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Abstract This paper uses the mathematical software Maple for the auxiliary tool to study two types of double integrals. We can obtain the infinite series forms of these two types of double integrals by using Fourier series method and integration term by term. On the other hand, we provide two examples to do calculation practically. The research methods adopted in this study involved finding solutions through manual calculations and verifying these solutions by using Maple. This type of research method not only allows the discovery of calculation errors, but also helps modify the original directions of thinking from manual and Maple calculations. For this reason, Maple provides insights and guidance regarding problem-solving methods.
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1. Introduction The computer algebra system (CAS) has been widely employed in mathematical and scientific studies. The rapid computations and the visually appealing graphical interface of the program render creative research possible. Maple possesses significance among mathematical calculation systems and can be considered a leading tool in the CAS field. The superiority of Maple lies in its simple instructions and ease of use, which enable beginners to learn the operating techniques in a short period. In addition, through the numerical and symbolic computations performed by Maple, the logic of thinking can be converted into a series of instructions. The computation results of Maple can be used to modify previous thinking directions, thereby forming direct and constructive feedback that can aid in improving understanding of problems and cultivating research interests. Inquiring through an online support system provided by Maple or browsing the Maple website (www.maplesoft.com) can facilitate further understanding of Maple and might provide unexpected insights. For the instructions and operations of Maple, we can refer to [1-7]. In calculus and engineering mathematics curricula, determining the surface area, the volume under a surface, and the center of mass of a lamina require using double integrals. Therefore, both the evaluations and numerical calculations of double integrals possess significance, and can be studied based on [8-9]. In this paper, we study the following two types of double integrals λ2 β 2
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1 dxdy a + b cos( px + qy + r )
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λ2 β 2



∫λ1 ∫β1



1 dxdy a + b sin( px + qy + r )



(2)



where a, b, p, q, r, β1 , β 2 , λ1 , λ2 are real numbers, p, q ≠ 0 and a > b . We can obtain the infinite series forms of these two types of double integrals by using Fourier series method and integration term by term; these are the major results of this paper (i.e., Theorems 1, 2). As for the study of related double integrals can refer to [10-16]. On the other hand, we propose two examples to do calculation practically. The research methods adopted in this study involved finding solutions through manual calculations and verifying these solutions by using Maple. This type of research method not only allows the discovery of calculation errors, but also helps modify the original directions of thinking from manual and Maple calculations. For this reason, Maple provides insights and guidance regarding problem-solving methods.



2. Main Results Firstly, we introduce a notation and some formulas used in this study. 2.1 Notation. Let z = a + ib be a complex number, where a, b are real numbers. We denote a the real part of z by Re( z ) , and b the imaginary part of z by Im( z ) . 2.2 Euler's formula.



e ix = cos x + i sin x , where x is any real number. 2.3 DeMoivre's formula.



(cos x + i sin x ) n = cos nx + i sin nx , where n is any integer, x is any real number. 2.4 Geometric series. ∞ 1 = ∑ ( −u ) k , where u is a complex number, u < 1 . 1 + u k =0



Next, we introduce an important theorem used in this paper. 2.5 Integration term by term ([17]). Suppose



{g n }∞n = 0



∞



is a sequence of Lebesgue integrable functions defined on an inteval I . If



n =0 ∞



convergent, then



∫I ∑ g n n =0
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Before deriving the first main result in this study, we determine the Fourier series expansion of the trigonometric 1 function . a + b cos θ 2.6 Lemma 1. Let a , b, θ are real numbers, a > b . Then



1 = a + b cos θ



1



2



+



a 2 − b2



a 2 − b2



∞



 ⋅ ∑−  k = 1



a+b − a+b +



k



a − b  cos k θ a − b 



(3)



1 1 2.6.1 Proof. Let r = ( a + b + a − b ) , s = ( a + b − a − b ) , then 2 2



1 a + b cos θ 1



=



a 2 − b2 1



=



a2 − b2



−1



=



a2 − b2



a 2 − b2 a + b cos θ



⋅



 −1+ a +  



a 2 − b 2 + b cos θ a + b cos θ



r   + cos θ   s   2 2  r 2 + 2 rs cos θ + s 2  a −b     b



+



b =



=



−1 a −b 2



2



−1 a −b 2



   



2



+



s



2



a − b2 2



b rs



+



a −b 2



2



 r + cos θ − i sin θ  s Re    r + cos θ + i sin θ   r + cos θ − i sin θ    s  s 



  1 Re   1 + sz  r 



     



     



iθ (where z = e )



(by Euler's formula)



−1



=



a 2 − b2 (because
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 ∞  sz  k  Re  ∑  −    k = 0 r  



sz s = < 1 , we can use geometric series) r r
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−1



=



a 2 − b2 −1



=



a 2 − b2 2



+



a 2 − b2



1



=



2



+



a 2 − b2



⋅



∞



 ∑  − k = 0 ∞



2



+



a 2 − b2



 ∞  s k Re  ∑  −  e ik θ  k = 0  r 



a 2 − b2



 ⋅ ∑−  k = 1



a+b − a+b +



a+b − a+b +



  



(by DeMoivre's formula)



k



a − b  cos k θ a − b 



(by Euler's formula)



k



a − b  cos k θ a − b 



■



In the following, we obtain the infinite series form of the double integral (1). 2.7 Theorem 1. Suppose a, b, p, q, r, β1 , β 2 , λ1 , λ2 are real numbers, p, q ≠ 0 and a > b . Then the double integral λ2 β 2



∫λ1 ∫β1 =



1 dxdy a + b cos( px + qy + r )



( β 2 − β1 )(λ2 − λ1 ) a 2 − b2



1  a + b − a − b  + − [cos k ( pβ 2 + qλ1 + r ) − cos k ( pβ 2 + qλ2 + r )] ∑ 2  a + b + a − b  a 2 − b2 k =1 k  k



∞



1  − ∑ 2  a 2 − b 2 k =1 k  2 / pq



−



k



∞



2 / pq



a + b − a − b  [cos k ( p β 1 + q λ1 + r ) − cos k ( p β1 + q λ 2 + r )] a + b + a − b 



(4)



2.7.1 Proof. In Lemma 1, taking θ = px + qy + r , we obtain



1 = a + b cos( px + qy + r )



1 a 2 − b2



+



2 a 2 − b2



⋅



∞



 ∑  − k =1



k



a + b − a − b  cos k ( px + qy + r ) a + b + a − b  (5)



Therefore, the double integral λ2 β 2



∫λ1 ∫β1







=



λ2 β 2  λ1 β1 



∫ ∫







λ = 2 λ1 



∫



1 dxdy a + b cos( px + qy + r ) 1



2 2  a −b



β 2 − β1



2 2  a −b



+



+



∞  ⋅ ∑−  a 2 − b 2 k =1



2



∞



1  − ∑  a 2 − b 2 k =1 k  2/ p



k  a + b − a − b  cos k ( px + qy + r ) dxdy  a + b + a − b   k  a + b − a − b  [sin k ( p β 2 + qy + r ) − sin k ( p β1 + qy + r )] dy  a + b + a − b  



(by integration term by term )
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=



−



( β 2 − β1 )(λ2 − λ1 ) a 2 − b2



k



∞



1  − ∑ 2  a 2 − b 2 k =1 k  2 / pq



k



∞



1  a + b − a − b  − [cos k ( pβ 2 + qλ1 + r ) − cos k ( pβ 2 + qλ2 + r )] ∑ 2  a + b + a − b  a 2 − b2 k =1 k  2 / pq



+



a + b − a − b  [cos k ( p β 1 + q λ1 + r ) − cos k ( p β1 + q λ 2 + r )] a + b + a − b 



■



(again by integration term by term )



To derive the second major result in this paper, we also need a lemma regarding the Fourier series expansion of the 1 trigonometric function . a + b sin θ



1 a + b sin θ



2.8 Lemma 2. The same assumptions as Lemma 1, then



=



1 a 2 − b2



+



2 a 2 − b2



∞



 ⋅ ∑−  k = 1



2.8.1 Proof. In Lemma 1, replacing θ by



a+b − a+b +



π 2



k



a − b  kπ   cos  k θ −   2  a−b  



(6)



− θ , we immediately obtain this result



■



Next, we determine the infinite series form of the double integral (2).



2.9 Theorem 2. If the assumptions are the same as Theorem 1, then the double integral λ2 β 2



∫λ1 ∫β1 =



1 dxdy a + b sin( px + qy + r )



( β 2 − β 1 )( λ 2 − λ1 ) a2 − b2 a + b − a − b    kπ  kπ     − cos  k ( pβ 2 + qλ2 + r ) −  cos  k ( pβ 2 + qλ1 + r ) −  2  2  a+b + a−b    



∞



a + b − a − b    kπ  kπ     cos  k ( p β 1 + q λ1 + r ) − 2  − cos  k ( p β1 + q λ 2 + r ) − 2    a+b + a−b      



+



−



1  − ∑ 2  a 2 − b 2 k =1 k  2 / pq



k



∞



1  − ∑ 2  a 2 − b 2 k =1 k  2 / pq



k



(7)



2.9.1 Proof. In Lemma 2, let θ = px + qy + r , we have



1 = a + b sin( px + qy + r )



1 a 2 − b2



+



∞  ⋅ ∑−  a 2 − b 2 k =1



2



k



a + b − a − b  kπ   cos  k ( px + qy + r ) −  2  a+b + a −b   (8)



Thus, the double integral
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λ2 β 2



∫λ1 ∫β1



1 dxdy a + b sin( px + qy + r ) 



λ β = 2 2 λ1 β1 



∫ ∫ 



1



2 2  a −b



∞



 ⋅ ∑−  a 2 − b 2 k =1 2



+



k



a + b − a − b  kπ  cos  k ( px + qy + r ) −  2 a+b + a−b  



   dxdy  



k  1  a + b − a − b    kπ  kπ   + − sin k ( pβ2 + qy + r) −  − sin k ( pβ1 + qy + r) − dy ∑ ∫    2 2 2  2   a 2 − b2 k =1k  a + b + a − b     a −b  (by integration term by term)



λ = 2 λ1 



=



β2 − β1



∞



2/ p



( β 2 − β 1 )( λ 2 − λ1 ) a2 − b2 a + b − a − b    kπ  kπ     − cos  k ( pβ 2 + qλ2 + r ) −  cos  k ( pβ 2 + qλ1 + r ) −  2  2  a+b + a −b    



∞



a + b − a − b    kπ  kπ   cos  k ( p β1 + q λ1 + r ) − 2  − cos  k ( p β1 + q λ2 + r ) − 2    a+b + a−b      



+



−



1  − ∑ 2  a 2 − b 2 k =1 k  2 / pq



k



∞



1  − ∑ 2  a 2 − b 2 k =1 k  2 / pq



k



■



(again by integration term by term)



3. Examples In the following, aimed at the two types of double integrals in this study, we propose two examples and use Theorems 1, 2 to determine their infinite series forms. On the other hand, we employ Maple to calculate the approximations of these double integrals and their solutions for verifying our answers.



3.1 Example 1. By Theorem 1, we obtain the following double integral π



π /2



1



∫π / 3 ∫π / 4 5 + 3 cos( 2 x − 4 y + π / 3) dxdy =



=



π2 24



π2 24



−



1 ∞ 1  1  4 kπ  1 ∞ 1  1   kπ 5kπ  − 1 − cos − cos     +  −   cos  ∑ ∑ 2 2 16 k =1 k  3   3  16 k =1 k  3   2 6 



−



1 ∞ 1  1  4 kπ kπ 5kπ  − cos + cos  −  1 − cos  ∑ 2 16 k =1 k  3   3 2 6 



k



k



k



(9)



Next, we use Maple to verify the correctness of (9). >evalf(Doubleint(1/(5+3*cos(2*x-4*y+Pi/3)),x=Pi/4..Pi/2,y=Pi/3..Pi),18); 0.419258679260369261 >evalf(Pi^2/24-1/16*sum(1/k^2*(-1/3)^k*(1-cos(4*k*Pi/3)-cos(k*Pi/2)+cos(5*k*Pi/6)),k=1..infinity),18);
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The above answer obtained by Maple appears I ( = − 1 ), it is because Maple calculates by using special functions built in. The imaginary part is zero, so can be ignored.



3.2 Example 2. Using Theorem 2, we can evaluate the following double integral 3π / 4 5π / 6



∫π / 4 ∫π / 3



1 dxdy 11 − 8 sin( 3 x + 6 y − π / 4 ) k



∞



1  19 − 3   3kπ kπ  1 = + − cos  cos − ∑ 2   4 4  9 57 4 57 9 57 k =1 k  19 + 3  



π2



=



1



π2 4 57



+



∞



∞



k



1  19 − 3   3kπ kπ  − cos  cos  ∑ 2   4 4  9 57 k =1 k  19 + 3   2



k



1  19 − 3   kπ 3kπ  − cos  cos  ∑ 2   4 4  k =1 k  19 + 3  



(10)



We also use Maple to verify the correctness of (10). >evalf(Doubleint(1/(11-8*sin(3*x+6*y-Pi/4)),x=Pi/3..5*Pi/6,y=Pi/4..3*Pi/4),18); 0.309256424197624511 >evalf(Pi^2/(4*sqrt(57))+2/(9*sqrt(57))*sum(1/k^2*((sqrt(19)-sqrt(3))/(sqrt(19)+sqrt(3)))^k*(cos(3*k*Pi/4) -cos(k*Pi/4)),k=1..infinity),18);



The imaginary part of the above answer obtained by Maple is zero, so can be ignored.



4. Conclusions As mentioned, the Fourier series method and the integration term by term play significant roles in the theoretical inferences of this study. In fact, the applications of these two methods are extensive, and can be used to easily solve many difficult problems; we endeavor to conduct further studies on related applications. On the other hand, Maple also plays a vital assistive role in problem-solving. In the future, we will extend the research topic to other calculus and engineering mathematics problems and solve these problems by using Maple. These results will be used as teaching materials for Maple on education and research to enhance the connotations of calculus and engineering mathematics.



5. References [1] R. J. Stroeker and J. F. Kaashoek, Discovering Mathematics with Maple : An Interactive Exploration for Mathematicians, Engineers and Econometricians, Basel: Birkhauser Verlag, 1999. [2] D. Richards, Advanced Mathematical Methods with Maple, New York: Cambridge University Press, 2002. [3] M. L. Abell and J. P. Braselton, Maple by Example, 3rd ed., New York: Elsevier Academic Press, 2005. [4] C. T. J. Dodson and E. A. Gonzalez, Experiments in Mathematics Using Maple, New York: Springer-Verlag, 1995. [5] J. S. Robertson, Engineering Mathematics with Maple, New York: McGraw-Hill, 1996. [6] F. Garvan, The Maple Book, London: Chapman & Hall/CRC, 2001. [7] C. Tocci and S. G. Adams, Applied Maple for Engineers and Scientists, Boston: Artech House, 1996. [8] D. V. Widder, Advanced Calculus, Englewood Cliffs, N. J. : Prentice-Hall, chap. 6, 1961.



Chii-Huei Yu, IJRIT



30



[9] L. Flatto, Advanced Calculus, Baltimore: The Williams & Wilkins, chap. 11, 1976. [10] C.-H., Yu, “Application of Maple: using the evaluation of double integrals for an example,” Proceedings of 2013 International Conference on Intercultural Communication, Nan Jeon Institute of Technology, Taiwan, pp. 294-302, February 2013. [11] C.-H., Yu, “Application of Maple on evaluation of four types of double integrals,” Proceedings of 2013 Business Innovation and Development Symposium, Mingdao University, Taiwan, B20130117002, March 2013. [12] C.-H., Yu, “Application of Maple on solving double integral problems,” Proceedings of 2012 cross-strait Electromechanical and Industry Cooperation Conference, Ta Hwa University of Science and Technology, Taiwan, O06, November 2012. [13] C.-H., Yu, “Application of Maple: taking the study of two types of double integrals as an example,” Proceedings of SAE Seventeenth Vehicle Engineering Symposium, Nan Kai University of Technology, Taiwan, pp.856-860, November 2012. [14] C.-H., Yu, “Application of Maple: using the infinite series expressions of double integrals for an example,” Proceedings of UHC2012 Sixth High Quality Family Life Key Technology Symposium, Kun Shan University, Taiwan, pp. 211-214, October 2012. [15] C.-H., Yu, “ Application of Maple: taking the evaluation of double integrals by Fourier series as an example,” Proceedings of ISC2012 Sixth Intelligent Application of Systems Engineering Symposium, Far East University, Taiwan, H2-6, May 2012. [16] C. -H. Yu, “ Using Maple to study the double integral problems,” Applied and Computational Mathematics, vol. 2, no. 2, pp. 28-31, April 2013. [17] T. M. Apostol, Mathematical Analysis, 2nd ed., Boston: Addison-Wesley, p269, 1975.



Chii-Huei Yu, IJRIT



31



























[image: a randomised, double-blind controlled study]
a randomised, double-blind controlled study












[image: Integrals-Wikipedia_Pages_on_Integral_Definitions.pdf]
Integrals-Wikipedia_Pages_on_Integral_Definitions.pdf












[image: ON THE RATIONALITY OF PERIOD INTEGRALS AND ...]
ON THE RATIONALITY OF PERIOD INTEGRALS AND ...












[image: fourier integrals]
fourier integrals












[image: Integrals-Wikipedia_Pages_on_Integral_Definitions.pdf]
Integrals-Wikipedia_Pages_on_Integral_Definitions.pdf












[image: Integrals-CÃ lcul arees.pdf]
Integrals-CÃ lcul arees.pdf












[image: study of the double mathematical pendulum | i ...]
study of the double mathematical pendulum | i ...












[image: Computing multiple integrals involving matrix ...]
Computing multiple integrals involving matrix ...












[image: Complex Integrals (final).pdf]
Complex Integrals (final).pdf












[image: Choquet Integrals for Symmetric Ca]
Choquet Integrals for Symmetric Ca












[image: 'Double Tick' On WhatsApp Prima Facie Shows Summons Have Been ...]
'Double Tick' On WhatsApp Prima Facie Shows Summons Have Been ...












[image: 'Double Tick' On WhatsApp Prima Facie Shows Summons Have Been ...]
'Double Tick' On WhatsApp Prima Facie Shows Summons Have Been ...















A Study on Double Integrals






This paper uses the mathematical software Maple for the auxiliary tool to study two types of ... The computer algebra system (CAS) has been widely employed in ... 






 Download PDF 



















 168KB Sizes
 1 Downloads
 341 Views








 Report























Recommend Documents







[image: alt]





a randomised, double-blind controlled study 

mean arterial pressure (MAP) changes from baseline. Results: BP reduction in .... the use of a Walkman as a control will be related to in the Discussion section.














[image: alt]





Integrals-Wikipedia_Pages_on_Integral_Definitions.pdf 

Lebesgue. â€“Stieltjes integration 27. Motivic integration 30. Paley. â€“Wiener integral 31. Pfeffer integral 32. Regulated integral 33. Riemann integral 35. Riemann.














[image: alt]





ON THE RATIONALITY OF PERIOD INTEGRALS AND ... 

is a Galois splitting field of G. This is the content of Theorem 7.6, expressing mâˆ’1 ..... the Ash-Stevens distribution modules appearing in the definition of a p-adic.














[image: alt]





fourier integrals 

1 sin(1 )x sin(1 )x. 1 (1 )sin(1 )x (1 )sin(1 )x. 1. 1. 2. 1. (1 ) sin cos cos sin. (1 ) sin cos cos sin. 1. 1. 1 2sin. 2sin. 1. (1. ) x x x x x x x x Ï€ Ï€ Ï€ Î» Î» Î» Î» Î» Î» Ï€.














[image: alt]





Integrals-Wikipedia_Pages_on_Integral_Definitions.pdf 

Page 2 of 54. Contents. Articles. Bochner integral. 1. Daniell integral. 3. Darboux integral. 5. Henstock–Kurzweil integral. 8. Homological integration 11. Itō calculus 12. Lebesgue integration 19. Lebesgue. –Stieltjes integration 27. Motivic integra














[image: alt]





Integrals-CÃ lcul arees.pdf 

... de calcular aquestes Ã rees. Ã€rea de figures planes. â€¢ Ã€rea limitada per la grÃ fica d'una funciÃ³ contÃnua, l'eix d'abscisses i les rectes x = a i x = b. Page 1 of 5 ...














[image: alt]





study of the double mathematical pendulum | i ... 

Let S be a submanifold of the space X. Denote by iS : S ! X the inclusion map. ...... Press. Princeton. N.Y. 1973. 10] H. Poincar e. Les Methodes Nouvelles de la.














[image: alt]





Computing multiple integrals involving matrix ... 

Aug 3, 2006 - Key words: multiple integrals, matrix exponential. ... the context of filtering theory, as the system noise covariance matrix of the extended ...














[image: alt]





Complex Integrals (final).pdf 

HMK We say that the arc L is rectifiable if the least upper bounds (or supremum) of the. sums. |GK âˆ’ GN. | + |GO âˆ’ GK. | + â‹¯ + |GL âˆ’ GLJK|.....(i) taken over all ...














[image: alt]





Choquet Integrals for Symmetric Ca 

published online January 17, 2002 ... (i) the decision maker respects (Ak), (ii) f is a polynomial of degree k, (iii) the weight of all coalitions with ..... We then get: Tk.














[image: alt]





'Double Tick' On WhatsApp Prima Facie Shows Summons Have Been ... 

'Double Tick' On WhatsApp Prima Facie Shows Summons Have Been Delivered.pdf. 'Double Tick' On WhatsApp Prima Facie Shows Summons Have Been ...














[image: alt]





'Double Tick' On WhatsApp Prima Facie Shows Summons Have Been ... 

... is being passed against the respondent, in the. larger interest of justice. Put up for further proceedings on 04.05.18. (Surabhi Sharma Vats). MM/Mahila Court01/East/KKD/Delhi. 11.04.18. Page 2 of 2. Main menu. Displaying 'Double Tick' On WhatsAp


























×
Report A Study on Double Integrals





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















