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Motion problems

1.  An aeroplane travels 35000m in 6 minutes. Find the average velocity of the plane if it is flying from East to West.

97.2m west.

2.  How far does an object move in 3 seconds at an average of 26ms-1? 

78m.

3. Find the average speed of a car, which travels 10km in 5 minutes.

33.3m/s.

4.  A yacht has a velocity of 8ms-1 south.  How long will it take to travel 10km?



1250seconds.

5.  A pool ball travels 2m East in 0.5 seconds then 2m West in 0.25 seconds.  

a. What is the pool ball’s displacement?

0 m

b. What is the average velocity?


0 ms-1

c. What is its average speed?


6 ms-1

6.  A motorcycle travels due North at a constant velocity along a straight road.  At 5.15pm it passes the 105km peg and at 5.45pm on the same day it passes the 30km peg.  

a. What is its displacement? 


75km

b. What is its velocity?



150km/h

c. How long will take to travel a further 35km at the same constant velocity?





14 minutes

7.  A car can accelerate at 8 ms-2.  How long will it take to reach a velocity of 42 ms-1 from a standing start?





5.25 seconds.

8.  A sports car has an acceleration of 16.5 ms-2.  If it is travelling West at 30 ms-1 and it accelerates for 5 seconds, what is its new velocity?  





112.5 ms-1
9.  A motorcycle is moving North with a velocity of 17 ms-1.  For 24 seconds it undergoes a uniform deceleration of 0.3 ms-2.  What is its new velocity after this time?  





9.8 ms-1 
10.  Determine the distance required for a truck to accelerate from rest to 81kmh-1 in 14 seconds.





156.8m 

11.  What distance does a boat travel in the 6th second of motion when it accelerates at 8ms-1 it accelerates at 1.8ms-2? 

17.9m

12.  A race horse gallops 800m at a uniform velocity of 4ms-1 and a further 400m in the same direction at 5ms-1.  Determine the:    

a) Total time taken for the race 

280 seconds.

b) Average velocity 



4.3ms-1
13.  A zebra hears a ruffling sound in the grass and takes off and attains a maximum speed over a distance of 1.5km in 1.5 minutes.  Calculate the: 

a) Acceleration




0.185ms-2 

b) Average speed



8.33ms-1
c) Maximum speed



16.67ms-1
14.  Identify which of the following motion line graphs (A-D) represents an object that is:

[image: image2.png]¢ 14 What is the average velocity of a car which travels 32 m in 0.2 minutes?
¢ 15 A car travels 35 km north in 25 minutes, then 35 km south in

35 minutes.

a  What is its average speed?

b What is its average velocity?

A train is to make a 5 km journey. Calculate:

a the time it would take travelling at a speed of
17ms™,

the time it would take travelling at 25 m s~',
and

¢ the time saved by travelling at the faster speed.
A bus travels for 16 minutes at 60 km h™". Find the
distance in kilometres that it travels in this time.

A man runs around a circular track of radius 70 m

16

b

17

18

in 90 s. What is his average speed?

A car on a dual carriageway crosses the median
strip and makes a U-turn and continues back the
way it came, as shown in Figure 9.10. If there was
no change in the speedometer reading during this
time, discuss any changes in velocity and speed that
occurred.

The efficiency of the brakes on a car changes as the speed of the car
increases. This efficiency is called the braking coefficient. The higher the
coefficient the better the brakes are working. The information in Table
9.3 was obtained for disc brakes on a car.

a Draw a graph of this data.

b What inference can you draw from the shape of the graph?

19

20

Table 9.3 Braking coefficient of disc brakes in a car

120
0.2

Speed (km h™")

Braking coefficient 0.5

60 80

0.4

97
0.31

112
0.24

21 A ticker timer is a simple vibrator that puts dots on to a paper tape at a
rate of 50 dots in each second as shown in Figure 9.11.
A tape attached to a cart is passed under the vibrator and then cut into
successive lengths, each containing 10 spaces between the dots. These
lengths are used o produce the chart shown in Figure 9.12.

a What time does each length of
tape represent? 7
b What is the average speed for g
© length A? 6
¢ What is happening to the cart Ts
between A and D? k)
d What is happening to the cart :-f. 4
between D and G? L3
e What is the total force acting 2k
on the cart between D and G? 520
f  What is the total time from the 81
start of the motion until the g
cart reaches its maximum °;

speed?

Figure 9.12 Motion chart.

paper

Figure 9.10 Car doing a U-turn.

Vibrating
hammer

Figure 9.11 A ticker-timer.





i)  moving in a negative direction and losing speed.

[image: image3.png]Displacement

3 What is the difference between speed and velocity? (m)
4 State two units commonly used to measure velocity. fg
5 How can an object have a constant speed but a 16

changing velocity? 14
6 a What is meant by the term ‘vector quantity’? 12

b List two vector quantities. 10
¢ List two scalar quantities. ,
7 If a car was driven at 60 km h~" continually for two
hours yet the average velocity for the journey was
zero, explain how this could be so. o et YRTETE]
» 8 Determine the average velocity of the truck in Figure U 0 246 811,:,2 (:)2 1416 18 20
9.4 during the last 15 minutes (CD) of its travel. ]
« 9 Examine the displacement-time graph in Figure 9.7
and answer the following questions. | Figure 9.7 A displacement-time graph for a
a How would you describe the motion of the car . toy car's movements.
during the first 19 seconds? i
b How far was the car from its starting point after:

O N OV

i 4s, ! Distance
ii 10s, and ; (km)
iii 17 s? : 10

¢ s the velocity of the car during the first 4 s

constant? Explain your answer.
10 The distance-time graph in Figure 9.8 shows a ! 5

motorcyclist’s distance from her starting point

plotted against time travelled. Answer the following

questions relating to the graph. In each case explain

the reason for your answer,

a Where is her speed the greatest?

b Where is she stopped?

c At vvhat pqint does she begin to return to her ’ Figure 9.8 A distance-time graph.
starting point?

d How far did she travel altogether?

1
10 20
Time (s)

11 Graph (a) in Figure 9.9 represents the motion of a 80 80
skateboarder travelling at a constant speed. Explain . _
the motion of the skateboarder represented by E60 Es0
graph (b). = £

12 a What formula would you use to calculate the E40 £40

distance an object traveliing at a constant speed B 3
moved in a given time interval? gzo gzo

b An airbus flew at a speed of 700 km h-" for 2.5
hours. How far did it travel in this time?
13 Find the time needed to travel 15.6 m at 0.15 ms™".

0~54 1376 O 4 § 1216
(a) Time (s) (b) Time (s)

Figure 9.9 Displacement-time graphs to
illustrate the movement of a skateboarder.
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Distance vs. Displacement

As an object moves, its location undergoes change. There are two quantities that are used to describe the
changing location. One quantity - distance - accumulates the amount of total change of location over the
course of a motion. Distance is the amount of ground that is covered. The second quantity -
displacement - only concerns itself with the initial and final position of the object. Displacement is the
overall change in position of the object from start to finish and does not concern itself with the
accumulation of distance traveled during the path from start to finish.

4. TrueorFalse: An object can be moving for 10 seconds and still have zero displacement.
a.True b. False

If the above statement is true, then describe an example of such a motion. If the above statement is
false, then explain why it is false.

Suppose that you run along three different paths from location A to location B. Along which path(s)
would your distance traveled be different than your displacement?

Path1 Path?2 Path$

Y. B b el
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10. A cross-country skier moves from location A to location B to location C to location D. Each leg of the
back-and-forth motion takes 1 minute to complete; the total time is 3 minutes. (The unit is mefers.)

A D B

[ 2 a "] w1
a. Whatis the distance traveled by the skier during the three minutes of recreation?

b. Whatis the net displacement of the skier during the three minutes of recreation?

. What s the displacement during the second minute (from 1 min. to 2 min.)?

d. What s the displacement during the third minute (from 2 min. fo 3 min }?
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10. The graph below shows Donovan Bailey's split times for his 100-meter record breaking
run i the Atlanta Olympics in 1996.
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Atwhat point did he experience his greatest average speed for a 10 meter interval?

a
Calculate this speed inm/s.  PSYW

b. What was his average speed (in m/s) for the overall race? PSYW

“get © The Physics Classroom, 2009
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Motion in One Dimension

5. The graphs below depict the motion of several different abjects. Note that the graphs include both
position vs. time and velocity vs. time graphs.

velocity
velocity

ynsi:\nn

velocity

Graph A Graph B Graph C Graph D Graph E

‘The motion of these abjects could also be described using words. Analyze the graphs and
match them with the verbal descriptions given below by filling in the blanks.

Verbal Description

Graph
a. The object is moving fast with a constant veloaity and then moves slow with @
constant velocity.

"The Gbject is moving in one direction with a constant rate of acceleration
(slowing down), changes directions, and continues in the opposite direction
with a constant rate of acceleration (speeding up).

The object moves with a constant velocity and then sIows down

The object moves with a constant velocity and then speeds up.

The object maintains a rest posifion for several seconds and then accelerates.

6. Consider the position-time graphs for objects A, B, C and D. On the ficker tapes to the right of the
graphs, construct a dot diagram for each object. Since the objects could be moving right or left, put
an arrow on each ticker tape to indicate the direction of motion,

pos. A

A

Consider the velocity-time graphs for objects A, B, C and D. On the ficker fapes to the right of the
graphs, construct a dot diagram for each object. Since the objects could be moving right or left, put
an arrow on each ticker tape to indicate the direction of motion
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          A
    B
       C

D
      no match

ii)  moving in a positive direction and gaining speed at a slow rate


          A
    B
       C

D
      no match

iii)  travelling at a steady rate in a positive direction.


          A
    B
       C

D
      no match

iv)  at rest for an extended time.


          A
    B
       C

D
      no match

v)  moving in a positive direction but losing speed.

         

          A
    B
       C

D
      no match

15.  Study the following motion graph and answer the questions. 








a.  what is the acceleration in the first 15seconds?   

5ms-2
b.  during which period interval was the object stationary? 
None
c.  during which time interval the object experienced the lowest acceleration?







30-60s
d.  describe the object’s motion between 60-80 seconds.

Uniform 

velocity.

e.  what is the total displacement?  




7100m
16a.  Describe the motion of the following object. Moving at uniform velocity for the first 5 seconds, then stops for 2 seconds, then move at uniform velocity for the next 3 seconds, then stops for 4 seconds then in the last 10 seconds it heads back to its starting position at a constant velocity.   

16b.  Determine the velocity for the first five seconds.

2 ms-1 

16c.  Determine the velocity at the end of the 25th second.  

0 ms-1

16d.  For how many seconds was the object stationary?

7 seconds

16e.  What is the velocity in the last 10 seconds?

-2 ms-1
17.  A boat was cruising at 60km/h.  It accelerated for 6 seconds at 5m/s2.  What is the distance travelled given it had a final velocity of 95km/h? 

190m

18.  A truck applied the brakes while moving at 68km/h.  if retardation due to the brakes was 3.4m/s2,  determine the time it took for it come to a stop.  

5.6 seconds

19.  A jumper jumped from the BankWest tower without wearing his parachute and hit the ground at 80m/s.  Determine the height of the tower.  



326.3m

20.  An apple fell from the tree with a velocity of 4m/s.  If the apple falls from a branch that is 6.5m above ground, how long will it take for the apple to reach the ground? 



1.15 seconds


Path 3



24.  A hummingbird averages a speed of about 45km/h.  Ruby-throated hummingbirds take a 3220km journey when they migrate, including a non-stop trip across Gulf of Mexico in which they fly for 18 hours straight!  How far is the trip across the Gulf?

810m










1.3 seconds



v2 = u2 + 2as ;  a = 161572ms-2
A car has been leaking oil as it accelerated       A snail, equipped with a GPS sensor

on the road.  Determine the acceleration 
   that plotted its slimy path every two

given the oil is dripping one drop every 
   seconds, oozed its way towards a piece half a second.  



   of lettuce.  Calculate its average speed.






                
















ANSWERS

7.  The car’s destination is the same as its start point.
9a.  Uniform velocity first 5 seconds, stationary for next 2 seconds, uniform velocity heading back to starting point, stationary for 2 seconds then uniform velocity. 

9b.  i) 8m;  ii) 0m;  iii) 13m.

9c.  Yes. Linear graph. 

10.  a) MN;  b) NO;  c) P;  d) 20km(distance)/ 0km(displacement). 

11.  He is accelerating – increasing his speed over time.

12.  d = s x t           (d= distance; s= speed; t=time)

13.  t= d/s = 15.6/0.15 = 104 seconds. 


ANSWERS 

14.  2.67ms-1  

15.  a. 72k/hr or 20 ms-1; b. 0k/hr or 0 ms-1

16.  a. 294.1 seconds; b. 200 seconds c. 94.1 seconds. 
17.  16km.

18.  4.89 ms-1

19.  no change in speed, but, if car reaches the same take-off position then its velocity is zero.

20.  a.  see below.  b. at higher speeds the coefficient is smaller, thus the braking efficiency is reduced. 
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Show your work on the following problems.
1. Anairplane accelerates down a ran-way at3.20 m/s* for 32.8 s until is finally lifts off the ground.
Determine the distance traveled before take-off.

Arace car accelerates uniformly from 185 m/s to 46.1 m/s in 2.47 seconds. Determine the
acceleration of the car and the distance traveled.

A feather s dropped on the moon from & height of 1.40 meters. The acceleration of gravity on the
moon is 1.67 m/5°. Determine the fime for the feather to fall to the surface of the moon.

Abullet leaves a rifle with a muzzle velocity of 521 m/s. While accelerating through the barrel of
the rifle, the bullet moves a distance of 0.840 m. Determine the acceleration of the bullet (assume a
uniform acceleration).
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21.  a. each strip represents time interval of 0.2 second; b. 7ms-1; c. the cart is accelerating uniformly because there is a constant change in velocity; d. it is travelling at a uniform velocity; e. 0N; f. 0.8 seconds.  

END
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At 5.6 seconds; (50-40) / (5.6-4.9) = 14.28m/s





100/9.84 = 10.16m/s
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