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Unit 1 - Kinematics

Section 2
Graphical Analysis
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Position-Time Graphs
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Position-Time Graphs

Direction of Motion v

If the velocity of an object changes from positive to negative (or vice versa)
it simply means that it has changed direction. On a position-time graph this
occurs when the velocity changes signs.
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Velocity-Time Graphs
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Velocity-Time Graphs
Direction of Motion S

+v
Positive Region

Positive Velocity
A Positive Direction
t

A Negative Region
-v Negative Velocity
Negative Direction \

If the graph line crosses the time axis from the positive region to the
negative region (or vice versa), then the object has changed directions.
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Velocity-Time Graph Calculations

slope => acceleration | yv\ = /.3:3
(t,v1), (2, V2,) Box

- o o l)(‘,v\ﬂ ll’ﬁ."]L)

a=Av=v,-Vv,
At t -t /

area => distance or displacement

distance = A1 + A2 + A3 + ...

displacement = Alé A2 Q3 + ...

average speed = distance 4
time

average velocity = displacement
time
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Worksheet: Velocity-Time Graph #1
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Physics 111/112


Chapter 2 – Graphical Manipulation of Vectors (MHR)


1. Hamilton drew a 7.0 mm long vector to represent a velocity of 56 m/s.  What scale did he use?


2. A vector that is 4.0 cm long represents a displacement of 24 km.  How long should you draw a vector to represent a displacement of 32 km if the same scale is used?


3. Find the resultant of the following vectors using the tip-to tail method on graph paper by


a) drawing the vectors in the order given


b) mixing up the order of the vectors


5 blocks, W


8 blocks, S


12 blocks, E


15 blocks, N


4 blocks, W


7 blocks, N


9 blocks, E


8 blocks, S


14 blocks, W


3 blocks, S


2 blocks, E


4. If, A = 6.0 m/s, E, B = 10 m/s, N, C = 14 m/s, W and D = 8.0 m/s, S find the resultant of the following using scaled diagrams and the tip-to-tail method:


a) A + C                               (8.0 m/s, W)


b) C + D                               (16 m/s, 300 S of W)


c) B + C + D                        (14 m/s, 8.1o N of W)


f)    A + B + C + D                 (8.2 m/s, 14o N of W)
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Physics 112 


Chapter 2 – Analytical Manipulation of Vectors (MHR)


1. Two velocity vectors with magnitudes of 9 m/s and 4 m/s are combined.  


a) What is the magnitude of the largest possible resultant?  


                      b)   What is the magnitude of the smallest possible resultant?  


2. A 3.0 N force and a 9.0 N force act on the same point of an object at the same time.  Would the largest resultant be produced when the angle between the two forces is 30o, 60o, 120o or 150o?


3. Two forces of 40 N and x N have a resultant of 100 N.  Could force x be 20 N, 40 N, 80 N or 


150 N?


4. If vectors A, B, C and D are 3.0 m/s east, 5.0 m/s north, 7.0 m/s west and 4.0 m/s south respectively, analytically find the resultants of


a) A + B

b) C + D


5. At recess, a group of elementary students decides to play dodge ball.  At one point, Billy and Jane kick the ball at the same time.  If Billy kicks the ball with a force of 28 N west and Jane kicks the ball with a force of 33 N north, what is the magnitude and direction of the resultant force on the ball?


6. Your family is spending the afternoon at the county fair.  Your father buys Mary, your younger sister, a big yellow balloon.  Mary accidentally lets go of the balloon.  It accelerates straight up with an acceleration of 12 m/s2.  If the wind accelerates is east at 5.9 m/s2, what is the resultant acceleration of the balloon?  State the direction of the resultant acceleration with reference to the horizontal.


7. A small UFO has a vertical velocity of 45 m/s as it descends from the sky.  If at the same time it has a horizontal velocity of 68 m/s, what is the resultant velocity of the UFO?  State the angle with reference to the vertical.


Answers




            1.    a) The largest possible resultant is 13 m/s.


                      b) The smallest possible resultant is 5 m/s.


      2.   The largest resultant is produced when the angle between the two forces is 30o.


                              3.    Force x could be 80 N.


4.     a)  The resultant is 5.8 m/s, 59o N of E.


                      b) The resultant is 8.1 m/s, 30o S of W.


5. The resultant force on the ball is 43 N, 50o N of W.


6. The resultant acceleration of the balloon is 13 m/s2 at 64o to the horizontal.


7. The resultant velocity of the UFO is 82 m/s at an angle of 57o to


        the vertical.
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Physics 112 


Chapter 2 – Analytical Manipulation of Vectors (MHR)


Problems


1. Hamilton drew a 7.0 mm long vector to represent a velocity of 56 m/s.  What scale did he use?


Hamilton let 1.0 mm equal 8.0 m/s (1.0 mm = 8.0 m/s).


2. A vector that is 4.0 cm long represents a displacement of 24 km.  How long should you draw a vector to represent a displacement of 32 km if the same scale is used?


The vector should be 5.3 cm long.


3. Two velocity vectors of 9 m/s and 4 m/s are combined.  


a) What is the magnitude of the largest possible resultant?  Draw a sketch to support your answer.


b) What is the magnitude of the smallest possible resultant?  Draw a sketch to support your 


answer.


a) The largest possible resultant is 13 m/s.










b) The smallest possible resultant is 5 m/s.










4. A 3.0 N force and a 9.0 N force act on the same point of an object at the same time.  Would the largest resultant be produced when the angle between the two forces is 30o, 60o, 120o or 150o?


The largest resultant is produced when the angle between the two forces is 30<sup>o</sup>.


5. Two forces of 40 N and x N have a resultant of 100 N.  Could force x be 20 N, 40 N, 80 N or 


150 N?




Force x could be 80 N.


6. Two brothers pull on a coloring book.  One pulls with a force of 3 N and the other pulls with a force of 4 N.  Is it possible for the resultant force on the book to be 0 N?


No.  The minimum force will result when the boys pull in opposite directions.  Since the forces are unequal, the resultant cannot be zero.  The magnitude of the smallest possible resultant is 1 N.  


7. If vectors A, B, C and D are 3.0 m/s east, 5.0 m/s north, 7.0 m/s west and 4.0 m/s south respectively, analytically find the resultants of


a) A + B


b) C + D


a) The resultant is 5.8 m/s, 59<sup>o</sup> N of E.


b) The resultant is 8.1 m/s, 30<sup>o</sup> S of W.


8. At recess, a group of elementary students decides to play dodge ball.  At one point, Billy and Jane kick the ball at the same time.  If Billy kicks the ball with a force of 28 N west and Jane kicks the ball with a force of 33 N north, what is the magnitude and direction of the resultant force on the ball?


The resultant force on the ball is 43 N, 50<sup>o</sup> N of W.






9. Your family is spending the afternoon at the county fair.  Your father buys Mary, your younger sister, a big yellow balloon.  Mary accidentally lets go of the balloon.  It accelerates straight up with an acceleration of 12 m/s2.  If the wind accelerates is east at 5.9 m/s2, what is the resultant acceleration of the balloon?  State the direction of the resultant acceleration with reference to the horizontal.


The resultant acceleration of the balloon is 13 m/s<sup>2</sup> at 64<sup>o</sup> to the horizontal.
















10. A small UFO has a vertical velocity of 45 m/s as it descends from the sky.  If at the same time it has a horizontal velocity of 68 m/s, what is the resultant velocity of the UFO?  State the angle with reference to the vertical.


The resultant velocity of the UFO is 82 m/s at an angle of 57<sup>o</sup> to the vertical.
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Chapter 2 – Graphical Manipulation of Vectors (MHR)


1. Hamilton drew a 7.0 mm long vector to represent a velocity of 56 m/s.  What scale did he use?


2. A vector that is 4.0 cm long represents a displacement of 24 km.  How long should you draw a vector to represent a displacement of 32 km if the same scale is used?


3. Find the resultant of the following vectors using the tip-to tail method on graph paper by


a) drawing the vectors in the order given


b) mixing up the order of the vectors


5 blocks, W


8 blocks, S


12 blocks, E


15 blocks, N


4 blocks, W


7 blocks, N


9 blocks, E


8 blocks, S


14 blocks, W


3 blocks, S


2 blocks, E


4. If A = 6.0 m/s, E, B = 10 m/s, N, C = 14 m/s, W and D = 8.0 m/s, S find the resultant of the following using scaled diagrams and the tip-to-tail method:


a) A + C                               (8.0 m/s, W)


b) C + D                               (16 m/s, 300 S of W)


c) B + C + D                        (14 m/s, 8.1o N of W)


f)    A + B + C + D                  (8.2 m/s, 14o N of W)


g) B – A                                (12 m/s, 59o N of W)

h) C + D – B                         (23 m/s, 52o S of W)


i) A – D – C                         (22 m/s, 22o N of E)


j) D - B  - C – A                  (20 m/s, 66o S of E)
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