
KINEMATICS
Chapter 2





How fast is the imperial cruiser traveling?

It takes about 20s for the imperial cruiser to enter the screen. 

You can find online that the length of the cruiser is 1600m.

So the speed of the cruiser is 1600m/20s = 80m/s.

80m/s × 1km/1000m × 3600s/1hr = 288 km/hr

179 mph



DISPLACEMENT
Kinematics is the study of motion. To start we will only consider motion in one 
dimension.  Soon we will add a second dimension.


In one dimension we can describe the position of our object on some coordinate x.  If 
an object starts initially at some point x0 and ends up finally at xf, we say the 
displacement Δx is given by


We will use the Δ symbol to denote a change in some quantity.  Displacement has a 
direction as well as a magnitude. +2m is usually to the right while -2m is to the left.

<latexit sha1_base64="8S8x0X1zlU3iZS9K/KUVySSp/N4=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRbBjSUppY+FUNSFywr2Ae0wZNJMG5p5kGSktRR/xY0LRdz6H+78GzNtBRU9cC+Hc+4lN8eNBFcaoQ8rtbS8srqWXs9sbG5t72R395oqjCVlDRqKULZdopjgAWtorgVrR5IR3xWs5Q4vEr91y6TiYXCjxxGzfdIPuMcp0UZysgfdSyY0gSN4BkeOB09NR042h/IIIYwxTAgul5Ah1WqlgCsQJ5ZBDixQd7Lv3V5IY58FmgqiVAejSNsTIjWngk0z3VixiNAh6bOOoQHxmbIns+un8NgoPeiF0lSg4Uz9vjEhvlJj3zWTPtED9dtLxL+8Tqy9ij3hQRRrFtD5Q14soA5hEgXsccmoFmNDCJXc3ArpgEhCtQksY0L4+in8nzQLeVzKF6+Ludr5Io40OARH4ARgUAY1cAXqoAEouAMP4Ak8W/fWo/Vivc5HU9ZiZx/8gPX2CR7Pk74=</latexit>

�x = xf � x0



VELOCITY
• The velocity of an object is its displacement divided by the time it takes to move from one 

point to the other. If we measure the time at each location this will be a change in time,


• The average velocity is therefore


• If Δt is very small we call this the instantaneous velocity. Formally it has to be infinitely small, 
but that is calculus. Very small is usually the same.
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�t = tf � t0

<latexit sha1_base64="K0fIUe5vAVuvIn9bl1qGos+2m48="></latexit>

v =
�x

�t
=

xf � x0

tf � t0



COORDINATE SYSTEMS
• When we talk about displacement and time we will have to make a choice 

about where 0 is and for displacement which way the x is pointing.  


• Often there are obvious choices, but sometimes people will make different 
choices.  This is okay, as long as one stays consistent your answer will be the 
same no matter what you choose.


• However, the numbers people use before their final answer can be different. 
If you are comparing with someone who has different numbers check where 
you assumed to be x=0 and t=0, and the direction of x, these are your 
coordinate system.



RUSH (2013)

What’s different about the motion in this clip than the first one?



The car goes from 30 to 65 in about 1 second. 

Likely it is a European car so we can assume the speedometer is in kilometers per hour.

So thats a change in velocity of 35 km/hr or 

35 km/hr × 1000m/km × 1hr/3600s =  9.72m/s

So that’s an acceleration of 9.72m/s / 1s = 9.72 m/s2.



ACCELERATION

• The rate at which velocity changes is called acceleration. 


• Note that the times refer to when you measure the instantaneous velocities. 
The times used to measure those velocities should be very close together.


• Like velocity, there is average and instantaneous acceleration. Ideally for 
instantaneous acceleration Δt is infinitely small.

<latexit sha1_base64="y7JgiO8fW121YCO8DTnE3SxNRQo="></latexit>

a =
�v

�t
=

vf � v0
tf � t0



EXAMPLE 2.1
• A racehorse coming out of the gate accelerates from rest to a velocity of 15.0 

m/s due west in 1.80 s. What is its average acceleration?


• First we have to decide where are coordinate go. Usually we draw x to the right 
and west to the left, so this would be in the negative x direction.  We can take 
the start of the race as t=0.  Then

EW
0

v0 = 0

vf = -15.0 m/s

Δt = 1.8s

<latexit sha1_base64="y7JgiO8fW121YCO8DTnE3SxNRQo="></latexit>

a =
�v

�t
=

vf � v0
tf � t0

<latexit sha1_base64="oMli2sPQpW4KqgzpOJJhrWNZrow="></latexit>

=
�15.0m/s

1.8 s
= �8.33m/s2



Deceleration always refers to acceleration in the direction 
opposite to the direction of the velocity.  Deceleration 
always reduces speed. Negative acceleration, however, is 
acceleration in the negative direction in the chosen 
coordinate system. Negative acceleration may or may not 
be deceleration, and deceleration may or may not be 
considered negative acceleration. For example, consider the 
figure,

a) acceleration, positive direction
b) deceleration, negative direction
c) deceleration, positive direction
d) acceleration, negative direction

https://phet.colorado.edu/en/simulations/moving-man

https://phet.colorado.edu/en/simulations/moving-man


CONSTANT ACCELERATION

• Why in principle we can also calculate the rate of change of 
acceleration and the rate of change of that, we usually stop with 
acceleration. 


• One reason for that is because in many situations acceleration is 
constant, so its rate of change is zero. In these cases we write down 
equations of motion for our object. 



CONSTANT ACCELERATION
if acceleration is constant then 
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a =
�v

�t
implies
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�v = a�t

if we simplify by starting time at 0 so Δt = t we have 
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v(t) = v0 + at

in addition for constant acceleration we know 
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v̄ =
v(t) + v0

2



CONSTANT ACCELERATION
likewise from our definition of velocity we know 

<latexit sha1_base64="ll70tEergUQvZqihfpdML9CKFQM="></latexit>

v̄ =
�x

�t
! x(t)� x0 = v̄t ! x(t) = x0 + v̄taverage velocity

we can rewrite the average velocity as 

so the position can be written as 
<latexit sha1_base64="sxgo1YPvjjRj5xq9TGdqAQ1aBMY="></latexit>

x(t) = x0 + v0t+
1

2
at2

<latexit sha1_base64="lulS5XNW7477wqIpfhbcu4aqi2Q="></latexit>

v̄ =
v(t) + v0

2
= v0 +

1

2
at



CONSTANT ACCELERATION
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v(t) = v0 + at

<latexit sha1_base64="sxgo1YPvjjRj5xq9TGdqAQ1aBMY="></latexit>

x(t) = x0 + v0t+
1

2
at2

<latexit sha1_base64="u2SlxTiCHKsbiMlwADG7vTsXt8Q="></latexit>

v2(t) = v20 + 2a(x� x0)
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v̄ =
v(t) + v0

2

replacing t and some algebra gives

We get 4 formula



EXAMPLE 2.9
• An airplane lands with an initial velocity of 70.0 m/s and then 

decelerates at 1.50 m/s2 for 40.0 s.  What is its final velocity?

v0 = 70.0 m/s

a = -1.50 m/s2

t = 40.0 s x0

<latexit sha1_base64="a6KAiPMuH1rikmvX9svJLK6pe6k=">AAAB9HicdVDLSgMxFM3UV62vqks3wSIIQklK6WMhFN24rGAf0A4lk6ZtaCYzJpmBMvQ73LhQxK0f486/MdNWUNEDFw7n3Mu993ih4Nog9OFk1tY3Nrey27md3b39g/zhUVsHkaKsRQMRqK5HNBNcspbhRrBuqBjxPcE63vQ69TsxU5oH8s7MQub6ZCz5iFNirOTG8BLGAwQvIIFmkC+gIkIIYwxTgqsVZEm9XivhGsSpZVEAKzQH+ff+MKCRz6Shgmjdwyg0bkKU4VSwea4faRYSOiVj1rNUEp9pN1kcPYdnVhnCUaBsSQMX6veJhPhaz3zPdvrETPRvLxX/8nqRGdXchMswMkzS5aJRJKAJYJoAHHLFqBEzSwhV3N4K6YQoQo3NKWdD+PoU/k/apSKuFMu35ULjahVHFpyAU3AOMKiCBrgBTdACFNyDB/AEnp3YeXRenNdla8ZZzRyDH3DePgFhm5CT</latexit>

v = v0 + at
<latexit sha1_base64="aUtMnThFw8AGEdm33+w0i1h94T4="></latexit>

= 70.0m/s+ (�1.50m/s2)(40s) = 10.0m/s



EXAMPLE 2.10
• Dragsters can achieve average accelerations of 26.0 m/s2. Suppose 

such a dragster accelerates from rest at this rate for 5.56 s. How far 
does it travel in this time?

a = 26.0 m/s2

t = 5.56s
x = ?
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x = x0 + v0t+
1

2
at2
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x =
1

2
at2

<latexit sha1_base64="d2NF86N2RXELDeinzQmPncqfbC4="></latexit>

= 0.5(26.0m/s2)(5.56s)2 = 402m



EXAMPLE 2.11
• Calculate the final velocity of the dragster in Example 2.10 without 

using information about time.

a = 26.0 m/s2

x = 402m
v = ?
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v2 = v20 + 2a(x� x0)
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v =
p
2a(x� x0)

<latexit sha1_base64="UIWEvRu4fKmpAw7ifAto0leZ8tM="></latexit>

=
p
2(26.0m/s2)(402m) = 145m/s



SOLVING PROBLEMS
• Draw a Picture


• List what you are given.


• Determine what you are supposed to find.


• Think about the physics that describe the situation


• Find any relevant equations.


• Solve for your unknown.


• Plug in the numbers.


• Estimate the answer and check the units.



FREE FALL
• One of the most common examples of constant acceleration is free fall.


• Galileo discovered this with his famous experiment dropping two different mass 
objects from a height.


• He observed they reached the ground at the same time, thus they must be 
accelerating at the same rate.


• On the surface of the Earth this constant is given the symbol g and is equal to 
9.81 m/s2.





EXAMPLE 2.14
• A person standing on the edge of a high cliff throws a rock straight 

up with an initial velocity of 13.0 m/s. The rock misses the edge of 
the cliff as it falls back to earth. Calculate the position and velocity of 
the rock 1.00 s, 2.00 s, and 3.00 s after it is thrown, neglecting the 
effects of air resistance.

v0 = 13.0 m/s
a =  -g = 9.81 m/s2

t = 1,2,3 s
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y = y0 + v0t+
1

2
at2

<latexit sha1_base64="PlLGz4+/NuKNA0o5jgZDJhEZWGc=">AAACBHicdVDLSgNBEJz1GeNr1aOXwSB4McwEMfEgiF48RjAPSGKYnczGwdkHM72BsOzBi7/ixYMiXv0Ib/6NszGCihY0FFXddHd5sZIGCHl3Zmbn5hcWC0vF5ZXVtXV3Y7NpokRz0eCRinTbY0YoGYoGSFCiHWvBAk+JlndzlvutkdBGRuEljGPRC9gwlL7kDKzUd7fH+BiP+gQD3sddXzOe0iytZEO4qvTdEikTQiilOCe0ekgsOTqqVWgN09yyKKEp6n33rTuIeBKIELhixnQoiaGXMg2SK5EVu4kRMeM3bCg6loYsEKaXTp7I8K5VBtiPtK0Q8ET9PpGywJhx4NnOgMG1+e3l4l9eJwG/1ktlGCcgQv65yE8UhgjnieCB1IKDGlvCuJb2VsyvmU0CbG5FG8LXp/h/0qyU6WH54OKgdHI6jaOAttEO2kMUVdEJOkd11EAc3aJ79IienDvnwXl2Xj5bZ5zpzBb6Aef1A1Iflqo=</latexit>

y = v0t�
1

2
gt2

<latexit sha1_base64="rQDS42PPosKcCeu6yInrorsCbjY="></latexit>

y(1s) = (13.0m/s)(1s)� 0.5(9.8m/s2)(1s)2 = 8.10m
<latexit sha1_base64="XdPLadmJqh/COwNOXauWvBjklHk=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUTUlK6WMhFN24rGBtoR1LJs20oZnMkGSUofQ/3LhQxK3/4s6/MdNWUNEDFw7n3Mu993iR4Nog9OFkVlbX1jeym7mt7Z3dvfz+wY0OY0VZm4YiVF2PaCa4ZG3DjWDdSDESeIJ1vMlF6nfumNI8lNcmiZgbkJHkPqfEWOk2KZb1KTyD1VIFwWCQL6ASQghjDFOCa1VkSaNRL+M6xKllUQBLtAb59/4wpHHApKGCaN3DKDLulCjDqWCzXD/WLCJ0QkasZ6kkAdPudH71DJ5YZQj9UNmSBs7V7xNTEmidBJ7tDIgZ699eKv7l9WLj190pl1FsmKSLRX4soAlhGgEccsWoEYklhCpub4V0TBShxgaVsyF8fQr/JzflErahXVUKzfNlHFlwBI5BEWBQA01wCVqgDShQ4AE8gWfn3nl0XpzXRWvGWc4cgh9w3j4BZcGQhg==</latexit>

y(2s) = 6.40m
<latexit sha1_base64="xmMsGJiunvc9gDpjLwRtTkEiOQQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxCXViSWvtYCEU3LivYB7RDyaRpG5p5kGSEsfRL3LhQxK2f4s6/MdNWUNEDFw7n3Mu997ih4Eoj9GGlVlbX1jfSm5mt7Z3drL2331JBJClr0kAEsuMSxQT3WVNzLVgnlIx4rmBtd3KV+O07JhUP/Fsdh8zxyMjnQ06JNlLfzsb5M3UCL+DpeQEj6PXtHCoghDDGMCG4UkaG1GrVIq5CnFgGObBEo2+/9wYBjTzmayqIUl2MQu1MidScCjbL9CLFQkInZMS6hvrEY8qZzg+fwWOjDOAwkKZ8Defq94kp8ZSKPdd0ekSP1W8vEf/yupEeVp0p98NIM58uFg0jAXUAkxTggEtGtYgNIVRycyukYyIJ1SarjAnh61P4P2kVC7hcKN2UcvXLZRxpcAiOQB5gUAF1cA0aoAkoiMADeALP1r31aL1Yr4vWlLWcOQA/YL19AkUjkOs=</latexit>

y(3s) = �5.10m

<latexit sha1_base64="+LzHzJZl8Dh2KHQFRtX9a3mt9wM=">AAACAHicdZBLS0JBFMfn2svsZbVo0WZIgiCSGREfi0Bq09IgH6Aic8dRB+c+mDlXEHHTV2nTooi2fYx2fZvmqkFFHRj48f+fw5nzd0MlDRDy4SRWVtfWN5Kbqa3tnd299P5B3QSR5qLGAxXopsuMUNIXNZCgRDPUgnmuEg13dB37jbHQRgb+HUxC0fHYwJd9yRlYqZs+GuNLPO4SfI4ZLPECD6CbzpAsIYRSimOgxQKxUC6XcrSEaWzZyqBlVbvp93Yv4JEnfOCKGdOiJITOlGmQXIlZqh0ZETI+YgPRsugzT5jOdH7ADJ9apYf7gbbPBzxXv09MmWfMxHNtp8dgaH57sfiX14qgX+pMpR9GIHy+WNSPFIYAx2ngntSCg5pYYFxL+1fMh0wzDjazlA3h61L8P9RzWVrI5m/zmcrVMo4kOkYn6AxRVEQVdIOqqIY4mqEH9ISenXvn0XlxXhetCWc5c4h+lPP2CYN3k9I=</latexit>

v = v0 + at = v0 � gt
<latexit sha1_base64="7sGntt8f7VstVqA4nYSG+jiBgJw="></latexit>

v(1s) = 13.0m/s� (9.8m/s2)(1s) = 3.20m/s

<latexit sha1_base64="LRwhRAB33RP4twk3YTeuyd+3bsk=">AAAB+nicdVBNS0JBFJ1nX2ZfWss2QxLYoteMiB+LQGrT0iBNUJF54zwdnPfBzDxDXv6UNi2KaNsvade/aZ4aVNSBC4dz7uXee5xQcKUR+rBSK6tr6xvpzczW9s7uXja331JBJClr0kAEsu0QxQT3WVNzLVg7lIx4jmC3zvgy8W8nTCoe+Dd6GrKeR4Y+dzkl2kj9bG5SKKoTeA5Py3YZQe9M9bN5ZCOEMMYwIbhidGTXatUirkKcWAZ5sESjn33vDgIaeczXVBClOhiFuhcTqTkVbJbpRoqFhI7JkHUM9YnHVC+enz6Dx0YZQDeQpnwN5+r3iZh4Sk09x3R6RI/Uby8R//I6kXarvZj7YaSZTxeL3EhAHcAkBzjgklEtpoYQKrm5FdIRkYRqk1bGhPD1KfyftIo2Ltul61K+frGMIw0OwREoAAwqoA6uQAM0AQV34AE8gWfr3nq0XqzXRWvKWs4cgB+w3j4BjumRow==</latexit>

v(2s) = �6.60m/s
<latexit sha1_base64="UwJnXbMobqLZ0CNP819EsQeyGak=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQF9aklj4WQtGNywr2AW0pmTRtQzMPkkyljP0UNy4UceuXuPNvzLQVVPTAhcM593LvPU4guNIIfViJldW19Y3kZmpre2d3z07vN5QfSsrq1Be+bDlEMcE9VtdcC9YKJCOuI1jTGV/FfnPCpOK+d6unAeu6ZOjxAadEG6lnpyfZc3UCL+ApLuYKyD1TPTuDcgghjDGMCS4VkSGVSjmPyxDHlkEGLFHr2e+dvk9Dl3maCqJUG6NAdyMiNaeCzVKdULGA0DEZsrahHnGZ6kbz02fw2Ch9OPClKU/Dufp9IiKuUlPXMZ0u0SP124vFv7x2qAflbsS9INTMo4tFg1BA7cM4B9jnklEtpoYQKrm5FdIRkYRqk1bKhPD1KfyfNPK5OLWbQqZ6uYwjCQ7BEcgCDEqgCq5BDdQBBXfgATyBZ+veerRerNdFa8JazhyAH7DePgGnXJGz</latexit>

v(3s) = �16.40m/s
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