Example 4

The velocity of a rocket is given by
14x10*
14x10* — 2100t

Use the forward difference approximation of the second derivative
of v(t) to calculate the jerk at t =16s. Use a step size of At=2s.
Solution

() ~ V(tnz )_ 2V(ti+1)+ V(ti )
J(ti ) ~ (At)2

v(t)= 2000In{ }—9&,09 <30
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14 x10* - 2100(20)
=517.35m/s
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v(18) = 20001n 1410
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=392.07m/s

517.35 - 2(453.02)+ 392.07
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=0.84515 m/s®

j16)=

The exact value of j(16) can be calculated by differentiating

14x10* |
14 x10* — 2100t

v(t) = 2000 In{

twice as

alt)= %[v(t)] and
i(t)= S fat)]

Tt
Knowing that
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EH__i
dt|t t2

14x104—2100tjd[ 14x10° J_gs

a(t) = 2000 . — -
14 %10 dt | 14 x10* — 2100t

4 4
_ 2000(14 x10* - 2100tj(_ 1)[( 14x10
1

14 x10* 4 x10* — 2100t
| —4040-29.4t
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Similarly it can be shown that
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dt
18000

" (=200 3t)?
] (1 6) _ 18000 :
[-200 + 3(16)]
=0.77909m/s*

The absolute relative true error is
el 0.77909-0.84515/ .
| 077909 |

=8.4797%

7 J(— 2100)-9.8

The formula given by Equation (5) is a forward difference
approximation of the second derivative and has an error of the
order of O(Ax). Can we get a formula that has a better accuracy?
Yes, we can derive the central difference approximation of the
second derivative.

The Taylor series is

f(x.,,)=f(x)+ f'(x)Ax+ %IX‘)(AX)2 + @(Ax)3 + f ”:1(IX‘ )(Ax)4 +
(6)
where
X, =X, +AX
)= 1) 1 e 08 e - T F 00
(7)
where
Xi 1 = X; —AX
Adding Equations (6) and (7), gives
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