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Vectors

θ

ry

x

x = r cos(✓)

<latexit sha1_base64="oWe36FeKwZupgn0HjZ90jK2Idec=">AAAB+3icdVBNS0JBFJ1nX2ZfL1u2GZLANvJGJHURSG1aGmQKvofMG0cdnPfBzH2hiH+lTYsi2vZH2vVvmqcGFXXgwuGce7n3Hj+WQoPjfFiZtfWNza3sdm5nd2//wD7M3+koUYy3WCQj1fGp5lKEvAUCJO/EitPAl7ztj69Sv33PlRZReAvTmHsBHYZiIBgFI/Xs/ARfYIVdFumiCyMO9KxnF5yS4ziEEJwSUj13DKnXa2VSwyS1DApohWbPfnf7EUsCHgKTVOsucWLwZlSBYJLPc26ieUzZmA5519CQBlx7s8Xtc3xqlD4eRMpUCHihfp+Y0UDraeCbzoDCSP/2UvEvr5vAoObNRBgnwEO2XDRIJIYIp0HgvlCcgZwaQpkS5lbMRlRRBiaunAnh61P8P7krl0ilVL+pFBqXqziy6BidoCIiqIoa6Bo1UQsxNEEP6Ak9W3Pr0XqxXpetGWs1c4R+wHr7BJXXk4w=</latexit>

y = r sin(✓)

<latexit sha1_base64="QANJFuvYHukRt3UrYDN4S0v7nGA=">AAAB+3icdVBNS0JBFJ1nX2ZfL1u2GZLANvJGJHURSG1aGuQHqMi8cdTBefMeM/dFIv6VNi2KaNsfade/aZ4aVNSBC4dz7uXee/xICgOe9+Gk1tY3NrfS25md3b39A/cw2zRhrBlvsFCGuu1Tw6VQvAECJG9HmtPAl7zlT64Sv3XHtRGhuoVpxHsBHSkxFIyClfpudoovsMZdI1S+C2MO9Kzv5ryC53mEEJwQUj73LKlWK0VSwSSxLHJohXrffe8OQhYHXAGT1JgO8SLozagGwSSfZ7qx4RFlEzriHUsVDbjpzRa3z/GpVQZ4GGpbCvBC/T4xo4Ex08C3nQGFsfntJeJfXieGYaU3EyqKgSu2XDSMJYYQJ0HggdCcgZxaQpkW9lbMxlRTBjaujA3h61P8P2kWC6RUqN6UcrXLVRxpdIxOUB4RVEY1dI3qqIEYukcP6Ak9O3Pn0XlxXpetKWc1c4R+wHn7BJ9Ck5I=</latexit>

r =
p

x2 + y2

<latexit sha1_base64="UhAgixsuGo/YsYv2SANI+YthmDQ=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCIJTJUGy7EIpuXFawD2inJZOmbWjmYZIRx6H4K25cKOLW/3Dn35hpK6jogQuHc+7l3nvckDOpLOvDyCwsLi2vZFdza+sbm1vm9k5DBpEgtE4CHoiWiyXlzKd1xRSnrVBQ7LmcNt3xeeo3b6iQLPCvVBxSx8NDnw0YwUpLPXNPwFPYkddCJbddGx7DuGtPembeKliWhRCCKUGlE0uTSqVsozJEqaWRB3PUeuZ7px+QyKO+IhxL2UZWqJwEC8UIp5NcJ5I0xGSMh7StqY89Kp1kev0EHmqlDweB0OUrOFW/TyTYkzL2XN3pYTWSv71U/MtrR2pQdhLmh5GiPpktGkQcqgCmUcA+E5QoHmuCiWD6VkhGWGCidGA5HcLXp/B/0rALqFioXBbz1bN5HFmwDw7AEUCgBKrgAtRAHRBwBx7AE3g27o1H48V4nbVmjPnMLvgB4+0T3m6UPg==</latexit>

✓ = arctan
y

x

<latexit sha1_base64="A5TcL20nKEUgHB1zTVwzQtsgjsg=">AAACA3icdVDLSgMxFM34tr6q7nQTLIKrMhHRdiGIblwq2Ad0SrmTpjaYyQzJHbEMBTf+ihsXirj1J9z5N2ZsBRU9EDiccw8394SJkhZ9/92bmJyanpmdmy8sLC4trxRX1+o2Tg0XNR6r2DRDsEJJLWooUYlmYgREoRKN8Ook9xvXwlgZ6wscJKIdwaWWPckBndQpbgTYFwj0kAZgOILOBkHsAvRm2CmW/LLv+4wxmhN2sO87Uq1WdlmFstxyKJExzjrFt6Ab8zQSGrkCa1vMT7CdgUHJlRgWgtSKBPgVXIqWoxoiYdvZ5w1Duu2ULu3Fxj2N9FP9nsggsnYQhW4yAuzb314u/uW1UuxV2pnUSYpC89GiXqooxjQvhHalERzVwBHgRrq/Ut4HAxxdbQVXwtel9H9S3y2zvXL1fK90dDyuY45ski2yQxg5IEfklJyRGuHkltyTR/Lk3XkP3rP3Mhqd8MaZdfID3usHDpuX1g==</latexit>

components are independent 
and can be treated like scalars



Kinematics

~v =
d~r

dt

<latexit sha1_base64="hXNbiMkG0u/D2Yhsa+y3vtomdeQ=">AAACCHicdVBLSwMxGMzWV62vVY8eDBbBU9mUYtuDUPTisYJ9QHcp2Wy2Dc0+SLKFsuzRi3/FiwdFvPoTvPlvzLYVVHQgMJn5huQbN+ZMKsv6MAorq2vrG8XN0tb2zu6euX/QlVEiCO2QiEei72JJOQtpRzHFaT8WFAcupz13cpX7vSkVkkXhrZrF1AnwKGQ+I1hpaWge21NK0mkGL2DqwflFZNCOdCb1VJYNzbJVsSwLIQRzgurnlibNZqOKGhDllkYZLNEemu+2F5EkoKEiHEs5QFasnBQLxQinWclOJI0xmeARHWga4oBKJ50vksFTrXjQj4Q+oYJz9XsixYGUs8DVkwFWY/nby8W/vEGi/IaTsjBOFA3J4iE/4VBFMG8FekxQovhME0wE03+FZIwFJkp3V9IlfG0K/yfdagXVKs2bWrl1uayjCI7ACTgDCNRBC1yDNugAAu7AA3gCz8a98Wi8GK+L0YKxzByCHzDePgFDfZow</latexit>

~a =
d~v

dt

<latexit sha1_base64="Z80LjRe10Cq2P7a5B6/i4k8X/9Y=">AAACCHicdVBLSwMxGMzWV62vVY8eDBbBU9mUYtuDUPTisYJ9QHcp2Wy2Dc0+SLKFsuzRi3/FiwdFvPoTvPlvzLYVVHQgMJn5huQbN+ZMKsv6MAorq2vrG8XN0tb2zu6euX/QlVEiCO2QiEei72JJOQtpRzHFaT8WFAcupz13cpX7vSkVkkXhrZrF1AnwKGQ+I1hpaWge21NKUpzBC5h6cH6ZZtCOdCb1VJYNzbJVsSwLIQRzgurnlibNZqOKGhDllkYZLNEemu+2F5EkoKEiHEs5QFasnBQLxQinWclOJI0xmeARHWga4oBKJ50vksFTrXjQj4Q+oYJz9XsixYGUs8DVkwFWY/nby8W/vEGi/IaTsjBOFA3J4iE/4VBFMG8FekxQovhME0wE03+FZIwFJkp3V9IlfG0K/yfdagXVKs2bWrl1uayjCI7ACTgDCNRBC1yDNugAAu7AA3gCz8a98Wi8GK+L0YKxzByCHzDePgEn3Jof</latexit>

if a is constant:
x = x0 + vx0t+

1

2
axt

2

<latexit sha1_base64="yIIy/gnz2Q/v1GrbA3HmI0eluNY="></latexit>

vx = vx0 + axt

<latexit sha1_base64="2+xZsiNNlxcMfPxBOmZWzLcKjXs=">AAAB/XicdVDLSgMxFM34rPU1PnZugkUQhJKUYtuFUHTjsoJ9QDsMmTRtQzMPkkxpHYq/4saFIm79D3f+jZm2gooeuHByzr3k3uNFgiuN0Ie1tLyyurae2chubm3v7Np7+w0VxpKyOg1FKFseUUzwgNU114K1IsmI7wnW9IZXqd8cMal4GNzqScQcn/QD3uOUaCO59uHIHcMLOHKTMZrCM0jMU7t2DuURQhhjmBJcOkeGVCrlAi5DnFoGObBAzbXfO92Qxj4LNBVEqTZGkXYSIjWngk2znVixiNAh6bO2oQHxmXKS2fZTeGKULuyF0lSg4Uz9PpEQX6mJ75lOn+iB+u2l4l9eO9a9spPwIIo1C+j8o14soA5hGgXscsmoFhNDCJXc7ArpgEhCtQksa0L4uhT+TxqFPC7mKzfFXPVyEUcGHIFjcAowKIEquAY1UAcU3IEH8ASerXvr0XqxXuetS9Zi5gD8gPX2CcJNlCs=</latexit>

v2x = v2x0 + 2ax(x� x0)

<latexit sha1_base64="kBNZZ3FZHsyBQIBxhfP/SZHq7OA="></latexit>



Angular Kinematics

if α is constant:

! =
d✓

dt

<latexit sha1_base64="YbVQtCCxRVsc5D5v+puPlvdIJpI=">AAACBXicdVBNSwMxFMz6bf2qetRDsAieykZE24MgevFYwarQLSWbfW2D2c2SvBXK0osX/4oXD4p49T9489+YrRVUdCAwzLzh5U2YKmnR99+9icmp6ZnZufnSwuLS8kp5de3C6swIaAqttLkKuQUlE2iiRAVXqQEehwouw+uTwr+8AWOlTs5xkEI75r1EdqXg6KROeTPQMfQ4PaR5FGAfkNNAu0Ae4XDYKVf8qu/7jDFaEHaw7ztSr9d2WY2ywnKokDEanfJbEGmRxZCgUNzaFvNTbOfcoBQKhqUgs5Bycc170HI04THYdj66Yki3nRLRrjbuJUhH6vdEzmNrB3HoJmOOffvbK8S/vFaG3Vo7l0maISTic1E3UxQ1LSqhkTQgUA0c4cJI91cq+txwga64kivh61L6P7nYrbK9av1sr3J0PK5jjmyQLbJDGDkgR+SUNEiTCHJL7skjefLuvAfv2Xv5HJ3wxpl18gPe6weqU5i9</latexit>

↵ =
d!

dt

<latexit sha1_base64="FZb2i7AwIZ6j94U4aYe3J+x+a7Y=">AAACBXicdVDLSgMxFM34rPVVdamLYBFclYkU2y6EohuXFewDOqXcyaRtMDMZkoxQhm7c+CtuXCji1n9w59+YaSuo6IHA4Zx7uLnHjwXXxnU/nIXFpeWV1dxafn1jc2u7sLPb0jJRlDWpFFJ1fNBM8Ig1DTeCdWLFIPQFa/s3F5nfvmVKcxldm3HMeiEMIz7gFIyV+oUDD0Q8AnyG08CTIRsC9qQNpIGZTPqFoltyXZcQgjNCKqeuJbVa9YRUMcksiyKao9EvvHuBpEnIIkMFaN0lbmx6KSjDqWCTvJdoFgO9gSHrWhpByHQvnV4xwUdWCfBAKvsig6fq90QKodbj0LeTIZiR/u1l4l9eNzGDai/lUZwYFtHZokEisJE4qwQHXDFqxNgSoIrbv2I6AgXU2OLytoSvS/H/pHVSIuVS7apcrJ/P68ihfXSIjhFBFVRHl6iBmoiiO/SAntCzc+88Oi/O62x0wZln9tAPOG+fkQyYrQ==</latexit>

✓ = ✓0 + !0t+
1

2
↵t2

<latexit sha1_base64="A+gFQ8fef3PHuARekU3N3U0oBHc="></latexit>

! = !0 + ↵t

<latexit sha1_base64="KybtBXhTXk2KE3UIj7HIpScfg9s=">AAACBXicdZBNS0JBFIbn2pfZ162WtRiSIAhkRiR1EUhtWhrkB6jIueOog3M/mJkbiLhp019p06KItv2Hdv2b5qpBRR0YeHjfczhzXi+SQhtCPpzU0vLK6lp6PbOxubW94+7u1XUYK8ZrLJShanqguRQBrxlhJG9GioPvSd7wRpeJ37jlSoswuDHjiHd8GASiLxgYK3Xdw3bo8wHgczyHLsGnbZDRELDBXTdLcoQQSilOgBbPiIVyuZSnJUwTy1YWLaradd/bvZDFPg8Mk6B1i5LIdCagjGCSTzPtWPMI2AgGvGUxAJ/rzmR2xRQfW6WH+6GyLzB4pn6fmICv9dj3bKcPZqh/e4n4l9eKTb/UmYggig0P2HxRP5bYhDiJBPeE4szIsQVgSti/YjYEBczY4DI2hK9L8f9Qz+doIVe+LmQrF4s40ugAHaETRFERVdAVqqIaYugOPaAn9OzcO4/Oi/M6b005i5l99KOct09aSpc8</latexit>

!2 = !2
0 + ↵(✓ � ✓0)

<latexit sha1_base64="Q0kC1YtPVnqni6hjcS2JBzfJDW4="></latexit>

L = R✓

v = R!

atan = R↵

<latexit sha1_base64="BkmC6vYeJG/G1j0sVaAIoVoYSMk="></latexit>

aR = �v2

R

<latexit sha1_base64="iptnlZlAQDv3zG7Zcsyg6bUOSVg=">AAACAnicdVDLSgMxFM34rPU16krcBIvgxjIpxbYLoejGZRX7gHYcMmmmDc08SDKFMgxu/BU3LhRx61e482/MtBVU9EDgcM653NzjRpxJZVkfxsLi0vLKam4tv76xubVt7uy2ZBgLQpsk5KHouFhSzgLaVExx2okExb7LadsdXWR+e0yFZGFwoyYRtX08CJjHCFZacsx97CTXKTyDJzBJxreltBfquJZSxyxYRcuyEEIwI6hyamlSq1VLqApRZmkUwBwNx3zv9UMS+zRQhGMpu8iKlJ1goRjhNM33YkkjTEZ4QLuaBtin0k6mJ6TwSCt96IVCv0DBqfp9IsG+lBPf1Ukfq6H87WXiX143Vl7VTlgQxYoGZLbIizlUIcz6gH0mKFF8ogkmgum/QjLEAhOlW8vrEr4uhf+TVqmIysXaVblQP5/XkQMH4BAcAwQqoA4uQQM0AQF34AE8gWfj3ng0XozXWXTBmM/sgR8w3j4Bv2+XEw==</latexit>



Forces and Torques
~F = m~a

<latexit sha1_base64="/oLQcHCSvPT4xQrc2EHtDzb/TLA=">AAAB+3icdZDLSgMxFIYz9VbrbaxLN8EiuCpJKbZdCEVBXFawF2iHkkkzbWjmQpIplmFexY0LRdz6Iu58GzNtBRU9EPj4/3M4J78bCa40Qh9Wbm19Y3Mrv13Y2d3bP7APix0VxpKyNg1FKHsuUUzwgLU114L1IsmI7wrWdadXmd+dMal4GNzpecQcn4wD7nFKtJGGdnEwYzS5TuEF9BdI0qFdQmWEEMYYZoBr58hAo1Gv4DrEmWWqBFbVGtrvg1FIY58FmgqiVB+jSDsJkZpTwdLCIFYsInRKxqxvMCA+U06yuD2Fp0YZQS+U5gUaLtTvEwnxlZr7run0iZ6o314m/uX1Y+3VnYQHUaxZQJeLvFhAHcIsCDjiklEt5gYIldzcCumESEK1iatgQvj6KfwfOpUyrpYbt9VS83IVRx4cgxNwBjCogSa4AS3QBhTcgwfwBJ6t1Hq0XqzXZWvOWs0cgR9lvX0C0C2UVg==</latexit>

~Fab = �~Fba

<latexit sha1_base64="1NIIJI2wPh1DjC+ig/SJLcpSwOM=">AAACBnicdVDLSgMxFM3UV62vUZciBEvBjWVSim0XQlEQlxXsA9phyKRpG5p5kGQKZZiVG3/FjQtF3PoN7vwbM20VFT1w4XDOvdx7jxtyJpVlvRuZpeWV1bXsem5jc2t7x9zda8kgEoQ2ScAD0XGxpJz5tKmY4rQTCoo9l9O2O75I/faECskC/0ZNQ2p7eOizASNYackxD3sTSuLLxImxm8AzeAK/BBcnjpm3ipZlIYRgSlDl1NKkVquWUBWi1NLIgwUajvnW6wck8qivCMdSdpEVKjvGQjHCaZLrRZKGmIzxkHY19bFHpR3P3khgQSt9OAiELl/Bmfp9IsaelFNP31nwsBrJ314q/uV1IzWo2jHzw0hRn8wXDSIOVQDTTGCfCUoUn2qCiWD6VkhGWGCidHI5HcLnp/B/0ioVUblYuy7n6+eLOLLgAByBY4BABdTBFWiAJiDgFtyDR/Bk3BkPxrPxMm/NGIuZffADxusHzAyYvQ==</latexit>

~Fg = mg

<latexit sha1_base64="dhZOc9XxsXUKMn7u/dP7Gsv+2tc=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwVTKl2HYhFAVxWcE+oA1hMp20Q2eSMDMplJA/ceNCEbf+iTv/xklbQUUPXDiccy/33uPHnCntOB9WYW19Y3OruF3a2d3bP7APj7oqSiShHRLxSPZ9rChnIe1opjntx5Ji4XPa86fXud+bUalYFN7reUxdgcchCxjB2kiebQ9nlKQ3mZeOM3gJxdizy07FcRyEEMwJql84hjSbjSpqQJRbBmWwQtuz34ejiCSChppwrNQAObF2Uyw1I5xmpWGiaIzJFI/pwNAQC6rcdHF5Bs+MMoJBJE2FGi7U7xMpFkrNhW86BdYT9dvLxb+8QaKDhpuyME40DclyUZBwqCOYxwBHTFKi+dwQTCQzt0IywRITbcIqmRC+PoX/k261gmqV5l2t3LpaxVEEJ+AUnAME6qAFbkEbdAABM/AAnsCzlVqP1ov1umwtWKuZY/AD1tsnRRyTdA==</latexit>

~FN =

<latexit sha1_base64="/4qLEvN/oclkOIXqvRXRw45UPOM=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgqSSl2PYgFAXxJBVsK7RryabZNjSbXZJspSz9H148KOLV/+LNf2O2raCiDwYe780wM8+LBNcGoQ8ns7S8srqWXc9tbG5t7+R391o6jBVlTRqKUN16RDPBJWsabgS7jRQjgSdY2xudp357zJTmobwxk4i5ARlI7nNKjJXuumNGk4tpL7mawlPYyxdQESGEMYYpwZUTZEmtVi3hKsSpZVEACzR6+fduP6RxwKShgmjdwSgybkKU4VSwaa4baxYROiID1rFUkoBpN5ldPYVHVulDP1S2pIEz9ftEQgKtJ4FnOwNihvq3l4p/eZ3Y+FU34TKKDZN0vsiPBTQhTCOAfa4YNWJiCaGK21shHRJFqLFB5WwIX5/C/0mrVMTlYu26XKifLeLIggNwCI4BBhVQB5egAZqAAgUewBN4du6dR+fFeZ23ZpzFzD74AeftExEBkkI=</latexit>

what it needs to be 
to keep the object 

from going through 
the surface

Ffr = µFN

<latexit sha1_base64="8L6u/NPI95Ri0rBnH+/4ikb6T+k=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVSal2HYhFIXiSirYB7TDkEkzbWgyMySZQhn6J25cKOLWP3Hn35hpK6jogQuHc+7l3nv8mDOlHefDyq2tb2xu5bcLO7t7+wf24VFHRYkktE0iHsmejxXlLKRtzTSnvVhSLHxOu/7kOvO7UyoVi8J7PYupK/AoZAEjWBvJs+2mlwZyDi/hQCSw6d16dtEpOY6DEIIZQdULx5B6vVZGNYgyy6AIVmh59vtgGJFE0FATjpXqIyfWboqlZoTTeWGQKBpjMsEj2jc0xIIqN11cPodnRhnCIJKmQg0X6veJFAulZsI3nQLrsfrtZeJfXj/RQc1NWRgnmoZkuShIONQRzGKAQyYp0XxmCCaSmVshGWOJiTZhFUwIX5/C/0mnXEKVUv2uUmxcreLIgxNwCs4BAlXQADegBdqAgCl4AE/g2UqtR+vFel225qzVzDH4AevtE0bNktA=</latexit>

FG = G
M1M2

R2

<latexit sha1_base64="R/dt/90/wgCuqmpGXQyxwThZxhU="></latexit>

Fs = �kx

<latexit sha1_base64="cPGD0oRjb2LpKpLRt/tqYpFy+ZI=">AAAB83icdVDLSgNBEOz1GeMr6tHLYBC8GGZCMMlBCAriMYJ5QLKE2ckkGTL7YGZWDEt+w4sHRbz6M978G2eTCCpa0FBUddPd5UVSaIPxh7O0vLK6tp7ZyG5ube/s5vb2mzqMFeMNFspQtT2quRQBbxhhJG9HilPfk7zljS9Tv3XHlRZhcGsmEXd9OgzEQDBqrNS96iV6is4ROh3f93J5XMAYE0JQSkj5DFtSrVaKpIJIalnkYYF6L/fe7Ycs9nlgmKRadwiOjJtQZQSTfJrtxppHlI3pkHcsDajPtZvMbp6iY6v00SBUtgKDZur3iYT6Wk98z3b61Iz0by8V//I6sRlU3EQEUWx4wOaLBrFEJkRpAKgvFGdGTiyhTAl7K2IjqigzNqasDeHrU/Q/aRYLpFSo3pTytYtFHBk4hCM4AQJlqME11KEBDCJ4gCd4dmLn0XlxXuetS85i5gB+wHn7BNfqkPE=</latexit>

⌧ = RF sin ✓

<latexit sha1_base64="ZH7MIJbHVv+r6XtmAv8O8/EGpVU=">AAAB/nicdVBNSwMxEM3Wr1q/quLJS7AInsqmiG0PQlEQj1XsB3RLyaZpG8xml2RWKEvBv+LFgyJe/R3e/Ddm2woq+mDg8d4MM/P8SAoDrvvhZBYWl5ZXsqu5tfWNza389k7ThLFmvMFCGeq2Tw2XQvEGCJC8HWlOA1/yln97nvqtO66NCNUNjCPeDehQiYFgFKzUy+95QGN8iq8vPCNU4sGIA5308gW36LouIQSnhJRPXEuq1UqJVDBJLYsCmqPey797/ZDFAVfAJDWmQ9wIugnVIJjkk5wXGx5RdkuHvGOpogE33WR6/gQfWqWPB6G2pQBP1e8TCQ2MGQe+7QwojMxvLxX/8joxDCrdRKgoBq7YbNEglhhCnGaB+0JzBnJsCWVa2FsxG1FNGdjEcjaEr0/x/6RZKpLjYvXquFA7m8eRRfvoAB0hgsqohi5RHTUQQwl6QE/o2bl3Hp0X53XWmnHmM7voB5y3T/YTlYo=</latexit>

⌧ = I↵

<latexit sha1_base64="6Dru4MxsJ1PI5UsoYkR9FAu+Bf4=">AAAB+HicdVDLSgNBEJyNrxgfWfXoZTAInsJOCCY5CEEveotgTCC7hN7JbDJk9sHMrBBDvsSLB0W8+ine/BtnkwgqWtBQVHXT3eUngivtOB9WbmV1bX0jv1nY2t7ZLdp7+7cqTiVlbRqLWHZ9UEzwiLU114J1E8kg9AXr+OOLzO/cMal4HN3oScK8EIYRDzgFbaS+XXQ1pPgMX2EXRDKCvl1yyo7jEEJwRkjt1DGk0ahXSB2TzDIooSVaffvdHcQ0DVmkqQClesRJtDcFqTkVbFZwU8USoGMYsp6hEYRMedP54TN8bJQBDmJpKtJ4rn6fmEKo1CT0TWcIeqR+e5n4l9dLdVD3pjxKUs0iulgUpALrGGcp4AGXjGoxMQSo5OZWTEcggWqTVcGE8PUp/p/cVsqkWm5cV0vN82UceXSIjtAJIqiGmugStVAbUZSiB/SEnq1769F6sV4XrTlrOXOAfsB6+wSY35Jx</latexit>



Energy
Is conserved if only conservative forces

W =

Z
~F · d~x

<latexit sha1_base64="leyC8pv7fvgcADGDLfKZ8JUqOCc=">AAACCHicdVDLSgMxFM3UV62vUZcuDBbBVZmUYtuFUBTEZQX7gM5QMplMG5p5kGSKZejSjb/ixoUibv0Ed/6NmbaCih4InJxzL/fe48acSWVZH0ZuaXlldS2/XtjY3NreMXf32jJKBKEtEvFIdF0sKWchbSmmOO3GguLA5bTjji4yvzOmQrIovFGTmDoBHoTMZwQrLfXNww48gzYLFbTHlKSXU2gTL1LQm31vp32zaJUsy0IIwYyg6qmlSb1eK6MaRJmlUQQLNPvmu+1FJAloqAjHUvaQFSsnxUIxwum0YCeSxpiM8ID2NA1xQKWTzg6ZwmOteNCPhH56pZn6vSPFgZSTwNWVAVZD+dvLxL+8XqL8mpOyME4UDcl8kJ9wqCKYpQI9JihRfKIJJoLpXSEZYoGJ0tkVdAhfl8L/SbtcQpVS/bpSbJwv4siDA3AETgACVdAAV6AJWoCAO/AAnsCzcW88Gi/G67w0Zyx69sEPGG+f04WZSg==</latexit>

if F is constant W = ~F · ~x

<latexit sha1_base64="OJ8Luv6bTguBvM0rB6Gk0Qjprbo=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBVZmUYtuFUBTEZQX7gM5QMplMG5p5kGSKZSi48VfcuFDErT/hzr8x01ZQ0QMXTs65l9x73JgzqSzrw8gtLa+sruXXCxubW9s75u5eW0aJILRFIh6Jrosl5SykLcUUp91YUBy4nHbc0UXmd8ZUSBaFN2oSUyfAg5D5jGClpb550IFn0B5Tkl5OoU28SM1ft1PYN4tWybIshBDMCKqeWprU67UyqkGUWRpFsECzb77bXkSSgIaKcCxlD1mxclIsFCOcTgt2ImmMyQgPaE/TEAdUOunshik81ooH/UjoChWcqd8nUhxIOQlc3RlgNZS/vUz8y+slyq85KQvjRNGQzD/yEw5VBLNAoMcEJYpPNMFEML0rJEMsMFE6toIO4etS+D9pl0uoUqpfV4qN80UceXAIjsAJQKAKGuAKNEELEHAHHsATeDbujUfjxXidt+aMxcw++AHj7RPRlZcN</latexit>

KE =
1

2
mv2

<latexit sha1_base64="/Neob54F/6K1mESktZaZvRBGHYw=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXJXJUGy7EIoiCG4q2FZox5JJM21o5kGSKZRxFv6KGxeKuPU33Pk3ZtoKKnrgwuGce7n3HjfiTCrL+jByC4tLyyv51cLa+sbmlrm905JhLAhtkpCH4sbFknIW0KZiitObSFDsu5y23dFZ5rfHVEgWBtdqElHHx4OAeYxgpaWeuXd5Dk9g1xOYJChN7BT6cHxr98yiVbIsCyEEM4Iqx5YmtVrVRlWIMkujCOZo9Mz3bj8ksU8DRTiWsoOsSDkJFooRTtNCN5Y0wmSEB7SjaYB9Kp1ken8KD7XSh14odAUKTtXvEwn2pZz4ru70sRrK314m/uV1YuVVnYQFUaxoQGaLvJhDFcIsDNhnghLFJ5pgIpi+FZIh1lkoHVlBh/D1KfyftOwSKpdqV+Vi/XQeRx7sgwNwBBCogDq4AA3QBATcgQfwBJ6Ne+PReDFeZ605Yz6zC37AePsE9ymU1A==</latexit>

KE =
1

2
I!2

<latexit sha1_base64="q71Ii06xWtCxgoyDKX2QFbNZvYE=">AAACBHicdVDLSgMxFM3UV62vUZfdBIvgqkxKse1CKIqguKlgW6EzlkyaaUMzD5KMUIZZuPFX3LhQxK0f4c6/MdNWUNEDFw7n3Mu997gRZ1JZ1oeRW1hcWl7JrxbW1jc2t8ztnY4MY0Fom4Q8FNculpSzgLYVU5xeR4Ji3+W0645PMr97S4VkYXClJhF1fDwMmMcIVlrqm8WLU3gEbU9gkqA0qaTwHNqhT4f4ptI3S1bZsiyEEMwIqh1amjQa9QqqQ5RZGiUwR6tvvtuDkMQ+DRThWMoesiLlJFgoRjhNC3YsaYTJGA9pT9MA+1Q6yfSJFO5rZQC9UOgKFJyq3ycS7Es58V3d6WM1kr+9TPzL68XKqzsJC6JY0YDMFnkxhyqEWSJwwAQlik80wUQwfSskI6wDUTq3gg7h61P4P+lUyqhablxWS83jeRx5UAR74AAgUANNcAZaoA0IuAMP4Ak8G/fGo/FivM5ac8Z8Zhf8gPH2CY+5ltE=</latexit>

U(x) =

Z
F (x)dx

<latexit sha1_base64="XteLz5C08e2O61hQQFJQOTyLFjg=">AAAB/HicdVDLSgMxFM3UV62v0S7dBItQN2VSim0XQlEQlxWcVmiHkslk2tDMgyQjHUr9FTcuFHHrh7jzb8y0FVT0QOBwzr3ck+PGnEllWR9GbmV1bX0jv1nY2t7Z3TP3DzoySgShNol4JG5dLClnIbUVU5zexoLiwOW0644vMr97R4VkUXij0pg6AR6GzGcEKy0NzKJdnpzAM9hnoYKXGfcmA7NkVSzLQgjBjKD6qaVJs9moogZEmaVRAku0B+Z734tIEtBQEY6l7CErVs4UC8UIp7NCP5E0xmSMh7SnaYgDKp3pPPwMHmvFg34k9NMZ5ur3jSkOpEwDV08GWI3kby8T//J6ifIbzpSFcaJoSBaH/IRDFcGsCegxQYniqSaYCKazQjLCAhOl+yroEr5+Cv8nnWoF1SrN61qpdb6sIw8OwREoAwTqoAWuQBvYgIAUPIAn8GzcG4/Gi/G6GM0Zy50i+AHj7RP7LJMY</latexit>

Ug(h) = mgh

<latexit sha1_base64="f2U0+vZofTWRGTSr3dJ+KvkDc5o=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUTUlKse1CKLpxWcFpC+1QMmlmJjTzIMkIZehvuHGhiFt/xp1/Y6atoKIHLhzOuZd773ETwZVG6MMqrK1vbG4Vt0s7u3v7B+XDo56KU0mZTWMRy4FLFBM8YrbmWrBBIhkJXcH67vQ69/v3TCoeR3d6ljAnJH7EPU6JNtLIHvvV4BxewtAPxuUKqiGEMMYwJ7h5gQxpt1t13II4twwqYIXuuPw+msQ0DVmkqSBKDTFKtJMRqTkVbF4apYolhE6Jz4aGRiRkyskWN8/hmVEm0IulqUjDhfp9IiOhUrPQNZ0h0YH67eXiX94w1V7LyXiUpJpFdLnISwXUMcwDgBMuGdViZgihkptbIQ2IJFSbmEomhK9P4f+kV6/hRq1926h0rlZxFMEJOAVVgEETdMAN6AIbUJCAB/AEnq3UerRerNdla8FazRyDH7DePgGMxZDB</latexit>

Us(x) =
1

2
kx2

<latexit sha1_base64="wRhb3jmXKJTkPA2V/NyJDCEhvI8=">AAACAXicdVDLSgMxFM3UV62vUTeCm2AR6qZMhmLbhVB047KC0xbaWjJppg3NPEgy0jLUjb/ixoUibv0Ld/6NmbaCih64cDjnXu69x404k8qyPozM0vLK6lp2PbexubW9Y+7uNWQYC0IdEvJQtFwsKWcBdRRTnLYiQbHvctp0Rxep37ylQrIwuFaTiHZ9PAiYxwhWWuqZB05PFsYn8Ax2PIFJgqaJPR2Nb+yembeKlmUhhGBKUPnU0qRardioAlFqaeTBAvWe+d7phyT2aaAIx1K2kRWpboKFYoTTaa4TSxphMsID2tY0wD6V3WT2wRQea6UPvVDoChScqd8nEuxLOfFd3eljNZS/vVT8y2vHyqt0ExZEsaIBmS/yYg5VCNM4YJ8JShSfaIKJYPpWSIZYJ6F0aDkdwten8H/SsIuoVKxelfK180UcWXAIjkABIFAGNXAJ6sABBNyBB/AEno1749F4MV7nrRljMbMPfsB4+wQHzpYI</latexit>

UG(r) = �G
M1M2

R

<latexit sha1_base64="sTqY28+jqk/K7RXw9+AAX7a4rPU="></latexit>

Power P =
dE

dt
= ~F · ~v

<latexit sha1_base64="7yeAlDceZOju6nmhGtmFe/7UGow="></latexit>

if F is constant



Momentum
Is conserved if no outside force (torque)

L = I! = mvR sin ✓

<latexit sha1_base64="C6mriOpkToc/kGEbrUv8kwJ0YWc="></latexit>

~F =
d~p

dt

<latexit sha1_base64="qwM2U4VUV7pDfimCPhTnC7yK6wQ=">AAACBnicdVDLSgMxFM3UV62vUZciBIvgqkxKse1CKArisoJthc5QMplMG5p5kGQKZZiVG3/FjQtF3PoN7vwbM20FFT0QOJxzDzf3uDFnUlnWh1FYWl5ZXSuulzY2t7Z3zN29rowSQWiHRDwSty6WlLOQdhRTnN7GguLA5bTnji9yvzehQrIovFHTmDoBHobMZwQrLQ3MQ3tCSXqZwTOYejMeZ9COdAR6KhuYZatiWRZCCOYE1U8tTZrNRhU1IMotjTJYoD0w320vIklAQ0U4lrKPrFg5KRaKEU6zkp1IGmMyxkPa1zTEAZVOOjsjg8da8aAfCf1CBWfq90SKAymngasnA6xG8reXi395/UT5DSdlYZwoGpL5Ij/hUEUw7wR6TFCi+FQTTATTf4VkhAUmSjdX0iV8XQr/J91qBdUqzetauXW+qKMIDsAROAEI1EELXIE26AAC7sADeALPxr3xaLwYr/PRgrHI7IMfMN4+AR20mPI=</latexit>

~p = m~v

<latexit sha1_base64="11kHv2cQ6x4NUzmM+DIG/xe+Baw=">AAAB+3icdZDLSgMxFIYzXmu9jXXpJlgEV2VSim0XQtGNywr2Au1QMmnahiaZIckUyzCv4saFIm59EXe+jZm2gooeCHz8/zmckz+IONPG8z6ctfWNza3t3E5+d2//4NA9KrR1GCtCWyTkoeoGWFPOJG0ZZjjtRopiEXDaCabXmd+ZUaVZKO/MPKK+wGPJRoxgY6WBW+jPKEmiFF5CscBZOnCLXsnzPIQQzABVLzwL9XqtjGoQZZatIlhVc+C+94chiQWVhnCsdQ95kfETrAwjnKb5fqxphMkUj2nPosSCaj9Z3J7CM6sM4ShU9kkDF+r3iQQLrecisJ0Cm4n+7WXiX14vNqOanzAZxYZKslw0ijk0IcyCgEOmKDF8bgETxeytkEywwsTYuPI2hK+fwv+hXS6hSql+Wyk2rlZx5MAJOAXnAIEqaIAb0AQtQMA9eABP4NlJnUfnxXldtq45q5lj8KOct08xxZSV</latexit>

⌧ =
dL

dt

<latexit sha1_base64="Pi74Zvgob71Uj6xlfPxHhSvG3bk=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqzIpxbYLoejGhYsK9gFtKZlM2oZmHiR3hDoUf8WNC0Xc+h/u/BszbQUVPRA4nHMu9+a4kRQaHOfDyiwtr6yuZddzG5tb2zv27l5Th7FivMFCGaq2SzWXIuANECB5O1Kc+q7kLXd8kfqtW660CIMbmES859NhIAaCUTBS3z7oAo3xGU68K9wNTRJ7MO3beafgOA4hBKeElE8dQ6rVSpFUMEktgzxaoN6337teyGKfB8Ak1bpDnAh6CVUgmOTTXDfWPKJsTIe8Y2hAfa57yez6KT42iocHoTIvADxTv08k1Nd64rsm6VMY6d9eKv7ldWIYVHqJCKIYeMDmiwaxxBDitArsCcUZyIkhlClhbsVsRBVlYArLmRK+for/J81igZQK1etSvna+qCOLDtEROkEElVENXaI6aiCG7tADekLP1r31aL1Yr/NoxlrM7KMfsN4+AYzElLA=</latexit>

example: collision that stick together

mAvA +mBvB = (mA +mB)v
0

<latexit sha1_base64="Gr5tiKQj46S0lCQg9W1p8G5CdOw=">AAACCnicdZDLSgMxFIYz9VbrbdSlm2gRK0KZlGLbhVDrxmUFawttGTJp2oYmM0OSKZTStRtfxY0LRdz6BO58GzO9gIoeOPDx/+eQnN8LOVPacT6txNLyyupacj21sbm1vWPv7t2pIJKE1kjAA9nwsKKc+bSmmea0EUqKhcdp3RtcxX59SKVigX+rRyFtC9zzWZcRrI3k2ofCvYRD02dQuBVDFXgBM2IhnA5PXDvtZB3HQQjBGFDh3DFQKhVzqAhRbJlKg3lVXfuj1QlIJKivCcdKNZET6vYYS80Ip5NUK1I0xGSAe7Rp0MeCqvZ4esoEHhulA7uBNO1rOFW/b4yxUGokPDMpsO6r314s/uU1I90ttsfMDyNNfTJ7qBtxqAMY5wI7TFKi+cgAJpKZv0LSxxITbdJLmRAWl8L/4S6XRfls6SafLlfmcSTBATgCGYBAAZTBNaiCGiDgHjyCZ/BiPVhP1qv1NhtNWPOdffCjrPcvqPWXGw==</latexit>



Statics
X

F = 0

<latexit sha1_base64="QvHeObnW0gUJ413uwMy+x0wq+Qc=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4Kkkptl0IRUFcVrAPbIeSSTNtaJIZkoxQSv/CjQtF3Po37vwbM20FFT1w4XDOvdx7TxALbixCH15mZXVtfSO7mdva3tndy+8ftEyUaMqaNBKR7gTEMMEVa1puBevEmhEZCNYOxpep375n2vBI3dpJzHxJhoqHnBLrpLueSSS8gucQ9fMFVEQIYYxhSnDlDDlSq1VLuApxajkUwBKNfv69N4hoIpmyVBBjuhjF1p8SbTkVbJbrJYbFhI7JkHUdVUQy40/nF8/giVMGMIy0K2XhXP0+MSXSmIkMXKckdmR+e6n4l9dNbFj1p1zFiWWKLhaFiYA2gun7cMA1o1ZMHCFUc3crpCOiCbUupJwL4etT+D9plYq4XKzdlAv1i2UcWXAEjsEpwKAC6uAaNEATUKDAA3gCz57xHr0X73XRmvGWM4fgB7y3Tw4sj+Q=</latexit>

X
⌧ = 0

<latexit sha1_base64="fAR0jRtIvLml53p7IA79T1iC9/8=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiB4Ct0hmOQgBL14jGAWyAyhp9OTNOlZ7CUQhnyHFw+KePVjvPk39iQRVPRBweO9Kqrq+YngSiP04eTW1jc2t/LbhZ3dvf2D4uFRR8VGUtamsYhlzyeKCR6xtuZasF4iGQl9wbr+5Drzu1MmFY+jOz1LmBeSUcQDTom2kucqE0JXEwMvIRoUS6iMEMIYw4zg2gWypNGoV3Ad4syyKIEVWoPiuzuMqQlZpKkgSvUxSrSXEqk5FWxecI1iCaETMmJ9SyMSMuWli6Pn8MwqQxjE0lak4UL9PpGSUKlZ6NvOkOix+u1l4l9e3+ig7qU8SoxmEV0uCoyAOoZZAnDIJaNazCwhVHJ7K6RjIgnVNqeCDeHrU/g/6VTKuFpu3FZLzatVHHlwAk7BOcCgBprgBrRAG1BwDx7AE3h2ps6j8+K8LltzzmrmGPyA8/YJoAKRYg==</latexit>


