
Richard Courant • Fritz John 

Introduction 
to Calculus and Analysis 

Volume 11/1 
Chapters 1-4 

Reprint of the 1989 Edition 

Springer 



Originally published in 1974 by Interscience Publishers, a division 
of John Wiley and Sons, Inc. 
Reprinted in 1989 by Springer-Verlag New York, Inc. 

Mathematics Subject Classification (1991): 26xx, 26-01 

Cataloging-in-Publication Data applied for 

Die Deutsche Bibliothek - CIP-Einheitsaufnahme 
Courant, Richard: 
Introduction to caiculus and analysis I Richard Courant; Fritz John.- Reprint- Berlin; Heidelberg; 
New York; Barcelona; Hong Kong; London; Milan; Paris; Singapore; Tokyo: Springer 
(Classics in mathematics) 
VoJ.2. I With the assistance of Albert A. Blank and Alan Solomon I. Chapter 1 -4.- Reprint of 
the 1989 ed.- 2000 
ISBN 978-3-540-66569-4 ISBN 978-3-642-57149-7 (eBook) 
DOI 10.1007/978-3-642-57149-7 

Photograph of Richard Courant from: C. Reid, Courant in Göttingen 
and New York. The Story of an Improbable Mathematician, 
Springer New York, 1976 

Photograph of Fritz John by kind permission of The Courant Institute 
of Mathematical Sciences, New York 

ISSN 1431-0821 
ISBN 978-3-540-66569-4 

This work is subject to copyright All rights are reserved, whether the whole or part of the material is 
concerned, specificaJJy the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, 
reproduction on microfIlm or in any other way, and storage in data banks. Duplication of this publication or 
parts thereof is permitted only under the provisions of the German Copyright Law of September 9,1965, in its 
current version, and permission for use most a1ways be obtained from Springer-Verlag. Violations are liable 
for prosecution under the German Copyright Law. 

© Springer-Verlag Berlin Heidelberg 2000 

Original1y published by Springer-Verlag Berlin Heidelberg New York in 2000 

The use of general descriptive names, registered names, trademarks etc. in this publication does not imply, 
even in the absence of a specific statement, that such names are exempt from the relevant protective laws 
and regulations and therefore free for general use. 

SPIN 10991329 41/3111CK - 5 4 3 2 - Printed on acid-free paper 



Richard Courant Fritz John 

Introduction to 
Calculus and Analysis 

Volumen 

With the assistance of 
Albert A. Blank and Alan Solomon 

With 120 lllustrations 

Springer 



Richard Courant (1888 - 1972) Fritz John 
Courant Institute of Mathematical Sciences 

New York University 
New York, NY 10012 

Originally published in 1974 by Interscience Publishers, a division of John Wiley and Sans, Ine. 

Mathematical Subjeet Oassifieation: 26xx, 26-01 

Printed on acid-free paper. 

Copyright 1989 Springer Science+Business Media New York 

Originally published by Springer-Verlag New York, Inc in 1989 

All rights resetved. This work may not be translated or copied in whole or in part without the 
written permission of the publisher Springer Science+Business Media, LLC , 
except for brief excerpts in connection with reviews or scholarly 
analysis. Use in conneetion with any form of information storage and retrieval, electronic 
adaptation, computer software, or by simitar or dissimitar methodology now known or 
hereafter developed is forbidden. 

The use of general descriptive names, trade names, trademarks, ete., in this publication, even if 
the former are not especially identified, is not to be taken as a sign that such names, as 
understood by the Trade Marks and Merchandise Act, may aecordingly be used freely by 
anyone. 

9 8 7 6 543 

ISBN 978-3-540-66569-4 ISBN 978-3-642-57149-7 (eBook) 
DOI 10.1007/978-3-642-57149-7 SPIN 10691322 



Contents 

Chapter 1 Functions of Several Variables 
and Their Derivatives 

1.1 Points and Points Sets in the 
Plane and in Space 1 
a. Sequenees of points. Conver-
genee, 1 b. Sets of points in the 
plane, 3 c. The boundary of a set. 
Closed and open sets, 6 d. Closure 
as set of limit points, 9 e. Points 
and sets of poinis in spaee, 9 

1.2 Functions of Several Independent 
Variables 11 
a. Functions and their domains, 11 
b. The simplest types of fune-
tions, 12 c. Geometrieal representa
tion of funetions, 13 

1.3 Continuity 17 
a. Definition,17 b. The eoneept of 
limit of a funetion of several vari-
ables, 19 c. The order to whieh a 
funetion vanishes, 22 

1.4 The Partial Derivatives of a 
Function 
a. Definition. Geometrical 
representation, 26 b. Examples, 
32 c. Continuity and the 
existence of partial derivatives, 34 

ix 

26 



x Contents 

d. Change of the order of 
differentiation, 36 

1.5 The Düferential 01 a Function 
and Its Geometrical Meaning 40 
a. The coneept of differentia-
bility,40 b. Directional 
derivatives,43 c. Geometrie 
interpretation of differentiability, 
The tangent plane, 46 d. The total 
differential of a funetion, 49 e. 
Applieation to the calculus of 
errors,52 

1.6 Functions 01 Functions (Com
pound Functions) and the 
Introduction 01 New In-
dependent Variables 53 
a. Compound funetions. The ehain 
rule, 53 b. Examples, 59 c. 
Change of independent variables, 60 

1.7 The Mean Value Theorem and 
Taylor's Theorem for Functions 
01 Several Variables 64 
a. Preliminary remarks about 
approximation by polynomials, 64 
b. The mean value theorem, 66 
c. Taylor's theorem for several in
dependent variables, 68 

1.8 Integrals 01 a Function Depend-
ing on a Parameter 71 
a. Examples and definitions, 71 
b. Continuity and differentiability 
of an integral with respeet to the 
parameter,74 c. Interehange of 
integrations. Smoothing of 
funetions, 80 

1.9 Differentials and Line Integrals 82 
a. Linear differential forms, 82 



Contents xi 

b. Line integrals of linear dif
ferential forms, 85 c. Dependence 
of line integrals on endpoints, 92 

1.10 The Fundamental Theorem on 
Integrability of Linear 
Differential Forms 95 
a. Integration of total differentials, 
95 b. Necessary conditions for 
line integrals to depend only on 
the end points, 96 c. Insufficiency 
of the integrability conditions, 98 
d. Simply connected sets, 102 
e. The fundamental theorem, 104 

APPENDIX 

A.1. The Principle of the Point of Ac
cumulation in Several Dimen-
sions and Its Applications 107 
a. The principle of the point of 
accumulation,107 b. Cauchy's 
convergence test. Compactness, 
108 c. The Heine-Borel covering 
theorem, 109 d. An application of 
the Heine-Borel theorem to closed 
sets contains in open sets, 110. 

A.2. Basic Properties of Continuous 
Functions 112 

A.3. Basic Notions of the Theory of 
Point Sets 113 
a. Sets and sub-sets, 113 b. Union 
and intersection of sets, 115 c. Ap
plications to sets of points in the 
plane, 117. 

A.4. Homogeneous functions. 119 



xü Contents 

Chapter 2 Vectors, Matrices, Linear 
Transformations 

2.1 Operations with Vectors 122 
a. Definition of vectors, 122 
b. Geometric representation of vectors, 
124 c. Length of vectors. Angles 
between directions, 127 d. Scalar 
products of vectors, 131 e. Equa-
tion of hyperplanes in vector form, 
133 f. Linear dependence of vec-
tors and systems of linear equations, 
136 

2.2 Matrices and Linear Transforma
tions 
a. Change of base. Linear spaces, 
143 b. Matrices, 146 c. Opera
tions with matrices, 150 d. Square 
matrices. The reciprocal of a mat
rix. Orthogonal matrices. 153 

143 

2.3 Determinants 159 
a. Determinants of second and third 
order, 159 b. Linear and multi-
linear forms of vectors, 163 c. AI
ternating multilinear forms. Defini-
tion of determinants, 166 d. Prin-
cipal properties of determinants, 
171 e. Application of determinants 
to systems of linear equations. 175 

2.4 Geometrical Interpretation of 
Determinants 180 
a. Vector products and volumes of 
parallelepipeds in three-dimensional 
space, 180 b. Expansion of a deter
minant with respect to a column. 
Vector products in higher dimen-
sions, 187 c. Areas of parallelograms 
and volumes of parallelepipeds in 



Contents xiii 

higher dimensions, 190 d. Orienta
tion of parallelepipeds in n-dimen
sional space, 195 e. Orientation of 
planes and hyperplanes, 200 
f. Change of volume of parallele
pipeds in linear transformations, 201 

2.5 Vector Notions in Analysis 204 
a. Vector fields, 204 b. Gradient of 
a scalar, 205 c. Divergence and 
curl of a vector field, 208 d. 
Families of vectors. Application to 
the theory of curves in space and to 
motion of particles, 211 

Chapter 3 Developments and Applications 
of the Differential Calculus 

3.1 Implicit Functions 218 
a. General remarks, 218 b. Geo-
metrical interpretation, 219 
c. The implicit function theorem, 221 
d. Proof of the implicit function 
theorem, 225 e. The implicit func
tion theorem for more than two 
independent variables, 228 

3.2 Curves and Surfaces in Implicit 
Form 230 
a. Plane curves in implicit form, 
230 b. Singular points of curves, 
236 c. Implicit representation of 
surfaces, 238 

3.3 Systems of Functions, Transfor-
mations, and Mappings 241 
a. General remarks, 241 b. Cur-
vilinear coordinates, 246 c. Exten-
sion to more than two independent 
variables, 249 d. Differentiation 
formulae for the inverse functions, 



xiv Contents 

252 e. Symbolic product of mappings, 
257 f. General theorem on the 
inversion of transformations and of 
systems of implicit functions. 
Decomposition into primitive map
pings, 261 g. Alternate construc
tion of the inverse mapping by the 
method of successive approxima
tio:ls, 266 h. Dependent functions, 
268 i. Concluding remarks, 275 

3.4 Applications 278 
a. Elements of the theory of sur-
faces, 278 b. Conformal transfor-
mation in general, 289 

3.5 Families of Curves, Families of 
Surfaces, and Their Envelopes 290 
a. General remarks, 290 b. En-
velo pes of one-parameter families of 
curves, 292 c. Examples, 296 
d. Endevelopes of families of 
surfaces, 303 

3.6 Alternating Differential Forms 307 
a. Definition of alternating dif-
ferential forms, 307 b. Sums and 
products of differential forms, 310 
c. Exterior derivatives of differ-
ential forms, 312 d. Exterior 
differential forms in arbitrary 
coordinates, 316 

3.7 Maxima and Minima 325 
a. Necessary conditions, 325 
b. Examples, 327 c. Maxima and 
minima with subsidiary conditions, 
330 d. Proof of the method of unde
termined multipliers in the simplest 
case, 334 e. Generalization of the 
method of undetermined multipliers, 
337 f. Examples, 340 



Contents xv 

APPENDIX 

A.l Sufficient Conditions for 
Extreme Values 345 

A.2 Numbers of Critical Points Re-
lated to Indices of a Vector Field 352 

A.3 Singular Points of Plane Curves 360 

A.4 Singular Points of Surfaces 362 

A.5 Connection Between Euler's and 
Lagrange's Representation of the 
motion of a Fluid 363 

A.6 Tangential Representation of a 
Closed Curve and the Isoperi-
metric Inequality 365 

Chapter 4 Multiple Integrals 

4.1 Areas in the Plane 
a. Definition of the Jordan meas
ure of area, 367 b. A set that does 
not have an area, 370 c. Rules for 
operations with areas, 372 

367 

4.2 Double Integrals 374 
a. The double integral as a 
volume,374 b. The general anal-
ytic concept of the integral, 376 
c. Examples, 379 d. Notation. 
Extensions. Fundamental rules, 381 
e. Integral estimates and the mean 
value theorem, 383 

4.3 Integrals over Regions in three 
and more Dimensions 385 



xvi Contents 

4.4 Space DitTerentiation. Mass and 
Density 386 

4.5 Reduction of the Multiple 
Integral to Repeated Single 
Integrals 388 
a. Integrals over a rectangle, 388 
b. Change of order of integration. 
Differentiation under the integral 
sign, 390 c. Reduction of double 
integrals to single integrals for 
more general regions, 392 d. Ex
tension of the results to regions in 
several dimensions, 397 

4.6 Transformation of Multiple 
Integrals 398 
a. Transformation of integrals in 
the plane, 398 b. Regions of more 
than two dimensions, 403 

4.7 Improper Multiple Integrals 406 
a. Improper integrals of functions 
over bounded sets, 407 b. Proof of 
the general convergence theorem 
for improper integrals, 411 
c. Integrals over unbounded regions, 
414 

4.8 Geometrical Applications 417 
a. Elementary calculation of 
volumes, 417 b. General remarks 
on the calculation of volumes. Solids 
of revolution. Volumes in spherical 
coordinates, 419 c. Area of a curved 
surface, 421 

4.9 Physical Applications 431 
a. Moments and center of mass, 
431 b. Moments of inertia, 433 
c. The compound pendulum, 436 
d. Potential of attracting masses, 438 



Contents xvii 

4.10 Multiple Integrals in Curvilinear 
Coordinates 445 

a. Resolution of multiple integrals, 
445 b. Applieation to areas swept 
out by moving eurves and volumes 
swept out by moving surfaees. 
Guldin's formula. The polar 
planimeter, 448 

4.11 Volumes and Surface Areas in 
Any Number of Dimensions 453 
a. Surfaee areas and surfaee in-
tegrals in more than three dimen-
sions, 453 b. Area and volume of 
the n-dimensional sphere, 455 
c. Generalizations. Parametrie 
Representations, 459 

4.12 Improper Single Integrals as 
Functions of a Parameter 462 
a. Uniform eonvergenee. Continu-
ous dependenee on the parameter, 
462 b. Integration and differentia-
tion of improper integrals with re-
speet to a parameter, 466 
c. Examples, 469 d. Evaluation 
of Fresnel's integrals, 473 

4.13 The Fourier Integral 476 
a. Introduetion,476 b. Examples, 
479 c. Proof of Fourier's integral 
theorem, 481 d. Rate of eonver-
genee in Fourier's integral theorem, 
485 e. Parseval's identity for 
Fourier transforms, 488 f. The 
Fourier transformation for fune-
tions of several variables, 490 

4.14 The Eulerian Integrals (Gamma 
Function) 497 
a. Definition and funetional equa-



xviii Contents 

tion, 497 b. Convex functions. 
Proof of Bohr and Mollerup's 
theorem,499 c. The infinite prod
ucts for the gamma function, 503 
d. The nextensio theorem, 507 
e. The beta function, 508 
f. Differentiation and integration of 
fractional order. Abel's integral 
equation, 511 

APPENDIX: DETAILED ANALYSIS OF 
THE PROCESS OF INTEGRATION 

A.l Area 515 
a. Subdivisions of the plane and 
the corresponding inner and outer 
areas, 515 b. Jordan-measurable 
sets and their areas, 517 c. Basic 
properties of areas, 519 

A.2 Integrals of Functions of Several 
Variables 524 
a. Definition of the integral of a 
function f(x, y), 524 b. Integrabili-
ty of continuous functions and 
integrals over sets, 526 c. Basic 
rules for multiple integrals, 528 
d. Reduction of multiple integrals 
to repeated single integrals, 531 

A.3 Transformation of Areas and 
Integrals 534 
a. Mappings of sets, 534 b. Trans 
formation of multiple integrals, 
539 

A.4 Note on the Definition of the 
Area of a Curved Surface 540 



Contents xix 

Chapter 5 Relations Between Surface and 
Volume Integrals 

5.1 Connection Between Line 
Integrals and Double Integrals in 
the Plane (The Integral 
Theorems of Gauss, Stokes, and 
Green) 543 

5.2 Vector Form of the Divergence 
Theorem. Stokes's Theorem 551 

5.3 Formula for Integration by Parts 
in Two Dimensions. Green's 
Theorem 556 

5.4 The Divergence Theorem 
Applied to the Transformation 
of Double Integrals 558 
a. The case of 1-1 mappings, 558 
b. Transformation of integrals 
and degree of mapping, 561 

5.5 Area Differentiation. Trans
formation of Au to Polar 
Coordinates 565 

5.6 Interpretation of the Formulae 
of Gauss and Stokes by Two-
Dimensional Flows 569 

5.7 Orientation of Surfaces 575 
a. Orientation of two-dimensional 
surfaces in three-space, 575 b. Orien
tation of curves on oriented 
surfaces, 587 

5.8 Integrals of Differential Forms 
and of Scalars over Surfaces 589 
a. Double integrals over oriented 
plane regions, 589 b. Surface 



xx Contents 

integrals of second-order differential 
forms, 592 c. Relation between 
integrals of differential forms over 
oriented surfaces to integrals of 
scalars over unoriented surfaces, 
594 

5.9 Gauss's and Green's Theorems in 
Space 597 
a. Gauss's theorem, 597 b. Ap-
plication of Gauss's theorem to fluid 
flow,602 c. Gauss's theorem 
applied to space forces and surface 
forces, 605 d. Integration by 
parts and Green' s theorem in three 
dimensions, 607 e. Application of 
Green' s theorem to the transforma-
tion of AU to spherical coordinates, 
608 

5.10 Stokes's Theorem in Space 611 
a. Statement and proof of the 
theorem, 611 b. Interpretation 
of Stokes's theorem, 615 

5.11 Integral Identities in Higher 
Dimensions 622 

APPENDIX: GENERAL THEORY OF 
SURFACES AND OF SURFACE 
INTEGALS 

A.l Surfaces and Surface Integrals 
in Three dimensions 624 
a. Elementary surfaces, 624 b. In-
tegral of a function over an elemen-
tary surface, 627 c.Oriented ele-
mentary surfaces, 629 d. Simple 
surfaces, 631 e. Partitions of unity 
and integrals over simple surfaces, 
634 



Contents xxi 

A.2 The Divergence Theorem 637 
a. Statement of the theorem and its 
invariance, 637 b. Proof of the 
theorem, 639 

A.3 Stokes's Theorem 642 

A.4 Surfaces and Surface Integrals in 
Euclidean Spaces of Higher 
Dimensions 645 
a. Elementary surfaces, 645 
b. Integral of a differential form over 
an oriented elementary surface, 647 
c. Simple m-dimensional surfaces, 
648 

A.5 Integrals over Simple Surfaces, 
Gauss's Divergence Theorem, 
and the General Stokes Formula 
in Higher Dimensions 651 

Chapter 6 Differential Equations 

6.1 The Dift"erential Equations for 
the Motion of a Partic1e in Three 
Dimensions 
a. The equations of motion, 654 
b. The principle of conservation of 
energy, 656 c. Equilibrium. Stability, 
659 d. Small oscillations about a 
position of equilibrium, 661 
e. Planetary motion, 665 f. Boundary 
value problems. The loaded cable 
and the loaded beam, 672 

6.2 The General Linear Dift"erential 

654 

Equation of the First Order 678 
a. Separation of variables, 678 
b. The linear first-order equation, 680 



xxii Contents 

6.3 Linear Dift'erential Equations 
of Higher Order 683 
a. Principle of superposition. Gen-
eral solutions, 683 b. Homogeneous 
differential equations of the second 
second order, 688 c. The non
homogeneous differential equations. 
Method of variation of parameters, 
691 

6.4 General Differential Equations 
of the First Order 697 
a. Geometrical interpretation, 697 
b. The differential equation of a 
family of curves. Singular solutions. 
Orthogonal trajectories, 699 
c. Theorem of the existence and 
uniqueness of the solution, 702 

6.5 Systems of Differential Equations 
and Differential Equations of 
Higher Order 709 

6.6 Integration by the Method of 
Undermined Coeflicients 711 

6.7 The Potential of Attracting 
Charges and Laplace's Equation 713 
a. Potentials of mass distributions, 
713 b. The differential equation 
of the potential, 718 c. Uniform 
double layers, 719 d. The mean 
value theorem, 722 e. Boundary 
value problem for the circIe. 
Poisson's integral, 724 

6.8 Further Examples of Partial 
Differential Equations from 
Mathematical Physics 727 
a. The wave equation in one dimen-
sion, 727 b. The wave equation 



Conümls xxiii 

in three-dimensional space, 728 
c. Maxwell's equations in free space, 
731 

Chapter 7 Calculus of Variations 

7.1 Functions and Their Extrema 737 

7.2 Necessary conditions for Extreme 
Values of a Functional 741 
a. Vanishing of the first variation, 
741 b. Deduction of Euler's dif-
ferential equation, 743 c. Proofs 
of the fundamental lemmas, 747 
d. Solution of Euler's differential 
equation in special cases. Examples, 
748 e. Identical vanishing of 
Euler' sexpression, 752 

7.3 Generalizations 753 
a. Integrals with more than one 
argument function, 753 b. Ex
amples,755 c. Hamilton's prin-
ciple. Lagrange's equations, 757 
d. Integrals involving lligher deriva
tives, 759 e. Several independent 
variables, 760 

7.4 Problems Involving Subsidiary 
Conditions. Lagrange Multi-
pliers 762 
a. Ordinary subsidiary conditions, 
762 b. Other types of subsidiary 
conditions, 765 

Chapter 8 Functions of a Complex Variable 

8.1 Complex Functions Represented 
by Power Series 769 
a. Limits and infinite series with 
complex terms, 769 b. Power 



xxi v Contents 

series, 772 c. Differentiation and 
integration of power series, 773 
d. Examples of power series, 776 

8.2 Foundations of the General The
ory of Functions of a Complex 
"ariable 778 
a. The postulate of differentiability, 
778 b. The simplest operations of 
the differential ealeulus, 782 
c. Conformal transformation. Inverse 
funetions, 785 

8.3 The Integration of Analytic 
Functions 787 
a. Definition of the integral, 787 
b. Cauehy's theorem, 789 c. Ap
plieations. The logarithm, the ex
ponential function, and the general 
power funetion, 792 

8.4 Cauchy's Formula and Its 
Applications 797 
a. Cauehy's formula, 797 b. Ex-
pansion of analytie functions in 
power series, 799 c. The theory of 
funetions and potential theory, 802 
d. The eonverse of Cauehy's 
theorem, 803 e. Zeros, poles, and 
residues of an analytie funetion, 803 

8.5 Applications to Complex Integra-
tion (Contour Integration) 807 
a. Proof of the formula (8.22), 807 
b. Proof of the formula (8.22), 808 c. 
Applieation of the theorem of residues 
to the integration of rational fune
tions, 809 d. The theorem of 
residues and linear differential equa
tions with eonstant eoefficients, 812 



Contents xxv 

8.6 Many-Valued Functions and 
Analytic Extension 814 

List 0/ Biographical Dates 941* 

Index 943** 

* page 543 of this edition 
** page 545 of this edition 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




