindrical bomb. One disc was attached 



by a 

pulley 









to a 



variable hydraulic motor 

in 



order 

to 



spin 

the 



bomb, and 









hydrostatic fuses were inserted 



so the 

bombs would detonate 



at 









a 



depth 

of 10 m. 









The explosive and casing were not homogeneous, 



so 

small 









variations could make 



the 

spinning bombs vibrate 



out of 

their 









cradles and drop prematurely. Therefore each bomb was spun 



on 









a 



test 

rig 



and balanced 

by 



attaching small masses 

at 



appropriate 









places 



on the 

casing 



to 

minimise 



the 

vibration (like balancing 



a 









car 



wheel when fitting 

a 



new tyre). 









It 



was important that 

the 



bombs 

did 



not break apart due 

to 









the 



force they experienced 

on 



impact with 



the 



water (Box  

2). 









Also, 



the 

bombs would ricochet only 



if the 

angle 



of 

impact 









between their trajectory and 



the 

water surface (Box 



3) was 

less 









than 



a 

limiting angle. Equations developed 



by 

scientists such 



as 
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