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ENGG407-Solution for Problem Set #1 

Taylor Series, Numerical Errors and Numerical Derivatives 

Winter 2010 

 

Answer 1 
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Answer 2 

 
Part a: 

)sin()( 1321
1 += ef  

 

)cos()(' 1321
1 += ef  

 
(2) 1(1) 2 3sin(1)f e= −  
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Part b: To determine this polynomial it is necessary to expand the 3
rd

 order Taylor series about 0 1x = .  Therefore 
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where 

 
1(1) 2 3sin(1)f e= +  

 

0(1) 1

0 0( ) 2 3cos( ) 2 3cos(1)
x

f x e x e= + = +  

 

0(2) 1

0 0( ) 2 3sin( ) 2 3sin(1)
x

f x e x e= − = −  

 

0(3) 1

0 0( ) 2 3cos( ) 2 3cos(1)
x

f x e x e= − = −  

 

This results in a 3
rd

 order polynomial in terms of x. 

 

Part C: 
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Answer 3 

 

Taylor series expansion about x = 1 

Second order expansion is required since the output must be a quadratic 
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The polynomial parameters are: 

 

A = 1.5e
1 

B = -e
1 

C = 0.5e
1 

 

The approximation to f(x) at x = 0 is f(0) ≈ 0.5e
1
 

 

The true error is Et = |0 – 0.5e
1 
| 

 

The relative error is εt  =  |0 – 0.5e
1 
| / 0 
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Answer 4 

 

 
a) The Jacobian 

( , ) sin( )

cos( )
( , )

( , ) sin( ) cos( )

f x y xy

y xyx x
J x y

f x y xy x xy

y y

∂ ∂   
     ∂ ∂
   = = =  ∂ ∂     
   ∂ ∂   

 

b) The Hessian 
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cos( ) sin( ) sin( ) cos( ) sin( )
( , )

cos( ) sin( ) sin( )cos( ) sin( )

sin( )

y xyJJ

x xy xy xy y xy xy xy xyx
H x y

J xy xy xy x xyxy xy xyJ
y y x xy

  −∂∂ =   ∂ −  − −∂   
= → =   ∂ − −− ∂   

=  ∂  ∂ − 

 

 

c) The second order Taylor series of the function ( , ) sin( , )f x y x y= at expansion point 
0
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0
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f x y f x y x x y y J x y x x y y H x y

y y

x
x y x y

y

−    
= + − − + − −      −     

        
= + +                
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Answer 5 
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Answer 6 
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Answer 7  
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Answer 8 

 

 

 
 

 

 

 

 

Answer 9 

 

 
 

Answer 10  

 
If you have solved this problem please discuss your results with your instructor. 

 
 

Second order Taylor Series Approximation Formula 


