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Abstract: Mathematics is an integral part of the study of engineering regardless of which branch of engineering is 
chosen. In this article, we suggest a blending of analytical approach and use of internet technology for interactive 
teaching of computationally oriented undergraduate engineering mathematics. In recent years, an increasing number 
of web sites have offered significant material which is publically available. We believe that integrating the traditional 
method, such as with chalks and black board, with screen projections from the web pages for better visualization surely 
increases depth of content knowledge and pedagogy through inquiry and reflective practices.  

In this paper, we shall discuss how internet technology is useful for some of the topics like differential equations, linear 
algebra, numerical methods, of engineering mathematics while teaching in a class. There are numerous sites 
explaining the concepts in depth as well as providing examples related to field in different branches of mathematics. 
Students can learn the material themselves also. Video lectures delivered by experts in the field to the students of 
recognized institutes are also available on the internet. Many e-books are also freely downloadable. 

Introduction 

A sound understanding of basic mathematical concepts is highly essential for an engineer especially 
working in Research and Development Department of majority of engineering fields. For example, 
an engineer working on some vibration problem must have thorough knowledge of ordinary and 
partial differential equations, Fourier series and Fourier Transforms, Laplace Transforms, 
Numerical methods, etc. Similarly, an electrical and electronics engineer requires the understanding 
of almost all mathematical concepts, varying from the factors of a polynomial to optimization of a 
nonlinear function with several constraints. A computer engineer needs to learn Discrete 
Mathematics, Number Theory, Solid Geometry, etc. It is a different issue that should we teach all 
concepts of engineering mathematics, even if they are irrelevant to their branch, to every student of 
engineering. 

Despite of the fact that Mathematics is highly essential for the strong foundation of engineering, 
students are less interested in mathematics. Their approach towards learning mathematics, remains 
limited to solving problems mechanically and pass the subject, if possible, with higher grades. 
From the experiences of teaching students at degree engineering level, we reveal that some of the 
mathematical concepts are difficult to grasp. As an example, consider the concept of a limit. Using 
only blackboard, students with sufficient passion can learn mechanically to find the limit. But, there 
is no guarantee that they even have understood the concept. Of course, effect of changing epsilon 
on delta can be explained by drawing several graphs. But, there are limitations regarding time, 
drawing ability of the instructor, etc. Similarly, the concepts which require geometrical 



visualization, such as area between curves, the volume bounded by intersection of two or more 
surfaces are difficult for the instructor to convey. 

ICT tools are highly useful in such cases. These cognitive tools influence the way we develop 
mathematical concepts and connections. They are reorganizers rather than amplifiers. If the 
thinking of the learner qualitatively gets transformed when he interacts with technology, it should 
be called reorganization [1]. Software and websites provide a learning environment for exploration 
and investigation. They integrate different representations and stimulate reflection. As per the quote 
of Veteran Teacher at Scales, “Technology truly transfixes the student’s focus. They are 100 
percent engaged. They are so engaged, they don’t even realize how much of the curriculum is tied 
in” [2]. 

However, ICT tools should be considered as supplementary tools. They should not be considered as 
complete replacement of the blackboard work. In fact, by collecting the opinions of several students 
and faculties, we realize that students remain conscious while solving problems on blackboard and 
hence better understand the technique of solving the problem. There was a negative opinion 
towards power point presentations also, especially in the subject of mathematics. So, we suggest a 
blending of the two approaches. The exhaustive list of ICT tools is clearly impossible. This paper 
highlights some of the ICT tools freely available at different sites.  

Some of the known ICT tools 

We discuss here applets and animations, video lectures and e-books as ICT tools, useful in different 
branches of mathematics. 

Applets and animations 

Calculus The applet given at [3] demonstrates understanding of what it means for a function to 
have a limit at a point and calculate limit of functions. 

           

Fig.1 Epsilon and delta regions                                Fig.2 A discontinuous function 

It shows the regions representing the epsilon neighborhood (yellow region) and delta neighborhood 
(blue region) for different values of epsilon and delta (Fig.1) Similarly, the applet given at [4] 



demonstrates the functions having different types of discontinuities. The graph of  a wiggly 
function is shown in Fig.2.  

The following figures are snapshots of the applets demonstrating the area between two curves [5] 
and volume bounded by revolution of a surface [6].  

      

Fig.3 Area between two curves                                  Fig.4 Volume of revolution of a surface 

Graphing Calculator 

Graphs explain the behavior of the function clearly. But manually drawing the graph on blackboard 
is time consuming and there are higher chances of inaccuracy. So, generally teachers avoid drawing 
the graphs. As a result, student’s familiarity with some of the standard functions remains poor.  

 

                                  Fig.5 Graphing Calculator 

However, the graphing calculator available at [7] is useful to draw the graph of any function.  

 

Theory of Transforms 



The animation available at [8] demonstrates the convergence of Fourier Series. The animation 
shows the effect of adding terms one by one. After certain number of terms, the graph of the sum of 
terms coincides with the graph of the original function, which indicates that the series converges to 
the given function. Fig.6 shows the graph of the function having sum of 13 terms of the Fourier 
series representing the constant function  

                      

Fig.6 Fourier Series Animation           Fig.7 Magnitude Surface by Laplace Transform 

The applet available at [9]  shows a surface plot of the magnitude of the Laplace Transform of a 
system with a pole at –a (Fig.7).  

Differential Equation 

 

   Fig.8 Solution of Bessel’s equation with p = 0.5  

The applet in Fig.8 shows the solution of the Bessel’s equation with a particular value of p and with 
specified initial condition [10].  

 

Matrix Algebra 



Matrices are useful in transformations such as reflection, rotation, etc. The effects of applying such 
transformations on a point are better visualized by the applet available at [11]. (Fig.9) 

 

                     Fig.9 Matrix Transformations 

Numerical Methods 

The applets available at [12] indicate the convergence of approximations by Bisection Method 
(Fig.10) and curve fitting by Lagrange and Newton Polynomials, respectively. (Fig.11) 

                

Fig.10 Bisection Method                                                  Fig.11 Lagrange and Newton Polynomials 

Sequence and series 

The applet available at [13] given in Fig.12 shows the comparison test for two series. The applet 
given in Fig.13 shows the graph of the values of a sequence and the partial sums of the sequence. 



    

Fig.12 Comparison test                               Fig.13 The terms of a sequence and its partial sums 

Complex Analysis 

The following applet[14] shows the composition of the airfoil with a cubic function. 

 

                          Fig.14 Composition of Airfoil with a square function 

 

Video lectures 

An important site for web courses is [15]. It is the site of National Program on Technology 
Enhanced Learning (NPTEL) funded by Ministry of HRD, Government of India. The site offers 
1016 web courses pertaining to different disciplines of engineering including mathematics.  



 

                                Fig.15 A video lecture at NPTEL 

 

        Fig.16 z and Fourier Transform Relationships 

There are many video lectures available at [16] for almost all topics in nearly every subject.  Fig.16 
is a snapshot of one such video lecture which describes the relationship between z transform and 
Fourier transform. 

Free e-Books 

Every book reflects a different perspective of the author about the content. That is why, referring 
different books on the same topic may enhance our understanding. Besides, different examples on 
the same topic are also helpful in this matter. So, free e-books are worth to look at. Some of the 
sites where such books available are [17,18]. 



Conclusion 

We conclude our paper by observing that many of the topics we discussed are better understood if 
ICT tools are used. It is difficult and time consuming, if not impossible, to visualize these concepts 
using only black board. However, keeping in mind, the general opinion from the students, we 
believe that the mathematical steps involving simplification of equations are better understood 
using blackboard. So, we suggest the blending of the two approaches. More specifically, ICT tools 
can be used for the interpretation of the results. In this sense, ICT tools play a supplementary role in 
enhancing the understanding. 

Acknowledgement 

We are thankful to G H Patel College of Engg. & Tech. , Vallabh Vidyanagar, Gujarat, India for 
providing us the facilities and the resources necessary to prepare the paper. We are also thankful to  
Prof  Kumar Trivedi for helping us download various applets. 

References 

[1] Anne Berit Fuglestad, Student’s use of ICT tools : Choices and Reasons, Proceedings of the 29th 
Conference of the International Group for Psychology of Mathematics Education , Volume 3 
Department of Science and Mathematics Education, University of Melbourne, 2005. 

[2] Science, Technology, Engineering and Math, SETDA, September 2008 , Stakeholder Advisory 
Committee Roundtable Meet Report.     

[3] http://www.math.psu.edu/dlittle/java/calculus/ 
[4] http://calculusapplets.com/limitsfail.html/          
[5] http://cs.jsu.edu/~leathrum/Mathlets/twocurves.html  
[6] http://www.math.umn.edu/~rogness/mathlets.shtml 
[7] http://www.math.com/students/graphing.html 
[8] http://www.physics.miami.edu/%7Enearing/mathmethods/square-sine-series.html 
[9] http://cnyack.homestead.com/files/alaplace/lt1rpm.htm 
[10] http://www.falstad.com/diffeq/ 
[11] http://www.falstad.com/matrix/ 
[12] http://www.math.fullerton.edu/mathews/n2003 
[13] https://wiki.eee.uci.edu/index.php/Sequence_&_Series#Annotated_References 
[14] http://www.math.ttu.edu/~pearce/complex/complexviewer.html 
[15] http://www.nptel.iitm.ac.in/ 
[16] http://www.youtube.com/ 
[17] http://www.getfreeebooks.com/?tag=mathematics 
[18] http://www.freebookcentre.net/ 
[19] Sudhir R. Ghorpade, Teaching Calculus using Internet : Some Experiments and  Experiences, 

Department of Mathematics, Indian Institute of Technology, Bombay, Powai,  400 076, India. 
[20] Sarmite Cernajeva, Irina Eglite, Use of Information and Communication Technologies in 

Mathematics studies in Engineer Education at the Riga Technical University Riga. 
[21] Flores, A., Knaupp, J.E., Middleton, J.A., & Staley, F.A. (2002). Integration of technology, 

science, and mathematics in the middle grades: A teacher preparation program Contemporary 
Issues in Technology and Teacher Education [Online serial], 2(1).  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


