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Problem

On level ground a shell is fired with an initial velocity of 40.0 m/s at 60.0° above the horizontal
and feels no appreciable air resistance. (a) Find the horizontal and vertical components of the
shell’s initial velocity. (b) How long does it take the shell to reach its highest point? (c) Find its
maximum height above the ground. (d) How far from its firing point does the shell land? (e) At its
highest point, find the horizontal and vertical components of its acceleration and velocity.

Step-by-step solution

Step 1 of 8

Towards the direction of the shell’s motion assume +.x be the horizontal, and +3 be vertical that
is upward. Therefore, the acceleration of shell in horizontal and vertical direction are a, and a,

respectively.

Comment

Step 2 of 8

(a)

Assume the horizontal initial velocity component be v,

we thus

Ve =V, COSE,
Substitute 4(.0 mjsfor vyand 60.0°for e,

Vo, =(40.0 m/s)cos 60.0°
=20.0 m/s

Comment

Step 3 of 8

Assume the vertical initial velocity component be v, thus
Vo, =V, Sing,
Substitute 4(.0 mjsfor v,and 60.0° for a,,
vy, = (40.0 m/s)sin 60.0°
=34.6 m/s

Therefore the horizontal and vertical component components of the shell’s initial velocity are
|20,0 m,fsland |34.6 mfs| respectively.

Comment
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(b)
At the maximum height,
v, =0

But the velocity is calculated by,
v, =v, Fal
Rewrite the above equation in terms of ¢,

(= Ve = Vo
[

Substitute Ofor v,, 34.6 m/sfor v,,and -9.8 m/s*for a,,
. 0—(34.6 m/s)
[—9.8 m'sz)
=3.53s
Hence, the highest point reach by the shell is .

Comment

Step 50of 8

()
Here, the maximum height above the ground is calculated by y—y,.
The known formula is,
vi=vy +2a (y-y)
Rewrite the above equation in terms of y -y,

2

3
VTV
Yy=W= T

¥

Substitute for v, 34.6 m/sfor v, and 98 rnfs2 for a,,
(0 ~(34.6 m/s)’
2(-9.8 m/s’)
=61.2m
Hence, the maximum height above the ground is [61.2 m-

Y=¥=

Comment

Step 6 of 8
(d)
The distance at which the shell land is x — X, which is calculated by the following formula,
X=X, = vl t—al’
o Ox 2 x
Substitute 20.0 m/sfor v,,, (2)(3.53 s)for t and g for a,,

x—x,=(20.0 m/s)(2)(3.53 s)+[%][0][[2)(3.53 s))’
=141m
Hence, the distance of fringing point does the shell land is [14] m]-

Comment
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(e)

At maximum height,

Ve = Vox

=20.0 m/s
And,
v, =0

Hence, the horizontal and vertical component components of the velocity are |20.0 ml.fs and

respectively.

Comment

Step 8 of 8

At all point in motion,
a, =0

And,
a,=-9.80 m/s’

Hence, the horizontal and vertical component components of the acceleration are

respectively.

Comment
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