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L‘-%*-;’_I Semester-3(B.Tech)
Subject '(‘nmplcx\":u‘iuhicsmulI’:u‘ﬁuI! dilferential Equations(BIET2XX13218)

Typeof conrse:Major(Core)

Prerequisite: Partial differentiation, chain rule, and multiple integration, Differential Equations.

Complex Numbers.

Rationale: This courseprovides the essential mathematical tools forengineeringmodeling. fluid
dvnamics. heat transfer. and structural mechanics. Moving beyond basic caleulus, students learn
lc; formulate and solve Partial DifTerential Equations (PDEs) that govern real-world systems
changing across time and space. Additionally, the study of complex variables and conformal
mappingallows students to transform irregular geometric boundaries into simplified domains for
easier practical analysis. Emphasizing a Proficient Learning Method (PLM), the course focuses
on active engineering applications, software-assisted visualization, and hands-on case studies
over theoretical proofs equipping students with the diagnostic and analytical skills necessary to
simulate and optimize complex technical systems.

TeachingandExamination Scheme:

TeachingScheme Credits ExaminationMarks |
— LS P C SEE CCE TotalMarks
4 0 0 4 100 50 130 a

Course Content:

Sr. Course Content H g
No rs. Weightage

ComplexNumbers&Elementary Functions '

Polarformofcomplexnumbers,powers,androots,Differentiation
ofcomplex variables, Cauchy-Riemann equations, and analvticity, ‘

Harmonic functions and finding the harmonic conjugate,
Exponential, trigonometric, and logarithmic functions and their .
properties.
1 | SrNo. | EvaluationMethods SEE | CCE 12 20%
| Harmonic Conjugate lQﬁfﬁi o
Reconstruction Exam 7
Validatingharmonicprofilesand [}/ /"
finding their corresponding
orthogonalprofilestobuildan
analytic function,
2 SeparationTest; _
| S—
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R
Sphlun"llansccndenl.llcumplc |
configurations into real and |
imaginarystructurc estolocate

ZCT0S. N | _
The Analyticity Audit: 10
Students receive a [lawed
mathematical proof claiming a
non-differentiable function is
analytic. They must act as
"auditors." isolate the
logic/derivative errors using
Cauchy-Riemannequations.and
writcarcportcorrectingit.

Total: 20 10

e Description of CCE: The Analyticity Audit (10 Marks): A

diagnostic workflow task where students assume the role of an
auditortoinspectlawedmathematicalclaims,isolatestructural
"logic cracks" using Cauchy-Riemann criteria, and file a
correction report.

o

CGYANMANJARINSTHUTEOFTECHNOLGY

ConformalMappings&Complex Integration

Conformalmappings,Mabiustransformations.andtheirproperties,
ContourintegralsandtheCauchy-Goursatthcorem(withoutproof),
Cauchy Integral formula (without proof), Liouville’s theorem, and
the Maximum-Modulus theorem (without prool).

SrNo. | EvaluationMethods SEE CCE
| An open-book written 20
assignment R
2 "Property Showdown™ Quiz 10 2 20%
A fast-paced, conceptual |
multiple-choiceorshort-answer r
quiz focusing strictly on
qualitativetheorems. :
Total: 20 10 i
¢ Description of CCE: "Property Showdown" Qulz (10 s,
Marks): A rapid-fire, high-cngagement short-answer o5 \
checkpo|nltcsllngastudcnt‘squal1lat|v<.]=mapuﬁ.uu.absira~£/ \ N\
theorems (such as Liouville's and Maximum-Modulus | { §1 A I
principles). \ \
= {.'\ - :,{:‘
Sequences,Series,andPowerSeries 2 20%
Sequences,series.andconvergencetests,Powerseries,uniform
ComplexVariablesandPartial Differential Equations Page2ol3
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comvergence.andfunctionsgivenby powerserjes, |
Maclaurin series.

'SrNo. | EvaluationMethods

'I:l;t._“iTn_vInuu\ppl'tn imation"
Lab

A technology-assisted, open-
endedpracticalexamlocusing
onuniformconvergenceand

approximation errors.
MaclaurinExpansionShort
Video

Students record a 3-minute
screen-shareorwhiteboardvideo
explaining how to expand a
multi-elementcomplex function
into its Maclaurin series.

GY ANAVIAN AHINSTH Y rorT) CHNOLGY

SEL,
20)

* Description of SEE: Taylor Approximation Software Lab
(20 Marks): A technology-assisted practical examination
ulilizingDcsmostoevalualcuniI"ormconvergenccboundarics
and compute polynomial approximation errors dynamically.

* Description of CCE: Maclaurin Expansion Short Video (10
Marks): An interactive digital assignment where studentsrecord
a 3-minute screen-share or whiteboard lecture explaining
lhemuIti~eIemcntexpansionmcchanicsofcomplcxpowcr
serics.

| __'I'uta Ix

20

avlorseriesand

CCE

10

First-OrderPartialDifferential Equations (PDEs)

Formationandconceptsoffirst-orderpartialdifferentialequations.
Solutions of first-order linear and nonlincar PDEs, Derive PDE
from Eliminating arbitrary constant and Functions, Langrage
method, Charpit’s Method for solvingnon-linear first-order PDEs.

SrNg,

EvaluationMethods

SEE

CCE

Formulation Test

An applied algorithmic exam
testing the generation of
differential surfaces via
parameterelimination,Lagrange
grouping/multipliers, and
Charpit’snon-linearsolvers,

20

Complex VariablesandPartialDifferential Equations
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1~

Cnmplclcvs.Gcncr:ll Integral
Workbook _

A prnhlun-solving assignment
assessinatheclearexecutionof
usingucnmplclcinlcgm!aIung
with an arbitrary function
relation to construct a general
solution.

" Total: _

_EE_

e DescriptionofSEE:Formulation&CharpitSolverTest(20
Marks): An applied algorithmic exam checking a student's
ability to generate differential surfaces by climinating arbitrary
parameters and executing Charpit’s non-lincar steps

e Description of CCE: Complete vs. General Integral
Workbook(10Marks):Astructuredproblem-solvinglog '
trackingthesystematicbridgingofcompleteintegralswith
arbitrary functionconfigurationstoformulategeneral PDE
solutions.

i

10

problems

in Cartesian coordinates.

Higher-OrderLinear PDEs& BoundaryValueProblems.

I lomogeneous and nonhomogencous linear partial differential
equations of second and higher order, Complementary function
(CF)andParticularlntegral(Pl)methods,Classilicationofsecond-
order linear equations; understanding initial and boundary
conditions, Separation of variables method applied to simple

SrNo.

EvaluationMethods

SEE

CCE

TechnicalCase Study

An applied engineering report
where students modcl a real-
world physical system into a
second-order PDE and solve it
completelyusingtheseparation
of variables method.

20

12 20%

Vivavoce

0 T

Total:

20

10

e Description of SEE: echnical Case Study Report (20
Marks):Aprofessionalcapstonereportwherestudentsmodel an
engineering infrastructure system (e.g., heat conduction or
wave propagation) into a second-order PDE and solve it
completely

Complex VariablesandPartialDifferential Equations
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SuggestedSpecificationtablew ith Marks:

Distribution of Mayks
(RevisedBloom s Taxonom )

Remembrance Understanding | Application

Y ANMANTARIINS 1Y TEOTTECHINOL GY

Analyze | Evaluate | Create
Level : \na aluate reate
(R) (th (A) 1N (| ()
Weightag |
¢ [""n I .:\" " “]q';. ‘ an 10", | I m A
% ‘
Course Outcomes:
Afierlearningthe course thestudents shouldbeable to: _
COl Verify functions for analyticity using Cauchy-Riemann cquations and construct
harmonicconjugatestomapsteady-statephysicalfields(liketTuid loworheat).
co2 ApplyMdbiusandcon formaltransformationstomapcomplex ecometrichoundarics, and
solve complex contour integrations using the Cauchy Inteeral Formula.
CO3 Expandcomplex-valuedlunctionsintoTaylorandLaurentseriestoevaluate singulanities
and approximate system behaviors.
CcO4 Formulateandsolvefirst-orderlinearandnon-linearpartialdilTerentialequations (PDEs)
using Lagrange and Charpit methods to model dynamic surlaces.
COs5 Classifysecond-order lincar PDEs andapplythe separation ofvariables method to
solveboundaryvalueproblemsrepresentingphysicalphenomena(e.g¢..heatequation. wave
equation).

InstructionalMethod:

Thecoursewillbedeliveredusingtraditionalelassroomteachingsupportedbyactiveand
application-based learning strategies appropriate for engineering students. In addition to

blackboard teaching, the instructor will use:

«  Open-book learning and guided problem-solving for conformal mappings and
I)ou|1derlr.1nhfurm.1l|ons utilizingtextbooksandnotebookstotocuson: mph\.‘munm\i

memorization.

« Diagnosticand Audit-basedpracticeforidentifying"logiccracks” mdm\.umprmh .md

verification profiles through “The Analyticity Audit".

. 6raphlcaland\'lsuaImethmis!ow15u1[umgmmplt‘\m\\cnsumu.ﬂ'\\c "c:mclumh. pole

singularities, and 3D surface profiles of PDEs.

ComplexVariablesandPartialDifferential quations
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¢+ Active Learning Assignments (ALA) includin;z
qualitativetheoremsandstructuredproblem
versus peneral integrals.

*  Mini-projectsandengineeringensestudieslikerle
model and solve real-lite physical infrastruete ¢
variables method.

. lnter:wli\o:\sscssnu‘nislIu'nmlh"l‘r;lclicnlI‘rrrium:mccl,xaun.”scrccn-slmruui:lcn
lectures, and live "Viva Voce" delenses (o reinforee coneeptual understanding.

» Internalevaluationbasedonpreseribed SEFandC ) components,trackingstudent
progress via audit reports, convergence logs, programming files, and oral defenses.

rapid conceptual checkpoints for
=solvingwo kbooksfortrackingcomplete

" TechnicalCaseStudyReport“to
quations using the separation of

ReferenceBooks:

[1].AdvancedEnginceringMathematics, BylrwinKreyszig, WileyIndiaPyt.Lid. [2].
Higher Engineering Mathematies by B.S. Grewal (Khanna Publishers)
[3].CaleulusandAnalyticGeometrybyG.B. Thomasand R.L.Finney (Pearson). [4].
Basic Engincering Mathematics by John Bird (Elsevier/Newnes)

Suggestive Rubrics:

ﬁggestivee\ssessmcﬁiGuidclincs:
Modulel:

ALA:TheAnalyticity Audit (10 Marks)

. IOMarks:AIlIogicanddcrivaliveermrssuccessfuHydiagnosedandcurrectedusing
Cauchy-Ricmann equations with professional-grade engincering justifications.

« 08Marks:MosterrorsidentifiedusingCauchy-Ricmannequations:correctionsare
accurate but justifications are brief.

* O5Marks:ldentificdbasicderivativeerrorsbutstruggledwithcomplexharmonic
conjugate reconstruction or multi-variable logic.

* 02Marks:Minimalidentificationoferrors;unabletoprovidecorrectalternativesor apply
analyticity conditions.

« 00Marks:Not submitted.
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Module2:

A L.-\:"I’mpcrl_\':ihm\‘dm\-n”()uia{ [OMarky)

. llll\hirlis:l-'in\\lcxsqualit:ni\'cruu:\uni|1g~.uml|wrlb
across all short-answer theorem questions,
O8Marks:Strongeonceptualunder
minor theoretical nuances,

* 05 Marks: Understands standard computitiong|

cleonceptualmaster vdemonstrated

standingshow naanswersy caccuratehutimissipe

applications but lacks verbal or
I.muviilu'snrM:u\inmm-Mmlulm.
oremeonditions:unable

coneeptualprecisionforqualitat ivetheoremslike
02Marks:Limitedeomprehensionofile
qualitative properties,

*  00Marks:Not submitted,

| (otdentifybasic
|

|

|

—

[ Moduled: —

* CCE/ALA:Maclaurin ExpansionShortV ideo(10 Marks)

|

!

B 1ll.\l:lrks:Highiyprufcssional3-111inuluvidcudc]i\'cry:_ﬂ:lwlcs:\'\-'crh;tI:umlvixual
breakdown of multi-element complex function serics expansion.

. US-.\1:1rks:Succcssi'ulvidcowulklh:‘ough:scricscxpnn;;innslepsarcnucm‘uLchulthc oral
explanation lacks fluid transitions.

. 05M:x1'ks:Calculalcdexpansionlermscorrcullyinlhcrecanling.bullhccxplarmlion fails
to articulate the underlying convergence logic clearly.

. {121\1:1rks:MinimaIef‘fonincxp]analion:videoconlemcomainssigniF'rcant
mathematical errors during expansion steps.

* 00Marks:Not submitted,

. SREIESE:The"TuylorA|)pr0xim:1tion"SUftw:areL:lb(zﬂl\'larks)

* 20 Marks: Exceptional technology-
boundariesandcomputingpolynomia
precision.

assisted logs tracking uniform convergence
Iappmximationcrrorsdynumicali_\f\\-'ilhperl'ect

16Ma rlas:Accuraleuseofsnf'twarclogcneralcpm\'crscries;conv
correct but lack deep error analysis.

. lllMarks:Gcncratcsslandard']‘ayIor!MacIaurin plotsbutfailsto
evaluate uniform convergence zones near boundarics.

- {lSMurks:Pourexecutionofsoﬂwaretoois;visuali?ﬂliondoesnnt|_n:ﬂchth_c_
mathematical limits of the series, ey N2
* U0OMarks:Not submitted,

ergencelogsare

accuratelytraceor

Moduled:

. CCE!ALA:Complelcvs.Gener:tllnteg alWorkbook(10Marks)

. l{IMarks:Flawlcsswnrkbuuklmcking;impeccuh!cpalhIugic_m_;lppinglIwcmm_vclm_n

4 . . gun . ~ . Yaup
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between Lompiclcmlt_m 1|\.mdmhllmrv!um.tmnalm_cnu.uc eeneralPDEsolutions.
08Marks:Correctworkbooklormattingandmathematic: ilstepswithminornotation gaps
in dependency tracking.

«  (O5Marks:Wor |\hﬂ(‘l|\'II'ILIIIdL‘SSl{lI'I(h'II'di'l‘l.lcgl';lliu|15|~,ll|1;1cl;\llc]c-|| logicalMowwhen
constructing the general solution.

o 02Marks:Poorlystructurednotes:failstocorrectlylink variahlesoreliminate
arbitrary parameters.

o 00Marks:Not submitted.

o SEE/ESE:Formulation Test(20Marks)

10Marks: FormulatesbasiclinearPDEsromparametereliminationbutbreaksdown
entirely during non-lincar Charpit setups.
05Marks:Significantdifficultyformulatingequations;unabletosetuplagrange
grouping parameters accurately.

o« 00Marks:Not submitted.

| Modules:
e CCE/ ALA:VivaVoce(10 Marks)

« 10Marks:Confidentlivedefense;flawlessuseoftechnicalvocabularytoexplain
second-order PDE classifications and initial/boundary values.

« 08Marks:Accuratcoraldescriptionsofsolutionsteps;minorhesitationwhen
explaining physical boundary states.

« 05Marks:CanidentifybasicPDEcategoriesbutrequiresconstanipromptingto
explain how initial conditions apply to the solution.

« 02Marks:Unabletodefinecoreengineeringmathterms:cannotverballyjustify
solution steps.

« 00Marks:Not submitted.

¢ SEE/ESE:TechnicalCaseStudy(20Marks)

05Marks:Poorsystemmodeling;theselectedsolutiontechniquedoesnotalignwith the
given boundary conditions.
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o 20Marks:FlawlessconstructionoldifferentialsurfacesusingLagrangemultipliersand
accurate execution of Charpit’s non-lincar solver steps.

« 16Marks:SuccessfulgenerationofPDEs:auxiliaryequationsaremostlycorrectwith minor
computational errors.

L]

« 20Marks:Exceptionzlengineeringreport;perfectlymodelsaphysicalsystemintoa
second-order PDE and solves it completely via separation of variables.

« 16Marks:Mathematicallysoundcasestudy:appliesseparation ofvariablesaccurately but
has minor slips calculating final Fourier coefTficients.

« 10Marks:CorrectlyclassifiesthephysicalPDE(heat/wave)butstrugglestomatch
boundary parameters to complete the engineering solution.

L
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