Engineering Science.
Linear Velocity and Acceleration,  Example Questions.

1. A motor vehicle starting from rest travels with uniform acceleration of 1.2 m/s2 for 15s.  It then travels with uniform velocity for 2 minutes and is finally brought to rest with a uniform deceleration of 1.8m/s2.  Determine:

a) the maximum velocity in km/h,

b) the time taken for the deceleration period and,

c) the total distance travelled.

Ans: a) 64.8km/h b) 10s c) 2.385km.

a) Looking @ ‘A’:
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Using:
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b) Looking @ ‘C’:
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Using:
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c) Looking at the area under the graph, shape is a trapezium:
Area= Distance=(sum of the parallel sides)distance between the sides
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2. The ram of a horizontal forging machine moves from rest with a uniform acceleration of 160m/s2 until it strikes the work piece.  Assuming that the ram is brought to rest with a uniform deceleration of 500m/s2 in compressing the work piece and that the time taken for the whole operation is 33ms determine:
a) the velocity at impact,

b) the amount that the work is compressed, and

c) the total distance moved by the ram during the operation.

Ans:  a) 4m/s b) 16mm c) 66mm

a) Looking @ ‘A’:
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Looking @ ‘B’:

[image: image8.wmf]B

t

t

v

u

s

m

a

v

=

=

=

-

=

=

max

2

?

/

500

0


Using:


[image: image9.wmf])

2

_(

500

500

0

max

max

v

t

t

v

at

u

v

B

B

=

-

=

+

=


Looking @ the time:
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Rearrange equations (1) and (2) to make ‘t’ the subject and substitute into equation (3):
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and
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Substituting:
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b) The amount the work is compressed will be the distance travelled in ‘B’.
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c) Looking at ‘A’:
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 EMBED Equation.3  [image: image18.wmf]
Therefore total distance travelled=0.016+0.05=0.066m

[image: image19.wmf]
3. A cage travels down a mine shaft 800m deep.  It accelerates uniformly from rest for the first 200m, travels at constant velocity for the next 500m and then comes to rest again at the bottom of the shaft by retarding uniformly for the last 100m.  If the total time for decent is 1 minute calculate the maximum velocity.
Ans:  18.33m/s



Looking @ ‘A’


Looking @ ‘B’

Looking @ ‘C’
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Looking @ Time:

tA+tB+tC=60_(4)

Substitute equations (1), (2) and (3) into equation (4):
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4. A train which is being accelerated uniformly passes a station with a velocity of 60km/h and at the next station its velocity is 96km/h.  If the distance between the two stations is 1.3 km determine the acceleration in m/s2.

Ans:  0.167 m/s2.
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5. In a particular type of hardness test a steel hammer is allowed to fall on to a material being tested.  If the hammer bounces to a height of 400mm determine the velocity after bouncing on the specimen, take g = 9.8m/s2.

Ans: 2.8m/s
 On the way back up after bouncing:
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6. A motor vehicle, travelling initially with a velocity of 72km/h, is given a uniform retardation of 0.5m/s2 for a period of 30s.  Sketch the velocity time graph and determine:
a)  the final velocity in km/h, and 

b)  the distance travelled (in meters) during the specified period of time.

Ans:  a) 18km/h   b) 375m.
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     Using:
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b)

Area under the graph is the distance travelled, area is a trapezium.
Therefore 
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7. During a cutting operation on a shaping machine the motion of the ram on its forward stroke of length 126mm is divided into three phases as follows:  accelerating from rest to a velocity of 500mm/s for the first 20mm, decelerating from 500mm/s to 300mm/s while taking a cut 100mm long and decelerating to rest for the last 6mm.  Assuming that all the changes of velocity are uniform sketch the velocity time graph and determine the time taken for the forward stroke.

Ans: 0.37s.

Looking @ ‘A’:




Using:
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Looking @ ‘B’:



From previous transposition:
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Looking @ ‘C’:



From previous transposition:
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Therefore, total time taken:
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8. A special motor car, designed to travel at high speeds, is able to accelerate as 2m/s2 while increasing velocity from 540 to 576 km/h and at 1m/s2 while increasing velocity from 576 to 612 km/h.  Working on the assumption that the acceleration during each of the two periods is uniform determine,:

a) the minimum time taken to increase speed from 540 to 612 km/h, and 

b) the distance travelled during this time.

Ans:  a) 15s, b) 2.425km.

a) Looking @ ‘A’:



Using:
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Looking @ ‘B’:



From previous transposition:
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Therefore time taken: 5+10=15s

b) Looking @ ‘A’:



Using:
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Looking @ ‘B’:



From previous transposition:
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Therefore total distance travelled: 775+1650=2425m

9. A goods lift in a multi storey factory is able to make its complete ascent of 24m in 30 s.  For the first quarter of the distance the velocity is uniformly accelerated, and during the last quarter is uniformly retarded, the acceleration being numerically equal to the retardation.  Determine the uniform velocity of the lift during the centre portion of its ascent.

Ans: 1.2m/s


Looking @ ‘A’


Looking @ ‘B’

Looking @ ‘C’
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Looking @ Time:

tA+tB+tC=30_(4)

Substitute equations (1), (2) and (3) into equation (4):
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10. A cage in a mine shaft performs the first part of its decent with a uniform acceleration of 1m/s2 and the remainder of its decent to the bottom of the shaft with uniform retardation of 2m/s2.  If the total time for decent is 1 minute calculate the depth of the shaft.

Ans: 1200m









Looking @ ‘A’:



Using:
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Looking @ ‘B’:



Using:
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Looking @ the time: tA+ tB=60_(3)

Substitute equations (1) and (2) and into equation (3):
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Distance travelled/depth of shaft= Area under the graph, area of the triangle:
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11.  In a particular laboratory experiment a steel ball was allowed to fall   from rest under the influence of gravity.  The time taken for it to descend through a distance of 1m was measured accurately.
a) If the time taken was 0.452s calculate the value of gravitational acceleration.

b)  Using the value of ‘g’ determine the velocity of the ball at the bottom of its descent.

Ans: a)  9.79m/s2 b)4.425m/s.
a)
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b)


[image: image63.wmf]s

m

at

u

v

v

s

m

a

s

t

u

/

42

.

4

)

452

.

0

79

.

9

(

0

?

/

79

.

9

452

.

0

0

2

=

´

+

=

+

=

=

=

=

=


12. A ball is thrown vertically upwards with a velocity of 9.8m/s.  Determine:

a)   its height when its velocity is 4.9m/s, and 

b)  the times when it will be at this height.

Ans: a) 3.675m b) 0.5s and 1.5s.

a)
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b)On the way up:
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Calculate maximum height:
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Total time to travel up:
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So downwards travel to height of same velocity = 4.9-3.67=1.23m

So time to travel down:
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Total time to travel up and back down = 1+0.5=1.5s
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