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CODE  SUBJECT      T P C 
 
   Managerial Economics and Financial Analysis  4+1* - 4 
   Environmental Studies     4+1* - 4 
   Linear and Digital IC Applications    4+1* - 4 
   Power Systems-I      4+1* - 4 
   Electrical Machines-II     4+1* - 4 
   Control Systems      4+1* - 4 
   IC and Pulse and Digital Circuits Lab   - 3 2 
   Electrical Machines Lab – I     - 3 2 
     
  Total       30 6 28 
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MANAGERIAL ECONOMICS AND FINANCIAL ANALYSIS 
 
Unit I Introduction to Managerial Economics: 
Definition, Nature and Scope of Managerial Economics–Demand Analysis: Demand Determinants, Law 
of Demand and its exceptions. 

 
Unit II Elasticity of Demand:  
Definition, Types, Measurement and Significance of Elasticity of Demand. Demand Forecasting, Factors 
governing demand forecasting, methods of demand forecasting (survey methods, statistical methods, 
expert opinion method, test marketing, controlled experiments, judgmental approach to demand 
forecasting) 
 
Unit III Theory of Production and Cost Analysis:  
Production Function – Isoquants and  Isocosts, MRTS, Least Cost Combination of Inputs, Cobb-
Douglas Production function, Laws of Returns, Internal and External Economies of Scale.  
Cost Analysis: Cost concepts, Opportunity cost, Fixed vs. Variable costs, Explicit costs Vs. Implicit 
costs, Out of pocket costs vs. Imputed costs. Break-even Analysis (BEA)-Determination of Break-Even 
Point (simple problems)- Managerial Significance and limitations of BEA. 
 
Unit IV Introduction to Markets & Pricing Policies:  
Market structures: Types of competition, Features of Perfect competition, Monopoly and Monopolistic 
Competition. Price-Output Determination in case of Perfect Competition and Monopoly.  
Objectives and Policies of Pricing- Methods of Pricing: Cost Plus Pricing, Marginal Cost Pricing, 
Sealed Bid Pricing, Going Rate Pricing, Limit Pricing, Market Skimming Pricing, Penetration Pricing, 
Two-Part Pricing, Block Pricing, Bundling Pricing, Peak Load Pricing, Cross Subsidization.  
 
Unit V Business & New Economic Environment:  
Characteristic features of Business, Features and evaluation of Sole Proprietorship, Partnership, Joint 
Stock Company, Public Enterprises and their types, Changing Business Environment in Post-
liberalization scenario. 
 
Unit VI Capital and Capital Budgeting:  
Capital and its significance, Types of Capital, Estimation of Fixed and Working capital requirements, 
Methods and sources of raising finance. 
Nature and scope of capital budgeting, features of capital budgeting proposals, Methods of Capital 
Budgeting: Payback Method, Accounting Rate of Return (ARR) and Net Present Value Method (simple 
problems) 
 
Unit VII Introduction to Financial Accounting:  
Double-Entry Book Keeping, Journal, Ledger, Trial Balance- Final Accounts (Trading Account, Profit and 
Loss Account and Balance Sheet with simple adjustments). 
 
Unit VIII Financial Analysis through ratios:  
Computation, Analysis and Interpretation of Liquidity Ratios (Current Ratio and quick ratio), Activity 
Ratios (Inventory turnover ratio and Debtor Turnover ratio), Capital structure Ratios (Debt- Equity ratio, 
Interest Coverage ratio), and Profitability ratios (Gross Profit Ratio, Net Profit ratio, Operating Ratio, P/E 
Ratio and EPS). 
 
TEXT BOOKS: 
 
1. Aryasri: Managerial Economics and Financial Analysis, 2/e, TMH, 2005. 
2. Varshney & Maheswari: Managerial Economics, Sultan Chand, 2003. 
 
REFERENCES: 
 
1. Ambrish Gupta, Financial Accounting for Management, Pearson Education, New Delhi. 
2. H. Craig Peterson & W. Cris Lewis, Managerial Economics, PHI, 4th Ed.  
3. Suma Damodaran, Managerial Economics, Oxford University Press.  
4. Lipsey & Chrystel, Economics, Oxford University Press. 
5. S. A. Siddiqui & A. S. Siddiqui, Managerial Economics & Financial Analysis, New age International 

Space Publications. 
6. Domnick Salvatore: Managerial Economics In a Global Economy, 4th Edition, Thomson. 
7. Narayanaswamy: Financial Accounting—A Managerial Perspective, PHI. 



8. Raghunatha Reddy & Narasimhachary: Managerial Economics& Financial Analysis, Scitech. 
9. S.N.Maheswari & S.K. Maheswari, Financial Accounting, Vikas. 
10. Truet and Truet: Managerial Economics:Analysis, Problems and Cases, Wiley. 
11. Dwivedi:Managerial Economics, 6th Ed., Vikas. 
 
Prerequisites: Nil 
 
Objective: To explain the basic principles of managerial economics, accounting and current business 

environment underlying business decision making. 
 
Codes/Tables: Present Value Tables need to be permitted into the examinations Hall. 
 
Question Paper Pattern: 5 Questions to be answered out of 8 questions. 
          Each question should not have more than 3 bits. 
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ENVIRONMENTAL STUDIES 

 
UNIT - I 
Multidisciplinary nature of Environmental Studies: Definition, Scope and Importance – Need for 
Public Awareness. 
 
UNIT - II 
Natural Resources : Renewable and non-renewable resources – Natural resources and associated 
problems – Forest resources – Use and over – exploitation, deforestation, case studies – Timber 
extraction – Mining, dams and other effects on forest and tribal people – Water resources – Use and 
over utilization of surface and ground water – Floods, drought, conflicts over water, dams – benefits and 
problems - Mineral resources: Use and exploitation, environmental effects of extracting and using 
mineral resources, case studies. - Food res ources: World food problems, changes caused by 
agriculture and overgrazing, effects of modern agriculture, fertilizer-pesticide problems, water logging, 
salinity, case studies. – Energy resources: Growing energy needs, renewable and non-renewable 
energy sources use of alternate energy sources. Case studies. Land resources: Land as a resource, 
land degradation, man induced landslides, soil erosion and desertification. Role of an individual in 
conservation of natural resources. Equitable use of resources for sustainable lifestyles. 
 
UNIT - III 
Ecosystems : Concept of an ecosystem. - Structure and function of an ecosystem. - Producers, 
consumers and decomposers. - Energy flow in the ecosystem - Ecological succession. - Food chains, 
food webs and ecological pyramids. - Introduction, types, characteristic features, structure and function 
of the following ecosystem: 

a. Forest ecosystem 
b. Grassland ecosystem 
c. Desert ecosystem 
d. Aquatic ecosystems (ponds, streams, lakes, rivers, oceans, estuaries) 
 

UNIT - IV 
Biodiversity and its conservation : Introduction - Definition: genetic, species and ecosystem diversity.  
Bio-geographical classification of India - Value of biodiversity: consumptive use, productive use, social, 
ethical, aesthetic and option values - . Biodiversity at global, National and local levels. - . India as a 
megadiversity nation - Hot-sports of biodiversity - Threats to biodiversity: habitat loss, poaching of 
wildlife, manwildlife conflicts. - Endangered and endemic species of India - Conservation of biodiversity: 
In-situ and Exsitu conservation of biodiversity. 
 
UNIT - V 
Environmental Pollution : Definition, Cause, effects and control measures of : 

a. Air pollution 
b. Water pollution 
c. Soil pollution 
d. Marine pollution 
e. Noise pollution 
f. Thermal pollution 
g. Nuclear hazards 
 

Solid waste Management : Causes, effects and control measures of urban and industrial wastes. – 
Role of an individual in prevention of pollution. - Pollution case studies. - Disaster management: floods, 
earthquake, cyclone and landslides. 
 
UNIT - VI 
Social Issues and the Environment : From Unsustainable to Sustainable development -Urban 
problems related to energy -Water conservation, rain water harvesting, watershed management -
Resettlement and rehabilitation of people; its problems and concerns. Case Studies -Environmental 
ethics: Issues and possible solutions. -Climate change, global warming, acid rain, ozone layer depletion, 
nuclear accidents and holocaust. Case Studies. -Wasteland reclamation. -Consumerism and waste 
products. –Environment Protection Act. -Air (Prevention and Control of Pollution) Act. -Water 
(Prevention and control of Pollution) Act -Wildlife Protection Act -Forest Conservation Act -Issues 
involved in enforcement of environmental legislation. -Public awareness. 



 
UNIT - VII 
Human Population and the Environment: Population growth, variation among nations. Population 
explosion - Family Welfare Programme. -Environment and human health. -Human Rights. -Value 
Education.  -HIV/AIDS. -Women and Child Welfare. -Role of information Technology in Environment and 
human health. -Case Studies. 
 
UNIT - VIII 
Field work : Visit to a local area to document environmental assets River /forest grassland/hill/mountain 
-Visit to a local polluted site-Urban/Rural/industrial/ Agricultural Study of common plants, insects, birds. - 
Study of simple ecosystems-pond, river, hill slopes, etc. 
 
TEXT BOOK: 

1 Textbook of Environmental Studies for Undergraduate Courses by Erach Bharucha for 
University Grants Commission. 

2 Environmental Studies by R. Rajagopalan, Oxford University Press. 
 
REFERENCE: 
 
1 Textbook of Environmental Sciences and Technology by M. Anji Reddy, BS Publication. 
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LINEAR AND DIGITAL IC APPLICATIONS 
UNIT  I  
INTEGRATED CIRCUITS 
Classification, chip size and circuit complexity, basic information of Op-amp, ideal and practical Op-amp, 
internal circuits, Op-amp characteristics, DC and AC characteristics, 741 op-amp and its features, 
modes of operation-inverting, non-inverting, differential. 
 
UNIT  II  
OP-AMP APPLICATIONS  
Basic application of Op-amp, instrumentation amplifier, ac amplifier, V to I and I to V converters, sample 
& hold circuits, multipliers and dividers, Differentiators and Integrators, Comparators, Schmitt trigger, 
Multivibrators, introduction to voltage regulators, features of 723. 
 
UNIT  III  
ACTIVE FILTERS & OSCILLATORS  
Introduction, 1st order LPF, HPF filters.  Band pass, Band reject and all pass filters.  Oscillator types and 
principle of operation – RC, Wien and quadrature type, waveform generators – triangular, sawtooth, 
square wave and VCO. 
UNIT  IV  
TIMERS & PHASE LOCKED LOOPS  
Introduction to 555 timer, functional diagram, monostable and astable operations and applications, 
Schmitt Trigger.   PLL -  introduction, block schematic, principles and description of individual blocks of 
565.   
UNIT  V    
D-A  AND A- D CONVERTERS  
Introduction, basic DAC techniques, weighted resistor DAC, R-2R ladder DAC, inverted R-2R DAC, and 
IC 1408 DAC, Different types of ADCs - parallel comparator type ADC, counter type ADC, successive 
approximation ADC and dual slope ADC.  DAC and ADC specifications. 
UNIT VI 
Classification of Integrated circuits, comparison of various logic families, standard TTL NAND Gate- 
Analysis& characteristics, TTL open collector O/Ps, Tristate TTL, MOS & CMOS open drain and  tristate 
outputs, CMOS transmission gate, IC interfacing- TTL driving CMOS & CMOS driving TTL . 
 
UNIT VII 
 Design using TTL-74XX & CMOS 40XX series, code converters, decoders, Demultiplexers, decoders & 
drives for LED & LCD display. Encoder, priority               Encoder, multiplexers & their applications, 
priority generators/checker circuits.              Digital arithmetic circuits-parallel binary adder/subtractor 
circuits using 2’s,  
Complement system. Digital comparator circuits.  
 
UNIT VIII 
SEQUENTIAL CIRCUITS 
 Flip-flops & their conversions. Design of synchronous counters. Decade counter, shift registers & 
applications, familiarities with commonly available 74XX & CMOS 40XX series of IC counters. 
Memories: ROM architecture, types & applications, RAM architecture, Static & Dynamic RAMs, 
synchronous DRAMs.  
 
TEXT BOOKS 
1. Linear Integrated Circuits –D. Roy Chowdhury, New Age International (p) Ltd, 2nd Ed., 2003. 
2. Op-Amps & Linear ICs –  Ramakanth  A. Gayakwad, PHI, 1987. 
3. Digital Fundamentals – Floyd and Jain, Pearson Education,8th Edition, 2005. 
 
REFERENCES: 
1. Operational Amplifiers and Linear Integrated Circuits – R.F. Coughlin and Fredrick F. Driscoll,  PHI, 

1977. 
2. Operational Amplifiers and Linear Integrated Circuits: Theory and Applications –Denton J. Daibey, 

TMH. 
3. Design with Operational Amplifiers and Analog Integrated Circuits - Sergio Franco, McGraw Hill, 3rd 

Ed., 2002. 
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POWER SYSTEMS-I 
 
Objective : 
Electrical Power plays significant role in day to day life of entire mankind. This course  concerns the 
generation and distribution of power along with the economic aspects. 
 
UNIT-1 Thermal Power Stations 
 
Line diagram of Thermal Power Station (TPS) showing paths of coal, steam, water, air, ash and flue 
gasses.- Brief description of TPS components: Economizers, Boilers, Super heaters, Turbines, 
Condensers, Chimney and Cooling towers. 
UNIT-2           Gas and  Nuclear Power Stations 
 
Nuclear Power Stations: Nuclear Fission and Chain reaction.- Nuclear fuels.- Principle of operation of 
Nuclear reactor.-Reactor Components: Moderators, Control rods, Reflectors and Coolants.- Radiation 
hazards: Shielding and Safety precautions.- Types of Nuclear reactors and brief description of PWR, 
BWR and FBR. 
Gas Power Stations: Principle of Operation and Components ( Block Diagram Approach Only) 
 
UNIT-3        General Aspects of Distribution Systems and D.C. Distribution Systems 
 
Classification of Distribution Systems - Comparison of DC vs AC and Under-Ground 
 vs Over - Head Distribution Systems- Requirements and Design features of Distribution Systems- 
Voltage Drop Calculations (Numerical Problems) in D.C Distributors for the following cases: Radial D.C 
Distributor fed one end and at the both the ends (equal/unequal Voltages) and Ring Main Distributor. 
 
Unit-4         A.C. Distribution Systems.  
 
Voltage Drop Calculations (Numerical Problems) in A.C. Distributors for the following cases: Power 
Factors referred to receiving end voltage and with respect to respective load voltages. 
 
Unit-5         Substations. 
 
Classification of substations: Air insulated substations - Indoor & Outdoor substations: Substations 
layout showing the location of all the substation equipment.  
Bus bar arrangements in the Sub-Stations: Simple arrangements like single bus bar, sectionalized 
single bus bar, main and transfer bus bar system with relevant diagrams.  
 
Gas insulated substations (GIS) – Advantages of Gas insulated substations, different types of gas 
insulated substations, single line diagram of gas insulated substations, bus bar, construction aspects of 
GIS, Installation and maintenance of GIS, Comparison of Air insulated substations and Gas insulated 
substations. 
 
UNIT-6 Power factor and Voltage Control 
 
Causes of low p.f -Methods of Improving p.f -Phase advancing and generation of reactive KVAR using 
static Capacitors-Most economical p.f. for constant KW load and constant KVA type loads, Numerical 
Problems.  
Dependency of Voltage on Reactive Power flow.- Methods of Voltage Control: Shunt Capacitors, Series 
Capacitors, Synchronous Capacitors, Tap changing and Booster Transformers 
 
UNIT-7   Economic Aspects of Power Generation 
 
Load curve, load duration and integrated load duration curves-load, demand, diversity, capacity, 
utilization and plant use factors- Numerical Problems. 
 
Unit-8           Tariff Methods 
 
Costs of Generation and their division into Fixed, Semi-fixed and Running Costs. 
Desirable Characteristics of a Tariff Method.-Tariff Methods: Flat Rate, Block-Rate, two-part, three –part, 
and power factor tariff methods and Numerical Problems  
 
TEXT BOOKS 



 
1. A Text Book on Power System Engineering by M.L.Soni, P.V.Gupta,  U.S.Bhatnagar and 
A.Chakraborti, Dhanpat Rai & Co. Pvt. Ltd., 1999. 
 
2. Principles of Power Systems   by V.K Mehta and Rohit Mehta S.CHAND&    COMPANY 
LTD., New Delhi 2004. 
 

REFERENCE BOOKS 
1. Elements of Power Station design and practice by M.V. Deshpande, Wheeler Publishing. 
 
2. Electrical Power Systems by C.L.Wadhawa New age International (P) Limited, Publishers 

1997. 
 
3. Electrical Power Generation, Transmission and Distribution by S.N.Singh., PHI, 2003. 

 
4. Gas turbine performance, by PP Wals, P.Fletcher, Blackwell Publisher, 2004. 
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ELECTRICAL MACHINES – II 
 
Objective : 
As an extension of Electrical machines I course this subject facilitates to study of the performance of 
Transformers and Induction motors which are the major part of industrial drives and agricultural pump 
sets. 
 
UNIT-I Single Phase Transformers – Construction & Operation 
Single phase transformers-types - constructional details-minimization of hystersis and eddy current 
losses-emf equation - operation on no load and on load - phasor diagrams  
 
UNIT-II Single Phase Transformers - Performance 
 Equivalent circuit - losses and efficiency-regulation. All day efficiency - effect of variations of frequency 
& supply voltage on iron losses. 
 
UNIT-III Testing of Single Phase Transformer and Autotransformer 
OC and SC tests - Sumpner’s test - predetermination of efficiency and regulation-separation of losses 
test-parallel operation with equal and unequal voltage ratios - auto transformers-equivalent circuit - 
comparison with two winding transformers. 
UNIT-IV Polyphase Transformers 
Polyphase transformers - Polyphase connections - Y/Y, Y/Δ, Δ/Y, Δ/Δ and open Δ, Third harmonics in 
phase voltages-three winding transformers-tertiary windings-determination of Zp, Zs and Zt transients in 
switching - off load and on load tap changing; Scott connection. 
 
UNIT-V Polyphase Induction Motors 
Polyphase induction motors-construction details of cage and wound rotor machines-production of a 
rotating magnetic field - principle of operation - rotor emf and rotor frequency - rotor reactance, rotor 
current and pf at standstill and during operation. 
 
UNIT-VI Characteristics of Induction Motors 
Rotor power input, rotor copper loss and mechanical power developed and their inter relation-torque 
equation-deduction from torque equation - expressions for maximum torque and starting torque - torque 
slip characteristic - double cage and deep bar rotors - equivalent circuit - phasor diagram - crawling and 
cogging 
 
UNIT-VII Circle Diagram of Induction Motors 
Circle diagram-no load and blocked rotor tests-predetermination of performance-methods of starting and 
starting current and torque calculations 
 
UNIT-VIII Speed Control Methods 
Speed control-change of frequency; change of poles and methods of consequent poles; cascade 
connection. injection of  an emf into rotor circuit (qualitative treatment only)-induction generator-principle 
of operation. 
 
TEXT BOOKS: 
1. Electric machinery - A.E. Fitzgerald, C.Kingsley and S.Umans, Mc Graw Hill               

      Companies, 5th edition 
2. Electrical machines-PS Bhimbra, Khanna Publishers. 

 
REFERENCE BOOKS: 
 

1. Performance and Design of AC Machines by MG.Say, BPB Publishers 
2. Theory of Alternating Current Machinery- by Langsdorf, Tata McGraw-Hill Companies, 2nd 

edition. 
3. Electric Machines –by I.J.Nagrath & D.P.Kothari,Tata Mc Graw Hill, 7th  Edition.2005 
4. Electromechanics-II (transformers and induction motors) S. Kamakashaiah Hitech publishers. 
 



JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY    
HYDERABAD 

II Year B.Tech EEE II-Sem      T  P  C 
4+1* 0 4 

CONTROL SYSTEMS 
Objective : 
In this course it is aimed to introduce to the students the principles and applications of control systems in 
every day life.  The basic concepts of block diagram reduction, time domain analysis solutions to time 
invariant systems and also deals with the different aspects of stability analysis of systems in frequency 
domain and time domain. 
 
UNIT – I INTRODUCTION 
Concepts of Control Systems- Open Loop and closed loop control systems and their differences- 
Different examples of control systems- Classification of control systems, Feed-Back Characteristics, 
Effects of feedback. 
 Mathematical models – Differential equations,  Impulse Response and transfer functions - Translational 
and Rotational mechanical systems  
 
 UNIT II TRANSFER FUNCTION REPRESENTATION 
Transfer Function of DC Servo motor - AC Servo motor- Synchro transmitter and Receiver, Block 
diagram representation of systems considering electrical systems as examples -Block diagram algebra 
– Representation by Signal flow graph - Reduction using Mason’s gain formula. 
 
UNIT-III TIME RESPONSE ANALYSIS   
Standard test signals - Time response of first order systems – Characteristic Equation of Feedback 
control systems, Transient response of second order systems - Time domain specifications – Steady 
state response - Steady state errors and error constants – Effects of proportional derivative, proportional 
integral systems. 
   
UNIT – IV STABILITY ANALYSIS IN S-DOMAIN 
The concept of stability – Routh’s stability criterion – qualitative stability and conditional stability – 
limitations of Routh’s stability 
Root Locus Technique: 
 
The root locus concept - construction of root loci-effects of adding poles and zeros to G(s)H(s) on the 
root loci. 
 
UNIT – V FREQUENCY RESPONSE ANALYSIS 
Introduction, Frequency domain specifications-Bode diagrams-Determination of Frequency domain 
specifications and transfer function from the Bode Diagram-Phase margin and Gain margin-Stability 
Analysis from Bode Plots. 
 
UNIT – VI STABILITY ANALYSIS IN FREQUENCY DOMAIN 
Polar Plots-Nyquist Plots-Stability Analysis. 
 
UNIT – VII CLASSICAL CONTROL DESIGN TECHNIQUES 
Compensation techniques – Lag, Lead, Lead-Lag Controllers design in frequency Domain, PID 
Controllers. 
 
UNIT – VIII State Space Analysis of Continuous Systems 
Concepts of state, state variables and state model, derivation of state models from block diagrams, 
Diagonalization- Solving the Time invariant state Equations- State Transition Matrix and it’s Properties – 
Concepts of Controllability and Observability 
 
TEXT BOOKS: 
1. Automatic Control Systems 8th edition– by B. C. Kuo 2003– John wiley and son’s., 
2. Control Systems Engineering – by I. J. Nagrath and M. Gopal, New Age International  
     (P) Limited, Publishers, 2nd edition. 
 
REFERENCE BOOKS: 

1. Modern Control Engineering – by Katsuhiko Ogata – Prentice Hall of India Pvt. Ltd., 3rd edition, 
1998. 

2. Control Systems by N.K.Sinha, New Age International (P) Limited Publishers, 3rd Edition, 1998. 
3. Control Systems Engg. by NISE 3rd Edition – John wiley 
4. “Modelling & Control Of Dynamic Systems” by  Narciso F. Macia  George J. Thaler, Thomson 

Publishers. 
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I.C. AND PULSE AND DIGITAL CIRCUITS LAB 
 

 
 

   
1. Linear  wave shaping  
2. Non Linear Wave Shaping – Clippers 
3. Non Linear Wave Shaping – Clampers 
4. Study of Logic Gates & Some Applications 
5. Astable Multivibrator, Monostable Multivibrator using transistors 
6. Bistable Multivibrator, Schmit Trigger using transistors 
7. IC 741 OP AMP Applications – Adder, Integrator and Differentiator Circuits 
8. Active Filters – LPF, HPF (first order) 
9. Function Generator using 741 OP AMP 
10. IC 555 Timer – Monostable Operation Circuits, Astable Operation Circuits 
11. Schmitt Trigger Circuits – Using IC 741 and IC 555 
12. Voltage Regulator using IC 723 
13. 4 bit DAC using 741 OP AMP 
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ELECTRICAL MACHINES LAB – I 
 
The following experiments are required to be conducted compulsory experiments: 
 
1. Magnetization characteristics of DC shunt generator. Determination of critical field resistance and 

critical speed. 
 
2. Load test on DC shunt generator. Determination of characteristics. 
 
3. Load test on DC series generator. Determination of characteristics. 
 
4. Load test on DC compound generator. Determination of characteristics. 
 
5. Hopkinson’s test on DC shunt machines. Predetermination of efficiency. 
 
6. Fields test on DC series machines. Determination of efficiency. 
 
7. Swinburne’s test and speed control of DC shunt motor. Predetermination of efficiencies. 
 
8. Brake test on DC compound motor. Determination of performance curves. 
 
 
In addition to the above eight experiments, atleast any two of the experiments from the following 
list are required to be conducted: 
 
9. Brake test on DC shunt motor. Determination of performance curves. 
 
10. Retardation test on DC shunt motor. Determination of losses at rated speed. 
 
11. Separation of losses in DC shunt motor. 
 
 


