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[bookmark: _Toc137806434]Abstract
The Battle of Agincourt took place on October 25th, 1415, in Azincourt, Northern France. The battle was between the English army led by King Henry V against the French army led by King Charles VI. The battle took place during the Hundred Years’ War. King Charles VI was absent during the actual battle therefore the French were led by Constable Charles D’Albret. Many historians believe the main factor for the English win was the performance of the Longbow and its ability to puncture heavy armour although others do doubt this theory as being the decisive factor for the English victory. This report discusses the performance of the Longbow including the bodkin point arrow and many other factors such as the weather, armour, leadership, and formation that may dispute this theory. Overall, it can be assumed that many people will have their own decisive factor for the English victory but what can be said about the performance of the Longbow was that it played a vital role during the Battle of Agincourt. 
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1. The Battle of Agincourt
The Battle of Agincourt took place on October 25, 1415, in Azincourt, Northern France. The battle took place during what was called the Hundred Years’ War which lasted between 1337 – 1453 [1]. The Hundred Years’ War lasted nearly two centuries [1]. The English Army was led by King Henry V [Fig.01] while King Charles VI did not lead the French Army but instead was led by the Marshal of France, Boucicaut, and Charles D’Albert, the Constable of France [2]. 
[image: Henry V]
Figure 1- King Henry V. Source: Adapted from [1]
King Henry V took the English throne in 1413 which was during a period of calmness where no fighting had taken place due to a truce that was said to have been declared in 1396 which was to last 28 years due to the marriage of the French King Charles VI daughter to Kind Richard II of England. However, this was disregarded when King Henry V decided to renew his need for English claims in France [1]. King Henry sailed from Southampton to the French Coast on August 11th, 1415, and started their campaign at the port of Harfleur [Fig.02].
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Figure 2- Route to Agincourt. Source: Adapted from [16]
This was not a great start to the war as King Henry V lost more casualties than anticipated and cost a lot of money [2]. On October 25th, 1415, King Henry led the English army into battle in the village of Azincourt approx. 45 miles south of Calais. The battle is said to have lasted for around three hours but could have been as short as half an hour [1]. The true figure for casualties for both sides is said to be unknown although it is estimated that the English army lost around 400 men and the French army lost around 6,000. The English army was mostly made of archers who originated from England and Wales while only a small number were made up of men-at-arms and knights wearing heavy armour [3]. The French army mostly in heavy armour found it difficult to adapt to the wet terrain and would end up slipping on the heavily wet mud. When this occurred, they would either be caught up in a crush and trampled to death or suffocated [3]. Those lying close to the English army who did not immediately die were pounced on by the English who were wearing minimal or no armour at all and able to quickly severely injure or kill them [3]. When the English took many French as prisoners King Henry V was worried that they might take up arms and renew the fighting therefore, he decided to task his men to execute all prisoners which was undertaken apart from a small number of French who were spared [3]. King Henry V and the English army were successful in winning the battle although they eventually lost the war which was concluded in the Battle of Castillon in 1453 which ended the Hundred Years’ War.  
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2. Weaponry
During the Hundred Years War there were not many weapons that could be used compared to the 21st century choice of weaponry but the weapons that were used can be seen as the best of their time. The French opted for the use of the crossbow which was capable of shooting a heavy arrow, or bolt. The downside to using a crossbow was the time it would take to reload [4]. Although it could be assumed that the crossbow would have been a very effective weapon in battle, could it be as effective as the longbow [Fig.03]? 
[image: ]
Figure 3- Longbow. Source: Adapted from [15]
The longbow was used by most of the English army at Agincourt as most of the English army was made up of archers. The longbow was said to have impressed the English when it was used by the Welsh during the Norman English invasions [5]. The construction of the longbow consisted of drying yew wood for one to two years and slowly shaping it in the longbow shape during that time although it was possible for it to take up to four years [5]. The length of the longbow ranged from between 5 to more than 6 feet. Over the years of use of the longbow, it was believed a shortcut could be obtained by wetting the wood to speed up the process [5]. The bow stave was created with heartwood on the inside (able to resist compression) and the use of sapwood (performed better with tension) on the outside [5]. The longbow could reach up to around 180 – 270 yards but the accuracy of hitting a target at that range was reduced therefore, the best tactic for the archers was to unleash multiple arrows in quick succession to the area to increase the chance of hitting its target [5]. English archers are said to have been able to fire up to 20 arrows per minute (1 arrow every 3 seconds) although it is probably assumed more around 10 arrows per minute (1 arrow every 6 seconds). To make the longbow more effective a bodkin arrow [Fig.04] was added to the tip of the arrow which could be said to have the ability to penetrate armour including chain mail [5]. 
[image: ]
Figure 4 - Bodkin Arrow. Source: Adapted from [13]
Bodkin arrows were said to be made from either iron or steel as they were deemed to be strong enough to have the ability to pierce armour making them an important upgrade on the traditional arrow [6]. The French knights wore heavy armour weighing around 60 pounds [7] which in reality would help deflect arrows in perfect conditions, but the day of the battle was anything but. 


3. The Longbow – The decisive factor in the battle?
There are many historical authors who refer to the bodkin arrow as to being the contributing factor to the English win against the French army at Agincourt, however, there are others who discredit this or provide other factors which contributed to the win. For purposes of this report the information on the Longbow and Bodkin arrow were provided to create a technical argument [Fig.05]. 
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Figure 5 - Bodkin Arrow and Longbow figures. Source: Adapted from [16]
There are arguments that the bodkin arrow couldn’t penetrate armour therefore it would be beneficial to try and calculate if it was possible. By using the information from [Fig.05] to work out the kinetic energy of the arrow then the answer can be seen [Fig.06] which gives the energy as 165J. 
[image: ]
Figure 6 - Figure 5 - Kinetic Energy Equation.
The main question is whether the bodkin arrow could indeed puncture armour therefore an estimate can be achieved from using the Krupp Formula [Fig.07]. 
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Figure 7 - Krupp Formula. Source: Adapted from [8]
The Krupp formula was designed during the era of battleships [8] therefore can only be taken in this case as an estimate and not a true representation. The Krupp Formula is defined as follows:
· B – Thickness or armour penetrated.
· V – Velocity of shell on impact.
· P – Projectile Mass.
· D – Projectile Caliber.
· K – Resistance constant.
The resistance factor in the calculation was set to 2400 as this was the average value for standard armour which was used during the soviet years [8]. The thickness of plate armour used at Agincourt was averaged around 2.5mm – 4mm. From the Krupp formula it is estimated that an arrow hitting a stationary target had the potential to penetrate the armour of approximately 2mm, therefore just falling short of the minimum of 2.5mm. An arrow hitting a knight on horseback is estimated to have the potential to penetrate approximately 3mm, therefore, it proves in fact it did have the potential to penetrate armour. Based on the Krupp formula it provides evidence that there is a possibility that the bodkin arrow could penetrate armour although there are additional factors that would have contributed to the English win. 


4. Additional Factors to Consider for the English Victory
The Longbow including the bodkin arrow may have been a factor in which contributed to the English army winning at Agincourt but there could be additional factors that also helped win the battle. 
    4.1 Weather
The weather in the days leading up to the battle was said to have been heavy rain rendering the battlefield waterlogged [9]. The night before the battle it was said to have rained all night [10]. 
    4.2 Formation
The English formation [Fig.08] was key due to being smaller than the French army. The English army lined up within a confined area flanked with woodlands where experienced archers laid and waited on both flanks while protecting the front line were sharpened stakes (approx. 6 ft.) stuck out angled from the ground [11]. In lining up this way it ensured the French would end up crushing themselves as they advanced towards the front of the English line.
[image: Agincourt Battle Lines]
Figure 8 - English Formation. Source: Adapted from [11]

    4.3 French Horses
When the French attached with their knights on horseback they came across a volley of arrows. Many knights were knocked off their horses making them fight on foot on the muddy battlefield eventually crushing one another. The horses hit with a barrage of arrows therefore turned and headed startled towards the French forces causing many to be crushed or trampled [11]. With horses weighing up to 800kg and running up to approx. 30MPH. By using the Kinetic energy Formula this would mean the horses had potential energy of up to 71824J [Fig.09]. 
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Figure 9 - Kinetic Energy for Horses
    4.4 French army 
French knights wore armour weighing up to approx. 60 pounds which would have made it very difficult for them to walk let alone fight with that weight on such a muddy battlefield. A study took place in 2011 which detailed the “significant energetic cost of moving in armour” would have had on the knights wearing armour during the Battle of Agincourt [12]. When the first wave of the French attack was unsuccessful, and they began to retreat they were met by the second wave of attack from their own making them basically crush each other [11].  D’Albret the Constable of France was said to be an experienced soldier but due to only having a minor title the French troops, therefore, never took his commands seriously therefore, not taking his orders during the battle heavily weakened the French Army [13]. With this being the case, it would be assumed that there would have been a breakdown in the chain of command and during decisive decisions, this resulted in mistakes being made. 
    4.5 English army
When King Henry V left Southampton in August 1415, he led a strong army of approx. 11,000 men in a quest to reclaim lost territory and reassert himself as the claim to the French throne. To fund this King Henry V borrowed millions from lenders and gave them pieces of royal treasure as guaranteed repayment [3]. Henry was also rumoured to have made his men spend the night prior to the battle in total silence with warnings such as knights losing their horses and the lower ranks the loss of their right ear if they did not comply [3]. King Henry V also killed the majority of French prisoners during the battle in fear if kept they would restart the battle. King Henry V was also said to be “hard and domineering” which may be the case why his men always obeyed their orders due to his ruthlessness and cruel personality [14].   


5. [bookmark: _Toc290554245][bookmark: _Toc299621210][bookmark: _Toc299631435][bookmark: _Toc299631497][bookmark: _Toc299631587][bookmark: _Toc299631663][bookmark: _Toc137806463]Conclusion
The longbow itself could be assumed to be the deciding factor which contributed to the English win at Agincourt but once you dive deeper into research there are many factors which may contradict this statement. The following conclusion based on the factors discussed within this report will set out the argument of whether the Longbow was or wasn’t the deciding factor. 
1. The weather was not in the favour of the French as the battlefield was waterlogged and proved extremely difficult for their (majority of men) knights to fight in their heavy armour. It basically rendered them useless as they either fell on top of each other suffocating themselves or being prone to an easy attack by the lightly armoured archers. The English knew if they didn’t initiate the fight early the French would have waited until the battlefield was in a better condition giving them a greater advantage of winning knowing the English were low on men including supplies.
2. The English formation was perfectly set up. This made the French attack a narrow area where they became wedged between the English frontline including 6-foot spikes and their own advancement which caused havoc. When the French knights fell off their horses, they were made to fight in hand-to-hand combat which in heavy armour in slippy mud did not work in their favour. Once on the ground they were easily attacked and killed by the English Longbow men hiding in the flanks. 
3. The French horses weren’t fully protected in armour with mainly their heads and neck covered in armour. Once they were hit with a volley of arrows, they quickly became spooked and ran off in many directions crashing into the advancing French army injuring or killing them.
4. The French suffered badly with leadership as many of the fighters did not listen to Charles d’Albret due to his lower rank therefore not complying with his orders leading to confusion and overall non-compliance.
5. King Henry V was not the most admired although his hard and domineering demeanour made him a ruthless leader however, he was a brave, loyal, and honourable fighter. This ensured his army fully obeyed his orders and fought bravely alongside him at the battle. 
Based on the above points it can be clearly seen that there were many factors that also contributed massively to win of the battle of Agincourt. The English effectively had to win this battle to get home therefore there is one major factor that has not been mentioned that can be seen as a major factor which was luck. It can be assumed that to win a battle under the conditions the English faced they needed all the luck they could get and on October 25th, 1415, it can be assumed luck was on their side that day.
Now the main question was does the Longbow deserve such accolade? Based on the information presented within this report it is clear that yes it does deserve such accolade, however, so do the many other factors as they all contributed to the victory for King Henry V on 25th October 1415 during the Battle of Agincourt. 
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Type of Ordnance

Bodkin Arrow

Delivery System Longbow
Length of ordnance (/o 583.5mm
bodkin)

Length of Bodkin 115mm

Diameter of arrow shaft

11.11mm (assume same diameter for bodkin)

Mass of Arrow

Arrow 0.116kg (1800 grains)

Density of Penetrator

Bodkin 6.250cm®

Yew Wood 0.67 gem®

Density of Plate Armour

2.85gcm (rank and file) - 5.75gcm™ (knight)

Thickness of Plate Armour

2.5mm — 4mm

Angle of obliquity of impact

30° to the normal and greater

Yield Stress of Armour

350-600 MPa (variation between foot soldier
armour and that of a king)'

Velocity of system at impact
(100m)

Arrow 53.34ms"T
Knight on horseback (8.95ms")
Foot soldier (0.9ms)
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Kinetic Energy Formula

KE =0.5xm x v*
KE =0.5x0.116 x 53.34*
KE =165
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Kinetic Energy Formula
KE=05xMxV2
KE = 0.5 x 800 x 13.4(mis)?
30MPH = 13.4(m/s)
KE = 71824J.
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