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Principe d’Huygens

Sources 
ponctuelles 

Front 
d’onde, t1

Front d’onde, 
t2 > t1

Tout point atteint par une onde devient 
le centre d’émission d’une onde 
secondaire qui, dans un milieu 
localement homogène et isotrope est 
sphérique…     

Tout point atteint par une onde devient 
le centre d’émission d’une onde 
secondaire qui, dans un milieu 
localement homogène et isotrope est 
sphérique et se propage uniquement 
dans la direction ‘vers l’avant’…     



1.3.2.1 Battements

A sin(!1t) +A sin(!2t) = 2A sin
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<latexit sha1_base64="Yju5aDBuryEt/UjALn4Sl6lVzgM="></latexit>



1.3.2.2 Interférences de deux sources cohérentes

Intensité / ⇠20 cos
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<latexit sha1_base64="dLWjgSUoZxcOC0BD7WgE+uShzN8="></latexit>

R
<latexit sha1_base64="7QiGm4zGoRu9+zUz1u19h9ni9zg=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxutyhidoRbSzBiJDAhewtc7Cy95HdPRNy4RfYWGhhbP1Fdv4bF7hCwZdM8vLeTGbm+YngSjvOt1VYWV1b3yhulra2d3b3yvsHDypOJcMmi0Us2z5VKHiETc21wHYikYa+wJY/upn6rSeUisfRvR4n6IV0EPGAM6qN1LjrlSuO7cxAlombkwrkqPfKX91+zNIQI80EVarjOon2Mio1ZwInpW6qMKFsRAfYMTSiISovmx06ISdG6ZMglqYiTWbq74mMhkqNQ990hlQP1aI3Ff/zOqkOLr2MR0mqMWLzRUEqiI7J9GvS5xKZFmNDKJPc3ErYkErKtMmmZEJwF19eJu2q7Z7ZVfuqcV6pXeeBFOEIjuEUXLiAGtxCHZrAAOEZXuHNerRerHfrY95asPKZQ/gD6/MH2P6NSQ==</latexit>



Laser Interferometer Gravitational-Wave Observatory (LIGO)



Série de Fourier



Série de Fourier



Série de Fourier

x(t) = a0 +
1X

n=1

[an cos (n!0t) + bn sin (n!0t)]
<latexit sha1_base64="f/lh7/thr3C+x9qSY4nNRoiu5UI="></latexit>

a0 =
1

T

Z T/2

�T/2
x(t)dt

<latexit sha1_base64="vkBMvBL1tVcYHJeztHIfNYHLvLQ=">AAACFHicbVA9T8MwEHX4pnwFGFksKiQYKElBAgYkBAtjkVqo1JbIcR1q1XEi+4KoovwGFv4KCwMMiJWBjX+D02YAypPu9PTenex7fiy4Bsf5siYmp6ZnZufmSwuLS8sr9uralY4SRVmDRiJSTZ9oJrhkDeAgWDNWjIS+YNd+/zz3r++Y0jySdRjErBOSW8kDTgkYybN3iOec4HagCE3dLK1nuM0leOlufa+a3aR5v9+GHdwFzy47FWcIPE7cgpRRgZpnf7a7EU1CJoEKonXLdWLopEQBp4JlpXaiWUxon9yylqGShEx30uFJGd4yShcHkTIlAQ/VnxspCbUehL6ZDAn09F8vF//zWgkER52UyzgBJunooSARGCKc54O7XDEKYmAIoYqbv2LaIyYeMCmWTAju35PHSbNacfcr1crx5UH59KwIZA5toE20jVx0iE7RBaqhBqLoAT2hF/RqPVrP1pv1PhqdsIqddfQL1sc3CGScsg==</latexit>

an =
2

T

Z T/2

�T/2
x(t) cos(n!0t)dt

<latexit sha1_base64="x4PiEbovveTQMYP7+GzX23RWlD8="></latexit>

bn =
2

T

Z T/2

�T/2
x(t) sin(n!0t)dt

<latexit sha1_base64="8PQiP9lCaYGunnr0T+UWCqe89jE="></latexit>



Transformée de Fourier

x(t) =
1

2⇡

Z 1

�1
X(!)ei!td!

<latexit sha1_base64="3sgCR63Cxp1BNAlGCN0luTt9MEA="></latexit>

X(!) =

Z 1

�1
x(t)e�i!tdt

<latexit sha1_base64="ibVICELULs0+GmJibyfnyj7KPGU=">AAACJXicbVDLSgMxFM34tr6qLt0Ei9AuWmZU8AGC6MalgtVCX2TSO20wkxmSO2IZ+i9u/BU3LhQRwZW/YtrOwteBkMM555Lc48dSGHTdD2dicmp6ZnZuPrewuLS8kl9duzJRojlUeSQjXfOZASkUVFGghFqsgYW+hGv/5nToX9+CNiJSl9iPoRmyrhKB4Ayt1M4f1oqNKIQuKx3RhlDYTsv2CrA/aKUZoXdFLFFopWVBx1mKA9rBdr7gVtwR6F/iZaRAMpy386+NTsSTEBRyyYype26MzZRpFFzCINdIDMSM37Au1C1VLATTTEc7DuiWVTo0iLQ9CulI/T6RstCYfujbZMiwZ357Q/E/r55gsN9MhYoTBMXHDwWJpBjRYWG0IzRwlH1LGNfC/pXyHtOMo601Z0vwfq/8l9S2K95OZbtycLFbOD7JCpkjG2STFIlH9sgxOSPnpEo4uSeP5Jm8OA/Ok/PmvI+jE042s05+wPn8AjIFpDk=</latexit>



1.3.3.2 Solution générale

⇠(x, t) =
1

2⇡

Z
C(k) exp[i(kx� !t)]dk

<latexit sha1_base64="GTaN4CNUpfiB5OUp0TCdNfoZ3E0=">AAACLnicbVDLSgNBEJz1GeMr6tFLYxAiaNiNgnoQxFw8KhgTyC5hdtIbh519MDMrCUs+yIu/IogHPYhXP8NJzEGjBQNFVTX TXX4quNK2/WbNzM7NLywWlorLK6tr66WNzVuVZJJhgyUikS2fKhQ8xobmWmArlUgjX2DTD+sjv3mPUvEkvtGDFL2I9mIecEa1kTqlutvnUOnvg947AzeQlOXOMK+Bm/IhuDzWUK+Ee+BiP22bYAh9OABwkwh71MyAB92wUyrbVXsM+EucCSmTCa46pWe3m7AswlgzQZVqO3aqvZxKzZnAYdHNFKaUhbSHbUNjGqHy8vGxQ9g1SheCRJpn1hurPydyGik1iHyTjKi+U9PeSPzPa2c6OPFyHqeZxph9fxRkAnQCo+agyyUyLQaGUCa52RXYHTWNadNv0ZTgTJ/8l7RqVeewWqueXh+Vzy8mhRTINtkhFeKQY3JOLskVaRBGHsgTeSVv1qP1Yr1bH9/RGWsys0V+wfr8Ar+DpHg=</latexit>

@2⇠

@t2
= u2 @

2⇠

@x2
<latexit sha1_base64="BMIJmpYuLbElqzNmWE0Y/zO+yko=">AAACN3icfVC7TsMwFHV4lvIKMLJYVEhMURKQgAGpgoWBoUiUVmrSynGd1qrzkO2gVlF+ioX/YIKBAQbEyh/gtBGCFnEkS8fnnnvte7yYUSFN81mbm19YXFourZRX19Y3NvWt7VsRJRyTOo5YxJseEoTRkNQllYw0Y05Q4DHS8AYXeb1xR7igUXgjRzFxA9QLqU8xkkrq6 FeOzxFOnRhxSRFr29AZ0uz7DmXbzs5gkuv/G4fK2NErpmGOAWeJVZAKKFDr6I9ON8JJQEKJGRKiZZmxdNN8JGYkKzuJIDHCA9QjLUVDFBDhpuOtM7ivlC70I65OKOFY/dmRokCIUeApZ4BkX0zXcvGvWiuR/omb0jBOJAnx5CE/UVlEMI8QdiknWLKRIghzqv4KcR+pdKQKuqxCsKZXniVN27AODds4vT6qVM+LQEpgF+yBA2CBY1AFl6AG6gCDe/AEXsGb9qC9aO/ax8Q6pxU9O+AXtM8vkaissg==</latexit>

avec ⇠(x, 0) = a(x)
<latexit sha1_base64="foEig1dAx8EP71w8NKq1LJDXmx4=">AAAB/HicbVBNS8NAEJ34WetXqkcvi0VoQUJSBfUgFL14rGBtoQ1ls920Szcf7G60JfanePGgB/HqD/Hmv3Hb5qCtDwYe780wM8+LOZPKtr+NpeWV1bX13EZ+c2t7Z9cs7N3LKBGE1knEI9H0sKSchbSumOK0GQuKA4/Thje4nviNByoki8I7NYqpG+BeyHxGsNJSxyy0hwyVhsfILl8iXBqWUccs2pY9BVokTkaKkKHWMb/a3YgkAQ0V4VjKlmPHyk2xUIxwOs63E0ljTAa4R1uahjig0k2np4/RkVa6yI+ErlChqfp7IsWBlKPA050BVn05703E/7xWovxzN2VhnCgaktkiP+FIRWiSA+oyQYniI00wEUzfikgfC0yUTiuvQ3DmX14kzYrlnFgV6+L2tFi9ygLJwQEcQgkcOIMq3EAN6kDgEZ7hFd6MJ+PFeDc+Zq1LRjazD39gfP4A0RiSEQ==</latexit>

@⇠

@t

����
t=0

= b(x)
<latexit sha1_base64="578UXncK6j2lC7/oktUzKd5ee30="></latexit>

,

Solution générale:
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<latexit sha1_base64="bjEHVbvk/p+yeiBWcWeNlkv2F3o=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU8hW0za3ohePLVhbaEPZbDft6mYTdjdCCf0FXjzoQbz6i7z5b9y0FVT0wcDjvRlm5gUJZ0o7zodVWFldW98obpa2tnd298r7BzcqTiWhHRLzWPYCrChngnY005z2EklxFHDaDe4uc797T6VisbjW04T6ER4LFjKCtZHavWG54tiug7xaHTq24yDXrRnieQ0XIYiMkqMClmgNy++DUUzSiApNOFaqj5xE+xmWmhFOZ6VBqmiCyR0e076hAkdU+dn80Bk8McoIhrE0JTScq98nMhwpNY0C0xlhPVG/vVz8y+unOmz4GRNJqqkgi0VhyqGOYf41HDFJieZTQzCRzNwKyQRLTLTJpmRC+PoU/k96VRud2VXba59XmhfLQIrgCByDU4BAHTTBFWiBDiCAggfwBJ6tW+vRerFeF60FazlzCH7AevsEU3qNnQ==</latexit>

Y
<latexit sha1_base64="+ercRt6nySOjHuTiwZpA9k3mdZs=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpLq9LErunHZgrWVdiiZNNPGZh4kGaEM/QI3LnQhbv0id/6NmbaCih64cDjnXu69x4sFVxqhDyu3srq2vpHfLGxt7+zuFfcPblSUSMraNBKR7HpEMcFD1tZcC9aNJSOBJ1jHm1xmfueeScWj8FpPY+YGZBRyn1OijdS6HRRLyHYQrleqENkIYcepGFKv1xyMITZKhhJYojkovveHEU0CFmoqiFI9jGLtpkRqTgWbFfqJYjGhEzJiPUNDEjDlpvNDZ/DEKEPoR9JUqOFc/T6RkkCpaeCZzoDosfrtZeJfXi/Rfs1NeRgnmoV0schPBNQRzL6GQy4Z1WJqCKGSm1shHRNJqDbZFEwIX5/C/0m3bOMzu2zXW+elxsUykDw4AsfgFGBQBQ1wBZqgDShg4AE8gWfrznq0XqzXRWvOWs4cgh+w3j4BVQCNng==</latexit>

Z
<latexit sha1_base64="+UDtREMedjbogRqEqk8ahYsU9lI=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpLq9LErunHZgrXFdiiZNNPGZh4kGaEM/QI3LnQhbv0id/6NmbaCih64cDjnXu69x4sFVxqhDyu3srq2vpHfLGxt7+zuFfcPblSUSMraNBKR7HpEMcFD1tZcC9aNJSOBJ1jHm1xmfueeScWj8FpPY+YGZBRyn1OijdS6HRRLyHYQrleqENkIYcepGFKv1xyMITZKhhJYojkovveHEU0CFmoqiFI9jGLtpkRqTgWbFfqJYjGhEzJiPUNDEjDlpvNDZ/DEKEPoR9JUqOFc/T6RkkCpaeCZzoDosfrtZeJfXi/Rfs1NeRgnmoV0schPBNQRzL6GQy4Z1WJqCKGSm1shHRNJqDbZFEwIX5/C/0m3bOMzu2zXW+elxsUykDw4AsfgFGBQBQ1wBZqgDShg4AE8gWfrznq0XqzXRWvOWs4cgh+w3j4BVoaNnw==</latexit>

h
<latexit sha1_base64="WX2A+yZtugxftnKT8gUS3XC4WvE=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadndxDxuQS8eEzAmkCxhdjKbjJl9MDMrhCVf4MWDHsSrX+TNv3E2iaCiBQ1FVTfdXV7MmVSW9WHk1tY3Nrfy24Wd3b39g+Lh0a2MEkFoh0Q8Ej0PS8pZSDuKKU57saA48DjtetOrzO/eUyFZFN6oWUzdAI9D5jOClZbak2GxZJmNetW5cJBlWlbNKVcz4tQqThnZWslQghVaw+L7YBSRJKChIhxL2betWLkpFooRTueFQSJpjMkUj2lf0xAHVLrp4tA5OtPKCPmR0BUqtFC/T6Q4kHIWeLozwGoif3uZ+JfXT5Rfd1MWxomiIVku8hOOVISyr9GICUoUn2mCiWD6VkQmWGCidDYFHcLXp+h/0nNMu2w6ZqNdKTUvV4Hk4QRO4RxsqEETrqEFHSBA4QGe4Nm4Mx6NF+N12ZozVjPH8APG2ydeAo2j</latexit>

L
<latexit sha1_base64="N6nQatRhE9S+sXWyBubbwpcvsSg=">AAAB6nicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMct6MWDhwSMCSRLmJ30JmNmH8zMCmHJF3jxoAfx6hd582+cTSKoaEFDUdVNd5cXcyaVZX0YK6tr6xubua389s7u3n7h4PBWRomg0KYRj0TXIxI4C6GtmOLQjQWQwOPQ8SaXmd+5ByFZFN6oaQxuQEYh8xklSkut60GhaJn1WsU5d7BlWlbVKVUy4lTLTgnbWslQREs0B4X3/jCiSQChopxI2bOtWLkpEYpRDrN8P5EQEzohI+hpGpIApJvOD53hU60MsR8JXaHCc/X7REoCKaeBpzsDosbyt5eJf3m9RPk1N2VhnCgI6WKRn3CsIpx9jYdMAFV8qgmhgulbMR0TQajS2eR1CF+f4v9J1zHtkumY9Va52LhYBpJDx+gEnSEbVVEDXaEmaiOKAD2gJ/Rs3BmPxovxumhdMZYzR+gHjLdPM1qNhw==</latexit>dx

<latexit sha1_base64="Fk4UFAcMVKrgTncdksMQ6uxJJlk=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBbBU9ikRttb0YvHKtYW2lA22027dLMJuxuxhP4DLx70IF79Q978N27aCir6YODx3gwz84KEM6UR+rAKS8srq2vF9dLG5tb2Tnl371bFqSS0RWIey06AFeVM0JZmmtNOIimOAk7bwfgi99t3VCoWixs9Sagf4aFgISNYG+l6cN8vV5CNTr1q3YPI9pBTc3Pieg5CVejYaIYKWKDZL7/3BjFJIyo04ViproMS7WdYakY4nZZ6qaIJJmM8pF1DBY6o8rPZpVN4ZJQBDGNpSmg4U79PZDhSahIFpjPCeqR+e7n4l9dNdVjzMyaSVFNB5ovClEMdw/xtOGCSEs0nhmAimbkVkhGWmGgTTsmE8PUp/J90XNup2q5dvzqpNM4XgRTBATgEx8ABZ6ABLkETtAABIXgAT+DZGluP1ov1Om8tWIuZffAD1tsnKHiOGQ==</latexit>

Surface non 
perturbée

Surface 
perturbée

patm
<latexit sha1_base64="O+77az04RYMqveR12EvsE7ZLdTY=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0iqoN6KXjxWsLbQhLLZbtqlu8myOxFL6N/w4kEP4tX/4s1/47bNQVsfDDzem2FmXqQEN+B5305pZXVtfaO8Wdna3tndq+4fPJg005S1aCpS3YmIYYInrAUcBOsozYiMBGtHo5up335k2vA0uYexYqEkg4THnBKwUqB6AbAnyAnISa9a81xvBrxM/ILUUIFmr/oV9FOaSZYAFcSYru8pCHOigVPBJpUgM0wROiID1rU0IZKZMJ/dPMEnVunjONW2EsAz9fdETqQxYxnZTklgaBa9qfif180gvgxznqgMWELni+JMYEjxNADc55pREGNLCNXc3orpkGhCwcZUsSH4iy8vk07d9c/cunt1d15rXBeBlNEROkanyEcXqIFuURO1EEUKPaNX9OZkzovz7nzMW0tOMXOI/sD5/AHsgpKP</latexit>
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Série 4

� S1

S2 L S S1

S2 d S1

d ⌧ L

P S1 S2

S1 S2 I0
3I0

d

S1 S2

R � d

dR/(2L)

n = 2
S

� �0 = �/n

S1 S2 S3

d R � d �

Itot

d
N

S0/N

✓
N �! 1

a/� a/� = 2

NX

n=0

�
eia

�n
=

ei(N+1)a � 1

eia � 1

sinc(x)

sinc(x) =
sin(x)

x

n(x) = n0+↵x
y

R(x) = n(x)/↵

Indication
n = c/u


