
KINEMATICS 2D
Chapter 3



VECTORS

• Many of the quantities we have been discussing are vectors. If a 
quantity is a vector or not is very important in understanding what 
the quantity means and how to use it.

• A vector is something that has both a magnitude and a direction.

• Something which only has magnitude but no direction is called a 
scalar.



VECTORS

• What quantities that we’ve discussed so far are vectors?

• Which are scalars?

distance velocity acceleration

time



ADDING VECTORS

• The main feature of vectors that makes them more difficult then 
regular numbers is that you can’t add them the same way.

• You know how to add 5+5, but what is 5km north + 5km east?

• We will learn 2 ways to add vectors, the graphical method and using 
components. 



THE GRAPHICAL METHOD
• One way to visualize adding vectors is to draw them as arrows.

• To add two vectors you place the tip of one on the tail of the other. 

+ = + = notice it doesn’t matter what 
order you add the vectors 

- =

You aren’t going to add vectors this way, but this should help you 
visualize what you expect your answer to be and avoid mistakes



ADDING BY COMPONENTS
• The real way to deal with vectors is to deal with their components.

• Once you realize that only the components matter, everything with 
vectors just becomes dealing with the components.

• Before we start with components let’s review triangles.



TRIANGLES

θ

R

X

Y

sin θ = Y/R

cos θ = X/R

tan θ = Y/X

R2 = X2 +  Y2



ADDING BY COMPONENTS
If instead you have a vector you can always get 
the x and y components by making a triangle.

V
Vy

Vx
θ

Vx = Vcosθ

Vy = Vsinθ

These are the x and y components of  V.

The components can be added like numbers, so once we break 
vectors into components we can just add the components.



ADDING BY COMPONENTS
If we have added up the components we can get 
the magnitude and direction of the vector from 

V
Vy

Vx
θ

V = sqrt(Vx2 + Vy2) 

θ = tan-1(Y/X)
Note this will not return degrees 

unless set on your calculator.

So we can break a vector into components and 
combine components to get a vector



EXAMPLE 3.3
• Add the vector 𝐀 to the vector 𝐁 shown in the Figure, using perpendicular components along 

the x- and y-axes. The x- and y-axes are along the east–west and north–south directions, 
respectively. Vector 𝐀 represents the first leg of a walk in which a person walks 53.0 m in a 

direction 20.0º north of east.  Vector 𝐁 represents the second leg, a displacement of 34.0 m in a 
direction 63.0º north of east.

<latexit sha1_base64="KE1w5hkUddN7HDp306/On1rq6r0=">AAAB/3icdVDJSgNBEO1xjXGLCl68NAYhXsJ0CFkOQqIXjxHMAkkYejqdpEnPQneNGGIO/ooXD4p49Te8+Tf2JBFU9EHB470qquq5oRQabPvDWlpeWV1bT2wkN7e2d3ZTe/sNHUSK8ToLZKBaLtVcCp/XQYDkrVBx6rmSN93RRew3b7jSIvCvYRzyrkcHvugLRsFITuqw6tziM1zFHRboTAeGHKhTPXVSaTtr2zYhBMeEFAu2IeVyKUdKmMSWQRotUHNS751ewCKP+8Ak1bpN7BC6E6pAMMmnyU6keUjZiA5421Cfelx3J7P7p/jEKD3cD5QpH/BM/T4xoZ7WY881nR6Fof7txeJfXjuCfqk7EX4YAffZfFE/khgCHIeBe0JxBnJsCGVKmFsxG1JFGZjIkiaEr0/x/6SRy5JCNn+VT1fOF3Ek0BE6RhlEUBFV0CWqoTpi6A49oCf0bN1bj9aL9TpvXbIWMwfoB6y3T9rElMA=</latexit>

Ax = A cos(✓A)

<latexit sha1_base64="QYLFIwN+mMIYtzU6vpKfBPagAAY=">AAAB/3icdVBNSwMxEM36bf2qCl68BIugl7IppR8HodWLRwVbC91lyaapDc1ml2RWKLUH/4oXD4p49W9489+Y1Qoq+mDg8d4MM/PCRAoDrvvmzMzOzS8sLi3nVlbX1jfym1ttE6ea8RaLZaw7ITVcCsVbIEDyTqI5jULJL8PhSeZfXnNtRKwuYJRwP6JXSvQFo2ClIL/TDEb4CDexZ4Q68GDAgQbNwyBfcIuu6xJCcEZIteJaUq/XSqSGSWZZFNAUZ0H+1evFLI24AiapMV3iJuCPqQbBJJ/kvNTwhLIhveJdSxWNuPHHH/dP8L5Vergfa1sK8If6fWJMI2NGUWg7IwoD89vLxL+8bgr9mj8WKkmBK/a5qJ9KDDHOwsA9oTkDObKEMi3srZgNqKYMbGQ5G8LXp/h/0i4VSaVYPi8XGsfTOJbQLtpDB4igKmqgU3SGWoihG3SHHtCjc+vcO0/O82frjDOd2UY/4Ly8A+Q7lMY=</latexit>

Ay = A sin(✓A)

<latexit sha1_base64="8djlQqTJtAzvTDtSCOn0ADa9D2s=">AAAB/3icdVBNSwMxEM36WevXquDFS7AI9VI2RbQeBKkXjwr2A9qyZNOsDWazSzIrlLUH/4oXD4p49W9489+YbSuo6IOBx3szzMwLEikMeN6HMzM7N7+wWFgqLq+srq27G5tNE6ea8QaLZazbATVcCsUbIEDydqI5jQLJW8HNWe63brk2IlZXMEx4L6LXSoSCUbCS727X/SE+wXXcNUKVuzDgQP36vu+WvIrneYQQnBNydOhZcnxcq5IaJrllUUJTXPjue7cfszTiCpikxnSIl0AvoxoEk3xU7KaGJ5Td0GvesVTRiJteNr5/hPes0sdhrG0pwGP1+0RGI2OGUWA7IwoD89vLxb+8TgphrZcJlaTAFZssClOJIcZ5GLgvNGcgh5ZQpoW9FbMB1ZSBjaxoQ/j6FP9PmtUKOawcXB6UTuvTOApoB+2iMiLoCJ2ic3SBGoihO/SAntCzc+88Oi/O66R1xpnObKEfcN4+AejslMk=</latexit>

By = B sin(✓B)

<latexit sha1_base64="sSGvirNhR9acXtjGB6hgINYyYF0=">AAAB/3icdVBLS0JBFJ5rL7OXFbRpMySBbeSOiI9FILZpaZAPULnMHUcdnPtg5txIzEV/pU2LItr2N9r1b5qrBhX1wYGP7zuHc87nhlJosO0PK7Gyura+kdxMbW3v7O6l9w+aOogU4w0WyEC1Xaq5FD5vgADJ26Hi1HMlb7nji9hv3XClReBfwyTkPY8OfTEQjIKRnPRRzbnF57iGuyzQ2S6MOFCnduakM3bOtm1CCI4JKRVtQyqVcp6UMYktgwxaou6k37v9gEUe94FJqnWH2CH0plSBYJLPUt1I85CyMR3yjqE+9bjuTef3z/CpUfp4EChTPuC5+n1iSj2tJ55rOj0KI/3bi8W/vE4Eg3JvKvwwAu6zxaJBJDEEOA4D94XiDOTEEMqUMLdiNqKKMjCRpUwIX5/i/0kznyPFXOGqkKnWlnEk0TE6QVlEUAlV0SWqowZi6A49oCf0bN1bj9aL9bpoTVjLmUP0A9bbJ991lMM=</latexit>

Bx = B cos(✓B)

<latexit sha1_base64="RQLaJ0lRaUrztXpzxfpN9+/8+lw=">AAACAnicdVDLSgMxFM3UV62vqitxEyxC3QxJrX0shKIblxXsA9pSMmnahiYzQ5IRSilu/BU3LhRx61e482/MtBVU9MCFwzn3cu89Xii4Ngh9OIml5ZXVteR6amNza3snvbtX10GkKKvRQASq6RHNBPdZzXAjWDNUjEhPsIY3uoz9xi1Tmgf+jRmHrCPJwOd9TomxUjd9AM/h2amLJGzTQGdz6MQK+bJbkt10BrkIIYwxjAkuFpAl5XIph0sQx5ZFBixQ7abf272ARpL5hgqidQuj0HQmRBlOBZum2pFmIaEjMmAtS30ime5MZi9M4bFVerAfKFu+gTP1+8SESK3H0rOdkpih/u3F4l9eKzL9UmfC/TAyzKfzRf1IQBPAOA/Y44pRI8aWEKq4vRXSIVGEGptayobw9Sn8n9RzLi64+et8pnKxiCMJDsERyAIMiqACrkAV1AAFd+ABPIFn5955dF6c13lrwlnM7IMfcN4+AZ+Ek8U=</latexit>

= 53.0m cos(20) = 49.8m

<latexit sha1_base64="jqzX0JP1yT2CTk12/9fzavMLgZQ=">AAACAnicdVDLSgMxFM34rPVVdSVugkWomyFpax8LoejGZQX7gLaUTJq2ocnMkGSEUoobf8WNC0Xc+hXu/BszbQUVPXDhcM693HuPFwquDUIfztLyyuraemIjubm1vbOb2tuv6yBSlNVoIALV9IhmgvusZrgRrBkqRqQnWMMbXcZ+45YpzQP/xoxD1pFk4PM+p8RYqZs6hOcwl3eRhG0a6Ewhd2oFfObmZTeVRi5CCGMMY4KLBWRJuVzK4hLEsWWRBgtUu6n3di+gkWS+oYJo3cIoNJ0JUYZTwabJdqRZSOiIDFjLUp9IpjuT2QtTeGKVHuwHypZv4Ez9PjEhUuux9GynJGaof3ux+JfXiky/1JlwP4wM8+l8UT8S0AQwzgP2uGLUiLElhCpub4V0SBShxqaWtCF8fQr/J/Wsiwtu/jqfrlws4kiAI3AMMgCDIqiAK1AFNUDBHXgAT+DZuXcenRfndd665CxmDsAPOG+fmAGTwA==</latexit>

= 34.0m cos(63) = 15.4m
<latexit sha1_base64="5ZruDJkiGwIZD++8VphLWlvq/UA=">AAACAnicdVBNSwMxEM3W7/q16km8BItQL0vSlrYeBNGLRwVrC20p2TRtQ5PskmSFsogX/4oXD4p49Vd489+Y1Qoq+mDg8d4MM/PCWHBjEXrzcjOzc/MLi0v55ZXVtXV/Y/PSRImmrEEjEelWSAwTXLGG5VawVqwZkaFgzXB8kvnNK6YNj9SFncSsK8lQ8QGnxDqp52/DQ1iuBEjCjuGqWC3vZwIKyrLnF1CAEMIYw4zgWhU5cnBQL+E6xJnlUABTnPX8104/oolkylJBjGljFNtuSrTlVLDrfCcxLCZ0TIas7agikplu+vHCNdxzSh8OIu1KWfihfp9IiTRmIkPXKYkdmd9eJv7ltRM7qHdTruLEMkU/Fw0SAW0Eszxgn2tGrZg4Qqjm7lZIR0QTal1qeRfC16fwf3JZCnA1qJxXCkfH0zgWwQ7YBUWAQQ0cgVNwBhqAghtwBx7Ao3fr3XtP3vNna86bzmyBH/Be3gGZ05PB</latexit>

= 34.0m sin(63) = 30.3m

<latexit sha1_base64="NV1jNwSe21/4Eac1wxNRks97Y+8=">AAACAnicdVBNSwMxEM36WetX1ZN4CRZBL0tStd0ehKIXjxVsFdqlZNNUg0l2SbJCKcWLf8WLB0W8+iu8+W/MthVU9MHA470ZZuZFieDGIvThTU3PzM7N5xbyi0vLK6uFtfWmiVNNWYPGItaXETFMcMUallvBLhPNiIwEu4huTjL/4pZpw2N1bvsJCyW5UrzHKbFO6hQ24RE83PeRhG3D1W4J7TkBBz6WnUIR+QghjDHMCK6UkSPValDCAcSZ5VAEE9Q7hfd2N6apZMpSQYxpYZTYcEC05VSwYb6dGpYQekOuWMtRRSQz4WD0whDuOKULe7F2pSwcqd8nBkQa05eR65TEXpvfXib+5bVS2wvCAVdJapmi40W9VEAbwywP2OWaUSv6jhCqubsV0muiCbUutbwL4etT+D9plnxc9g/ODoq140kcObAFtsEuwKACauAU1EEDUHAHHsATePbuvUfvxXsdt055k5kN8APe2yeWrJO/</latexit>

= 53.0m sin(20) = 18.1m



EXAMPLE 3.3
• Add the vector 𝐀 to the vector 𝐁 shown in the Figure, using perpendicular components along 

the x- and y-axes. The x- and y-axes are along the east–west and north–south directions, 
respectively. Vector 𝐀 represents the first leg of a walk in which a person walks 53.0 m in a 

direction 20.0º north of east.  Vector 𝐁 represents the second leg, a displacement of 34.0 m in a 
direction 63.0º north of east.

<latexit sha1_base64="E1hjZP+upwvCEdbdPqdqN8mXzjI=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCIJRJKX0shFo3LqvYVmiHIZNm2tDMgyQjrUO/xI0LRdz6Ke78GzNtBRU9cC+Hc+4lN8eNOJPKsj6MzMrq2vpGdjO3tb2zmzf39jsyjAWhbRLyUNy6WFLOAtpWTHF6GwmKfZfTrju+SP3uHRWShcGNmkbU9vEwYB4jWGnJMfPXzgSewXPdT2HTmThmwSpaloUQgilB1YqlSb1eK6EaRKmlUQBLtBzzvT8ISezTQBGOpewhK1J2goVihNNZrh9LGmEyxkPa0zTAPpV2Mj98Bo+1MoBeKHQFCs7V7xsJ9qWc+q6e9LEayd9eKv7l9WLl1eyEBVGsaEAWD3kxhyqEaQpwwAQlik81wUQwfSskIywwUTqrnA7h66fwf9IpFVGlWL4qFxrNZRxZcAiOwAlAoAoa4BK0QBsQEIMH8ASejXvj0XgxXhejGWO5cwB+wHj7BI+AkcI=</latexit>

Rx = Ax +Bx

<latexit sha1_base64="dPvxLHZnojj6PbOs6F2zvatbtdQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCIJRJKX0shFo3LqvYWmiHIZNm2tDMgyQjjEO/xI0LRdz6Ke78GzNtBRU9cC+Hc+4lN8eNOJPKsj6M3Mrq2vpGfrOwtb2zWzT39nsyjAWhXRLyUPRdLClnAe0qpjjtR4Ji3+X01p1eZP7tHRWShcGNSiJq+3gcMI8RrLTkmMVrJ4Fn8Fz3U9h2EscsWWXLshBCMCOoXrM0aTYbFdSAKLM0SmCJjmO+D0chiX0aKMKxlANkRcpOsVCMcDorDGNJI0ymeEwHmgbYp9JO54fP4LFWRtALha5Awbn6fSPFvpSJ7+pJH6uJ/O1l4l/eIFZew05ZEMWKBmTxkBdzqEKYpQBHTFCieKIJJoLpWyGZYIGJ0lkVdAhfP4X/k16ljGrl6lW11Gov48iDQ3AETgACddACl6ADuoCAGDyAJ/Bs3BuPxovxuhjNGcudA/ADxtsnlB6RxQ==</latexit>

Ry = Ay +By

<latexit sha1_base64="G/sQsLpo9mu29zlvMEI1/9KBlh0=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARBGGYlOlrUSi6cVnBPqAtJZOmbWgyMyQZoZS68VfcuFDErX/hzr8x01ZQ0QMXDufcy733+BFnSrvuh5VaWV1b30hvZra2d3b37P2DhgpjSWidhDyULR8ryllA65ppTluRpFj4nDb98WXiN2+pVCwMbvQkol2BhwEbMIK1kXr2UQV6Zack4DlEeccTsAILeScHRc/Ouo7rugghmBBULLiGlMulHCpBlFgGWbBErWe/d/ohiQUNNOFYqTZyI92dYqkZ4XSW6cSKRpiM8ZC2DQ2woKo7nX8wg6dG6cNBKE0FGs7V7xNTLJSaCN90CqxH6reXiH957VgPSt0pC6JY04AsFg1iDnUIkzhgn0lKNJ8Ygolk5lZIRlhiok1oGRPC16fwf9LIOajgeNdetnqxjCMNjsEJOAMIFEEVXIEaqAMC7sADeALP1r31aL1Yr4vWlLWcOQQ/YL19AjR1kuw=</latexit>

= 49.8m+ 15.4m = 65.2m

<latexit sha1_base64="DVpk0YlI3XK6xPdWwoZFSAG5n9Y=">AAAB/3icdVDLSgMxFM3Ud31VBTdugkUQhCHRouOiILpxqWAf0A4lk2baYJIZkoxQahf+ihsXirj1N9z5N2ZsBRU9cOFwzr3ce0+UCm4sQu9eYWp6ZnZufqG4uLS8slpaW6+bJNOU1WgiEt2MiGGCK1az3ArWTDUjMhKsEV2f5X7jhmnDE3VlBykLJekpHnNKrJM6pc0qxIGPJdw7QP6BhFVYCfyK7JTKyEcIYYxhTvDRIXLk+DjYxwHEueVQBhNcdEpv7W5CM8mUpYIY08IoteGQaMupYKNiOzMsJfSa9FjLUUUkM+Hw8/4R3HFKF8aJdqUs/FS/TwyJNGYgI9cpie2b314u/uW1MhsH4ZCrNLNM0fGiOBPQJjAPA3a5ZtSKgSOEau5uhbRPNKHWRVZ0IXx9Cv8n9X0fH/qVy0r55HQSxzzYAttgF2BwBE7AObgANUDBLbgHj+DJu/MevGfvZdxa8CYzG+AHvNcPbc2SjA==</latexit>

= 18.1m+ 30.3m = 48.4m

<latexit sha1_base64="VjCHStSB7n3O/ibZ4Vm0fqNy+9w=">AAACAXicdVDLSgMxFM34rPVVdSO4CRZBEMqklD4WQtGNy1rsA9rpkEnTNjTzMMmIw1A3/oobF4q49S/c+Tdm2goqeuDC4Zx7ufceJ+BMKtP8MBYWl5ZXVlNr6fWNza3tzM5uU/qhILRBfO6LtoMl5cyjDcUUp+1AUOw6nLac8Xnit26okMz3rlQUUMvFQ48NGMFKS3Zmvw5PYVdeCxXX7dteHp7Auh318hM7kzVzpmkihGBCUKloalKplPOoDFFiaWTBHDU7897t+yR0qacIx1J2kBkoK8ZCMcLpJN0NJQ0wGeMh7WjqYZdKK55+MIFHWunDgS90eQpO1e8TMXaljFxHd7pYjeRvLxH/8jqhGpStmHlBqKhHZosGIYfKh0kcsM8EJYpHmmAimL4VkhEWmCgdWlqH8PUp/J808zlUzBUuC9nq2TyOFDgAh+AYIFACVXABaqABCLgDD+AJPBv3xqPxYrzOWheM+cwe+AHj7RN0W5Wl</latexit>

R =
q

R2
x +R2

y

<latexit sha1_base64="xFtJ0//TxR9KQx2qiAyi9xpuRtM="></latexit>

✓ = tan�1 Ry

Rx

<latexit sha1_base64="HSK9lwUL1ErIMT068GlnGYkV87A="></latexit>

= tan�1 48.4m

65.2m
= 36.6�

<latexit sha1_base64="Dd39H3WtSi4wVAGxwvjjrx3hsFc="></latexit>

=
p

(65.2m)2 + (48.4m)2 = 81.2m



KINEMATICS IN 2D
• The key thing about physics in 2D, is that the components can be treated separately.

• Not only addition, but all physics apply separately to the components,

• So for example an object moving at constant velocity in 2D would have an x and y 
velocity. Its position as a function of time would be given by 

• This applies for all physics. If the quantity is a vector we can write an x component 
and y component version of the equation.

<latexit sha1_base64="6rV1i5cqerJi751o9+LKNtpcsxA=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCIJSklD4WQtGNywrWFtphyKSZNjTzIMmU1tIvceNCEbd+ijv/xkxbQUUPXDiccy/33uPFgiuN0IeVWVvf2NzKbud2dvf28/bB4Z2KEklZi0Yikh2PKCZ4yFqaa8E6sWQk8ARre6Or1G+PmVQ8Cm/1NGZOQAYh9zkl2kiunZ/ACzhxETyHY3cCtWsXUBEhhDGGKcHVCjKkXq+VcA3i1DIogBWarv3e60c0CVioqSBKdTGKtTMjUnMq2DzXSxSLCR2RAesaGpKAKWe2OHwOT43Sh34kTYUaLtTvEzMSKDUNPNMZED1Uv71U/MvrJtqvOTMexolmIV0u8hMBdQTTFGCfS0a1mBpCqOTmVkiHRBKqTVY5E8LXp/B/clcq4kqxfFMuNC5XcWTBMTgBZwCDKmiAa9AELUBBAh7AE3i27q1H68V6XbZmrNXMEfgB6+0Tl0GRyA==</latexit>

x = x0 + vxt
<latexit sha1_base64="YFZpecud2R3ki5DNgyg2JQn6kxY=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCIJSklD4WQtGNywq2FdphyKSZNjTzIMkUxtIvceNCEbd+ijv/xkxbQUUPXDiccy/33uPFgiuN0IeVW1vf2NzKbxd2dvf2i/bBYVdFiaSsQyMRyTuPKCZ4yDqaa8HuYslI4AnW8yZXmd+bMql4FN7qNGZOQEYh9zkl2kiuXUzhBUxdBM/h1E2hdu0SKiOEMMYwI7heQ4Y0m40KbkCcWQYlsELbtd8Hw4gmAQs1FUSpPkaxdmZEak4FmxcGiWIxoRMyYn1DQxIw5cwWh8/hqVGG0I+kqVDDhfp9YkYCpdLAM50B0WP128vEv7x+ov2GM+NhnGgW0uUiPxFQRzBLAQ65ZFSL1BBCJTe3QjomklBtsiqYEL4+hf+TbqWMa+XqTbXUulzFkQfH4AScAQzqoAWuQRt0AAUJeABP4Nm6tx6tF+t12ZqzVjNH4Aest0+b55HL</latexit>

y = y0 + vytand



PROJECTILE MOTION
• Projectile motion is the study of objects that have constant acceleration 

in one direction and an initial velocity.

• This corresponds to lots of things in the real world; a cannon ball, a 
tennis ball, jumping out of a plane, golf, a water fountain, the high jump, a 
coyote running off of a cliff.

• The most common case of projectile motion is the acceleration comes 
from gravity in which case there is only y acceleration and ax = 0.



EXAMPLE 3.4
• During a fireworks display, a shell is shot into the air with an initial speed of 70.0 m/s at an 

angle of 75.0º above the horizontal, as illustrated in the Figure. The fuse is timed to ignite 
the shell just as it reaches its highest point above the ground. (a) Calculate the height at 
which the shell explodes. (b) How much time passed between the launch of the shell and 
the explosion? (c) What is the horizontal displacement of the shell when it explodes?

v0 = 70.0 m/s
θ = 75

y = ?
t = ?
x = ?

<latexit sha1_base64="loLyHXTwHhO7JkaNBD1H8DWIX9M=">AAACAnicdVBNSwMxEM3W7/pV9SRegkXwVJJSaj0IohePCrYK7bJk07QNzX6QzBbLsnjxr3jxoIhXf4U3/41ZW0FFHww83pthZp4fK2mAkHenMDM7N7+wuFRcXlldWy9tbLZMlGgumjxSkb72mRFKhqIJEpS4jrVgga/ElT88zf2rkdBGRuEljGPhBqwfyp7kDKzklbZHXkpuMnyERx7BHR6ZtAMDASzzSmVSIYRQSnFO6EGdWHJ42KjSBqa5ZVFGU5x7pbdON+JJIELgihnTpiQGN2UaJFciK3YSI2LGh6wv2paGLBDGTT9fyPCeVbq4F2lbIeBP9ftEygJjxoFvOwMGA/Pby8W/vHYCvYabyjBOQIR8sqiXKAwRzvPAXakFBzW2hHEt7a2YD5hmHGxqRRvC16f4f9KqVmi9UruolY9PpnEsoh20i/YRRQfoGJ2hc9REHN2ie/SInpw758F5dl4mrQVnOrOFfsB5/QCxk5cG</latexit>

v0x = v0 cos ✓
<latexit sha1_base64="ArodX2YfwfE4KTu4R6Mqt07Qc9Y=">AAACAnicdVBNSwMxEM36WevXqifxEiyCp5KUou1BKHrxWMGq0JYlm6Y2NJtdktlCWYoX/4oXD4p49Vd489+Y1Qoq+mDg8d4MM/PCREkLhLx5M7Nz8wuLhaXi8srq2rq/sXlh49Rw0eKxis1VyKxQUosWSFDiKjGCRaESl+HwJPcvR8JYGetzGCeiG7FrLfuSM3BS4G+PgoyMJ/gIjwKCO1bqrAMDAWwS+CVSJoRQSnFO6OEBcaRer1VoDdPcciihKZqB/9rpxTyNhAaumLVtShLoZsyA5EpMip3UioTxIbsWbUc1i4TtZh8vTPCeU3q4HxtXGvCH+n0iY5G14yh0nRGDgf3t5eJfXjuFfq2bSZ2kIDT/XNRPFYYY53ngnjSCgxo7wriR7lbMB8wwDi61ogvh61P8P7molOlBuXpWLTWOp3EU0A7aRfuIokPUQKeoiVqIoxt0hx7Qo3fr3XtP3vNn64w3ndlCP+C9vAO7AZcM</latexit>

v0y = v0 sin ✓

ax = 0
ay = -9.81 m/s2

a)
<latexit sha1_base64="NVXot3dpHihF9bTHUNbeEj8UP8I="></latexit>

v2y = v20y + 2a(y � y0) vy = 0
<latexit sha1_base64="pThtgyXWJqOaXyc3wYlhgXVFGcM=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KslQ+lgIRTcuK9haaKclk2ba0MyDJFMZhv6HGxeKuPVf3Pk3ZtoKKnrgwuGce7n3HjcSXGmEPqzc2vrG5lZ+u7Czu7d/UDw86qgwlpS1aShC2XWJYoIHrK25FqwbSUZ8V7A7d3qV+XczJhUPg1udRMzxyTjgHqdEG2kwG6YomQ9seAHtcTIsllAZIYQxhhnBtSoypNGo27gOcWYZlMAKrWHxvT8KaeyzQFNBlOphFGknJVJzKti80I8ViwidkjHrGRoQnyknXVw9h2dGGUEvlKYCDRfq94mU+Eolvms6faIn6reXiX95vVh7dSflQRRrFtDlIi8WUIcwiwCOuGRUi8QQQiU3t0I6IZJQbYIqmBC+PoX/k45dxtVy5aZSal6u4siDE3AKzgEGNdAE16AF2oACCR7AE3i27q1H68V6XbbmrNXMMfgB6+0TcwmR2g==</latexit>

v20y = 2gy
<latexit sha1_base64="yLH46ZsqFUiRuGvKq6ExT1VHN4M=">AAACAHicdVDLSgMxFM34rPU16sKFm2ARXJWklD4WQtGNywr2Ae1YMmnahmYeJJnCMMzGX3HjQhG3foY7/8ZMW0FFDwQO55zLzT1uKLjSCH1YK6tr6xubua389s7u3r59cNhWQSQpa9FABLLrEsUE91lLcy1YN5SMeK5gHXd6lfmdGZOKB/6tjkPmeGTs8xGnRBtpYB/H8AIms0GC4vSuBPuBCcPSOB3YBVRECGGMYUZwtYIMqddrJVyDOLMMCmCJ5sB+7w8DGnnM11QQpXoYhdpJiNScCpbm+5FiIaFTMmY9Q33iMeUk8wNSeGaUIRwF0jxfw7n6fSIhnlKx55qkR/RE/fYy8S+vF+lRzUm4H0aa+XSxaBQJqAOYtQGHXDKqRWwIoZKbv0I6IZJQbTrLmxK+LoX/k3apiCvF8k250Lhc1pEDJ+AUnAMMqqABrkETtAAFKXgAT+DZurcerRfrdRFdsZYzR+AHrLdPc3eVtQ==</latexit>

y =
v20y
2g

<latexit sha1_base64="I4RgMf3YEw9P72UoWo9jcKUiecI="></latexit>

=
(67.6m/s)2

2(9.8m/s2)
= 233m

<latexit sha1_base64="y09ChuPenPT710kY+4+L03I/AwY=">AAACBnicdVDLSgMxFM3UV62vqksRgkWomzoptdMuCkU3LivYB7RDyaRpDc1khiQjlKErN/6KGxeKuPUb3Pk3ZtoKKnrgwuGce7n3Hi/kTGnb/rBSS8srq2vp9czG5tb2TnZ3r6WCSBLaJAEPZMfDinImaFMzzWknlBT7Hqdtb3yR+O1bKhULxLWehNT18UiwISNYG6mfPazBvGMXbOifqpOeYsI5gzVYdgrlROlnc8azbYQQTAhyyrYh1WqliCoQJZZBDizQ6Gffe4OARD4VmnCsVBfZoXZjLDUjnE4zvUjREJMxHtGuoQL7VLnx7I0pPDbKAA4DaUpoOFO/T8TYV2rie6bTx/pG/fYS8S+vG+lhxY2ZCCNNBZkvGkYc6gAmmcABk5RoPjEEE8nMrZDcYImJNsllTAhfn8L/SatYQOVC6aqUq58v4kiDA3AE8gABB9TBJWiAJiDgDjyAJ/Bs3VuP1ov1Om9NWYuZffAD1tsnTWWVPQ==</latexit>

= (70.0m/s) sin 75 = 67.6m/s

<latexit sha1_base64="MT9DXJdmmwoOrfXhKAnUzak7w1U=">AAACB3icdVDLSgMxFM3UV62vUZeCBItQN3VSame6KBTduKxgH9CWkkkzNTTzIMkIZejOjb/ixoUibv0Fd/6NmbaCih64cDjnXu69x404k8qyPozM0vLK6lp2PbexubW9Y+7utWQYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV+kfvuWCsnC4FpNItr38ShgHiNYaWlgHtZgwbaKFvRP5UmPhBLaZ7AGkVNEqTQw89q0LIQQTAmyK5Ym1apTQg5EqaWRBws0BuZ7bxiS2KeBIhxL2UVWpPoJFooRTqe5XixphMkYj2hX0wD7VPaT2R9TeKyVIfRCoStQcKZ+n0iwL+XEd3Wnj9WN/O2l4l9eN1ae009YEMWKBmS+yIs5VCFMQ4FDJihRfKIJJoLpWyG5wQITpaPL6RC+PoX/k1apiCrF8lU5Xz9fxJEFB+AIFAACNqiDS9AATUDAHXgAT+DZuDcejRfjdd6aMRYz++AHjLdPkz+VWQ==</latexit>

= (70.0m/s) cos 75 = 18.1m/s



EXAMPLE 3.4
• During a fireworks display, a shell is shot into the air with an initial speed of 70.0 m/s at an 

angle of 75.0º above the horizontal, as illustrated in the Figure. The fuse is timed to ignite 
the shell just as it reaches its highest point above the ground. (a) Calculate the height at 
which the shell explodes. (b) How much time passed between the launch of the shell and 
the explosion? (c) What is the horizontal displacement of the shell when it explodes?

v0 = 70.0 m/s
θ = 75

y = ?
t = ?
x = ?

<latexit sha1_base64="loLyHXTwHhO7JkaNBD1H8DWIX9M=">AAACAnicdVBNSwMxEM3W7/pV9SRegkXwVJJSaj0IohePCrYK7bJk07QNzX6QzBbLsnjxr3jxoIhXf4U3/41ZW0FFHww83pthZp4fK2mAkHenMDM7N7+wuFRcXlldWy9tbLZMlGgumjxSkb72mRFKhqIJEpS4jrVgga/ElT88zf2rkdBGRuEljGPhBqwfyp7kDKzklbZHXkpuMnyERx7BHR6ZtAMDASzzSmVSIYRQSnFO6EGdWHJ42KjSBqa5ZVFGU5x7pbdON+JJIELgihnTpiQGN2UaJFciK3YSI2LGh6wv2paGLBDGTT9fyPCeVbq4F2lbIeBP9ftEygJjxoFvOwMGA/Pby8W/vHYCvYabyjBOQIR8sqiXKAwRzvPAXakFBzW2hHEt7a2YD5hmHGxqRRvC16f4f9KqVmi9UruolY9PpnEsoh20i/YRRQfoGJ2hc9REHN2ie/SInpw758F5dl4mrQVnOrOFfsB5/QCxk5cG</latexit>

v0x = v0 cos ✓
<latexit sha1_base64="ArodX2YfwfE4KTu4R6Mqt07Qc9Y=">AAACAnicdVBNSwMxEM36WevXqifxEiyCp5KUou1BKHrxWMGq0JYlm6Y2NJtdktlCWYoX/4oXD4p49Vd489+Y1Qoq+mDg8d4MM/PCREkLhLx5M7Nz8wuLhaXi8srq2rq/sXlh49Rw0eKxis1VyKxQUosWSFDiKjGCRaESl+HwJPcvR8JYGetzGCeiG7FrLfuSM3BS4G+PgoyMJ/gIjwKCO1bqrAMDAWwS+CVSJoRQSnFO6OEBcaRer1VoDdPcciihKZqB/9rpxTyNhAaumLVtShLoZsyA5EpMip3UioTxIbsWbUc1i4TtZh8vTPCeU3q4HxtXGvCH+n0iY5G14yh0nRGDgf3t5eJfXjuFfq2bSZ2kIDT/XNRPFYYY53ngnjSCgxo7wriR7lbMB8wwDi61ogvh61P8P7molOlBuXpWLTWOp3EU0A7aRfuIokPUQKeoiVqIoxt0hx7Qo3fr3XtP3vNn64w3ndlCP+C9vAO7AZcM</latexit>

v0y = v0 sin ✓

ax = 0
ay = -9.81 m/s2

b)

<latexit sha1_base64="y09ChuPenPT710kY+4+L03I/AwY=">AAACBnicdVDLSgMxFM3UV62vqksRgkWomzoptdMuCkU3LivYB7RDyaRpDc1khiQjlKErN/6KGxeKuPUb3Pk3ZtoKKnrgwuGce7n3Hi/kTGnb/rBSS8srq2vp9czG5tb2TnZ3r6WCSBLaJAEPZMfDinImaFMzzWknlBT7Hqdtb3yR+O1bKhULxLWehNT18UiwISNYG6mfPazBvGMXbOifqpOeYsI5gzVYdgrlROlnc8azbYQQTAhyyrYh1WqliCoQJZZBDizQ6Gffe4OARD4VmnCsVBfZoXZjLDUjnE4zvUjREJMxHtGuoQL7VLnx7I0pPDbKAA4DaUpoOFO/T8TYV2rie6bTx/pG/fYS8S+vG+lhxY2ZCCNNBZkvGkYc6gAmmcABk5RoPjEEE8nMrZDcYImJNsllTAhfn8L/SatYQOVC6aqUq58v4kiDA3AE8gABB9TBJWiAJiDgDjyAJ/Bs3VuP1ov1Om9NWYuZffAD1tsnTWWVPQ==</latexit>

= (70.0m/s) sin 75 = 67.6m/s

<latexit sha1_base64="MT9DXJdmmwoOrfXhKAnUzak7w1U=">AAACB3icdVDLSgMxFM3UV62vUZeCBItQN3VSame6KBTduKxgH9CWkkkzNTTzIMkIZejOjb/ixoUibv0Fd/6NmbaCih64cDjnXu69x404k8qyPozM0vLK6lp2PbexubW9Y+7utWQYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV+kfvuWCsnC4FpNItr38ShgHiNYaWlgHtZgwbaKFvRP5UmPhBLaZ7AGkVNEqTQw89q0LIQQTAmyK5Ym1apTQg5EqaWRBws0BuZ7bxiS2KeBIhxL2UVWpPoJFooRTqe5XixphMkYj2hX0wD7VPaT2R9TeKyVIfRCoStQcKZ+n0iwL+XEd3Wnj9WN/O2l4l9eN1ae009YEMWKBmS+yIs5VCFMQ4FDJihRfKIJJoLpWyG5wQITpaPL6RC+PoX/k1apiCrF8lU5Xz9fxJEFB+AIFAACNqiDS9AATUDAHXgAT+DZuDcejRfjdd6aMRYz++AHjLdPkz+VWQ==</latexit>

= (70.0m/s) cos 75 = 18.1m/s

<latexit sha1_base64="qKanTi+qEpuIOXFsVK+ifoX5KH0=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIsgCCUppY+FUHTjsoJthXYYMmnahmYeJJniMPRX3LhQxK0/4s6/MdNWUNEDFw7n3Mu993iR4Eoj9GHl1tY3Nrfy24Wd3b39A/uw2FVhLCnr0FCE8s4jigkesI7mWrC7SDLie4L1vOlV5vdmTCoeBrc6iZjjk3HAR5wSbSTXLs7cBF7AmZuiZA7PIdHQtUuojBDCGMOM4HoNGdJsNiq4AXFmGZTACm3Xfh8MQxr7LNBUEKX6GEXaSYnUnAo2LwxixSJCp2TM+oYGxGfKSRe3z+GpUYZwFEpTgYYL9ftESnylEt8znT7RE/Xby8S/vH6sRw0n5UEUaxbQ5aJRLKAOYRYEHHLJqBaJIYRKbm6FdEIkodrEVTAhfH0K/yfdShnXytWbaql1uYojD47BCTgDGNRBC1yDNugACu7BA3gCz9bcerRerNdla85azRyBH7DePgEoK5M/</latexit>

vy = v0y + at vy = 0
<latexit sha1_base64="KpWe5Nfpnv4f5hI8e3MdQfaaRAk=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXJSmlj4VQdOOygn1AO5RMmmlDM5kxyRSGod/hxoUibv0Yd/6NmbaCih64cDjnXu69x4sE1wahD2dtfWNzazu3k9/d2z84LBwdd3QYK8raNBSh6nlEM8ElaxtuBOtFipHAE6zrTa8zvztjSvNQ3pkkYm5AxpL7nBJjJRfOhilK5vASjg0cFoqohBDCGMOM4FoVWdJo1Mu4DnFmWRTBCq1h4X0wCmkcMGmoIFr3MYqMmxJlOBVsnh/EmkWETsmY9S2VJGDaTRdHz+G5VUbQD5UtaeBC/T6RkkDrJPBsZ0DMRP/2MvEvrx8bv+6mXEaxYZIuF/mxgCaEWQJwxBWjRiSWEKq4vRXSCVGEGptT3obw9Sn8n3TKJVwtVW4rxebVKo4cOAVn4AJgUANNcANaoA0ouAcP4Ak8OzPn0XlxXpeta85q5gT8gPP2CXqvkUk=</latexit>

v0y = gt
<latexit sha1_base64="RIzJBJQWkvw1YStriPaNMMgkPp0=">AAAB/nicdVDLSgMxFM3UV62vqrhyEyyCq5KU0sdCKLpxWcE+oC1DJs20oZnJkGQKZSj4K25cKOLW73Dn35hpK6jogcDhnHO5N8eLBNcGoQ8ns7a+sbmV3c7t7O7tH+QPj9paxoqyFpVCqq5HNBM8ZC3DjWDdSDESeIJ1vMl16nemTGkuwzszi9ggIKOQ+5wSYyU3fwINvITJ1E3QbN6XNgpHc+jmC6iIEMIYw5TgagVZUq/XSrgGcWpZFMAKTTf/3h9KGgcsNFQQrXsYRWaQEGU4FWye68eaRYROyIj1LA1JwPQgWZw/h+dWGUJfKvtCAxfq94mEBFrPAs8mA2LG+reXin95vdj4tUHCwyg2LKTLRX4soJEw7QIOuWLUiJklhCpub4V0TBShxjaWsyV8/RT+T9qlIq4Uy7flQuNqVUcWnIIzcAEwqIIGuAFN0AIUJOABPIFn5955dF6c12U046xmjsEPOG+fG8KU+g==</latexit>

t =
v0y
g

<latexit sha1_base64="RDuQ+Glb0zG2H0LvjUAfcP4uScg="></latexit>

=
67.6m/s

9.81m/s2
= 6.90s

c)
<latexit sha1_base64="Bb4fBQWrVYAo7ynIiEBZQ5i4Y7M=">AAAB/HicdVDLSgMxFM3UV62vapdugkUQhJKU0sdCKLpxWcHaQjsMmTTThmYeJJnSMtRfceNCEbd+iDv/xkxbQUUPXDiccy/33uNGgiuN0IeVWVvf2NzKbud2dvf2D/KHR3cqjCVlbRqKUHZdopjgAWtrrgXrRpIR3xWs446vUr8zYVLxMLjVs4jZPhkG3OOUaCM5+cIUXsCpg+A5nDgJms6hhk6+iEoIIYwxTAmuVZEhjUa9jOsQp5ZBEazQcvLv/UFIY58FmgqiVA+jSNsJkZpTwea5fqxYROiYDFnP0ID4TNnJ4vg5PDXKAHqhNBVouFC/TyTEV2rmu6bTJ3qkfnup+JfXi7VXtxMeRLFmAV0u8mIBdQjTJOCAS0a1mBlCqOTmVkhHRBKqTV45E8LXp/B/clcu4WqpclMpNi9XcWTBMTgBZwCDGmiCa9ACbUDBDDyAJ/Bs3VuP1ov1umzNWKuZAvgB6+0TMNOTOA==</latexit>

x = x0 + v0xt
<latexit sha1_base64="44fw+rOtoRmDcscZLEZ9zzweYB4=">AAACBXicdVBNSwMxEM3Wr1q/qh71MFiEelmTorU9FIpePCpYFdpSsmlaQ5PdJckKpfTixb/ixYMiXv0P3vw3ZrWCij4YeLw3w8y8IJbCWIzfvMzU9MzsXHY+t7C4tLySX107N1GiGW+wSEb6MqCGSxHyhhVW8stYc6oCyS+CwVHqX1xzbUQUntlhzNuK9kPRE4xaJ3XymzUAUvEJqF0DxbJfxWB2oAaktA+qky9gH2NMCIGUkIMydqRarZRIBUhqORTQBCed/GurG7FE8dAySY1pEhzb9ohqK5jk41wrMTymbED7vOloSBU37dHHF2PYdkoXepF2FVr4UL9PjKgyZqgC16movTK/vVT8y2smtldpj0QYJ5aH7HNRL5FgI0gjga7QnFk5dIQyLdytwK6opsy64HIuhK9P4X9yXvJJ2d873SvUDydxZNEG2kJFRNABqqNjdIIaiKEbdIce0KN36917T97zZ2vGm8ysox/wXt4BIPCT6Q==</latexit>

= 18.1m/s(6.90s) = 125m



EXAMPLE 3.5
Calculating Projectile Motion: Hot Rock Projectile
Kilauea in Hawaii is the world’s most continuously active volcano.  Very active volcanoes 
characteristically eject red-hot rocks and lava rather than smoke and ash. Suppose a large rock is 
ejected from the volcano with a speed of 25.0 m/s and at an angle 35.0º above the horizontal, as 
shown in the Figure.  The rock strikes the side of the volcano at an altitude 20.0 m lower than its 
starting point. (a) Calculate the time it takes the rock to follow this path. (b) What are the 
magnitude and direction of the rock’s velocity at impact?

v0 = 25.0 m/s
θ = 35
y = -20.0 m

ay = -g = -9.81 m/s2

<latexit sha1_base64="45799Syed8pvv6J0auXHxCuGA6k="></latexit>

y = y0 + v0yt+
1

2
at2

v0y = v0 sinθ = 14.3 m/s

<latexit sha1_base64="q0Tk3cCVBsndz/z+3oYTOpDv3RE="></latexit>

(4.9m/s2)t2 � (14.3m/s)t� 20.0m = 0

<latexit sha1_base64="32L/oW919S2Y6L4ZM2/6x/sF99I=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GpJa+lgIRTcuK9gHtEPJpJk2NJMZkoxQhn6EGxeKuPV73Pk3ZtoKKnrgwuGce7n3Hj8WXBuEPpzc2vrG5lZ+u7Czu7d/UDw86ugoUZS1aSQi1fOJZoJL1jbcCNaLFSOhL1jXn15nfveeKc0jeWdmMfNCMpY84JQYK3Uv4YXbqOphsYRchBDGGGYE16rIkkajXsZ1iDPLogRWaA2L74NRRJOQSUMF0bqPUWy8lCjDqWDzwiDRLCZ0Ssasb6kkIdNeujh3Ds+sMoJBpGxJAxfq94mUhFrPQt92hsRM9G8vE//y+okJ6l7KZZwYJulyUZAIaCKY/Q5HXDFqxMwSQhW3t0I6IYpQYxMq2BC+PoX/k07ZxVW3clspNa9WceTBCTgF5wCDGmiCG9ACbUDBFDyAJ/DsxM6j8+K8LltzzmrmGPyA8/YJ2GyOnw==</latexit>

= 3.96s

<latexit sha1_base64="FjRcSAefstHaaep5vzycxYU+TqI="></latexit>

t =
�b±

p
b2 � 4ac

2a

<latexit sha1_base64="m0rizWMCDz8K65j79wQnP7Kb6zY=">AAAB+XicdVBNSwMxEM3Wr1q/Vj16CRZBEEpSirYHoejFYwWrQl1LNk01NJtdktlCWfpPvHhQxKv/xJv/xmxbQUUfDDzem2FmXpgoaYGQD68wN7+wuFRcLq2srq1v+JtblzZODRdtHqvYXIfMCiW1aIMEJa4TI1gUKnEVDk5z/2oojJWxvoBRIoKI3WnZl5yBk7q+z+C2ig9wCPiA42NMun6ZVAghlFKcE3p0SBxpNOpVWsc0txzKaIZW13+/6cU8jYQGrpi1HUoSCDJmQHIlxqWb1IqE8QG7Ex1HNYuEDbLJ5WO855Qe7sfGlQY8Ub9PZCyydhSFrjNicG9/e7n4l9dJoV8PMqmTFITm00X9VGGIcR4D7kkjOKiRI4wb6W7F/J4ZxsGFVXIhfH2K/yeX1Qo9rNTOa+XmySyOItpBu2gfUXSEmugMtVAbcTRED+gJPXuZ9+i9eK/T1oI3m9lGP+C9fQJV9pGL</latexit>

at2 + bt+ c = 0



EXAMPLE 3.5
Calculating Projectile Motion: Hot Rock Projectile
Kilauea in Hawaii is the world’s most continuously active volcano.  Very active volcanoes 
characteristically eject red-hot rocks and lava rather than smoke and ash. Suppose a large rock is 
ejected from the volcano with a speed of 25.0 m/s and at an angle 35.0º above the horizontal, as 
shown in the Figure.  The rock strikes the side of the volcano at an altitude 20.0 m lower than its 
starting point. (a) Calculate the time it takes the rock to follow this path. (b) What are the 
magnitude and direction of the rock’s velocity at impact?

v0 = 25.0 m/s
θ = 35
y = -20.0 m

ay = -g = -9.81 m/s2

v0y = v0 sinθ = 14.3 m/s

t = 3.96s
v0x = v0 cosθ = 20.5 m/s

<latexit sha1_base64="URppYZWaJ9cu4uknDm+Bm2o/hR0=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIsgCCUppY+FUHTjsoJthXYYMmnahmYeJJniMPRX3LhQxK0/4s6/MdNWUNEDFw7n3Mu993iR4Eoj9GHl1tY3Nrfy24Wd3b39A/uw2FVhLCnr0FCE8s4jigkesI7mWrC7SDLie4L1vOlV5vdmTCoeBrc6iZjjk3HAR5wSbSTXLs7cBF7AmZuiZA7PIYHatUuojBDCGMOM4HoNGdJsNiq4AXFmGZTACm3Xfh8MQxr7LNBUEKX6GEXaSYnUnAo2LwxixSJCp2TM+oYGxGfKSRe3z+GpUYZwFEpTgYYL9ftESnylEt8znT7RE/Xby8S/vH6sRw0n5UEUaxbQ5aJRLKAOYRYEHHLJqBaJIYRKbm6FdEIkodrEVTAhfH0K/yfdShnXytWbaql1uYojD47BCTgDGNRBC1yDNugACu7BA3gCz9bcerRerNdla85azRyBH7DePgEn15M/</latexit>

vy = v0y + at
<latexit sha1_base64="z6gO82QHNn7Io/0l6YPKLEyPZXs="></latexit>

vy = 14.3m/s� 9.8m/s2(3.96s) = �24.5m/s
<latexit sha1_base64="6PwWIMbPeN4VADJbyyk23hyNFRs=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIglAmpfSxEIpuXFawD2inQyZN29DMwyQzWIa68VfcuFDErX/hzr8x01ZQ0QMXDufcy733OAFnUpnmh5FaWl5ZXUuvZzY2t7Z3srt7TemHgtAG8bkv2g6WlDOPNhRTnLYDQbHrcNpyxheJ34qokMz3rtUkoJaLhx4bMIKVluzsQQTPYFfeCBVH9m2vAE9hZE96hamdzZl50zQRQjAhqFwyNalWKwVUgSixNHJggbqdfe/2fRK61FOEYyk7yAyUFWOhGOF0mumGkgaYjPGQdjT1sEulFc8+mMJjrfThwBe6PAVn6veJGLtSTlxHd7pYjeRvLxH/8jqhGlSsmHlBqKhH5osGIYfKh0kcsM8EJYpPNMFEMH0rJCMsMFE6tIwO4etT+D9pFvKolC9eFXO180UcaXAIjsAJQKAMauAS1EEDEHAHHsATeDbujUfjxXidt6aMxcw++AHj7RMd3pYR</latexit>

v =
q
v2x + v2y

<latexit sha1_base64="maAp0dpuKsa8nV+wiBgyAcmS3HA="></latexit>

=
p

(14.3m/s)2 + (�24.5m/s)2 = 31.9m/s

<latexit sha1_base64="ju/zNOYZnZnKBjqPTPSvTDVyZKw="></latexit>

� = tan�1 Vy

Vx
<latexit sha1_base64="UOw3yV9StfWlpDSs4nxRM8Sab0Q="></latexit>

= tan�1
��24.5m/s

20.5m/s

�
= �50.1�



The Blues Brothers

This is the 95th St. Bridge in Chicago which we can look up and find has a length of 104.5m



Then the angle is cos-1(36.25/51.25) = 45˚.  We then have

32m

104.5m

36.25m
51.

25m

x = 32m

y = 0

vx0 = v0 cos (45)

vy0 = v0 sin (45)

ax = 0

ay = g = �9.81m/s2

y = vy0t+
1

2
ayt

2 = 0 => vy0 = �1

2
ayt => v0 = �1

2

ay
sin(45)

t

x = vx0t => t =
x

vx0
=

x

v0 cos(45)
=> v0 = �1

2

ay
sin(45)

x

v0 cos(45)

=> v20 = �1

2

�9.81m/s2

sin(45)

32m

cos(45) = 314m2/s2 => v0 = 17.7m/s

or 40mph 



2 Fast 2 Furious 



ADDING  VELOCITIES

• Velocities and accelerations are also vectors and therefore must be 
added by components.

• This is most common with velocities where you have something 
moving which is on something else that is moving.

• For example the velocity of a person walking on a train which is also 
moving or a boat that is moving in water which itself is moving.



EXAMPLE 3.6
• Adding Velocities: A Boat on a River. Refer to the Figure, which shows a boat trying 

to go straight across the river. Let us calculate the magnitude and direction of the boat’s 
velocity relative to an observer on the shore, 𝐯tot,  The velocity of the boat, 𝐯boat is 0.75 m/s in 

the y-direction relative to the river and the velocity of the river, 𝐯river is 1.20 m/s to the right.

vboat = 0.75 m/s = vy
vriver = 1.20 = vx

<latexit sha1_base64="yF2F3zCnceLWz41CQW5x/6Cw3og="></latexit>

vtot =
q

v2boat + v2river
<latexit sha1_base64="Kpf6/FQTlYKYWDiit8vZcvm0VcM="></latexit>

=
p

(0.75m/s)2 + (1.20m/s)2 = 1.42m/s

<latexit sha1_base64="dHEzUbA7jzdqlJrI4pAASESWDhU="></latexit>

✓ = tan�1 vy
vx

<latexit sha1_base64="L/ko0egWNKJPSN4W7oFyajdNA5A="></latexit>

= tan�1 0.75

1.20
= 32.0�



HOME WORK

• Chap 3 - 16, 20, 27, 46, 53, 57


