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SQUARES AND SQUARE ROOTS 
 
In this lesson, students link the geometric concepts of side length and area of a square to 
the algebra concepts of squares and square roots of numbers. They create a table of perfect 
squares. They use the table to find square roots of perfect squares, and they approximate 
the square root of a whole number.  
 
This lesson is the first of a lesson cluster where students develop and practice rules for 
exponents. In future lessons, students will use the definition of exponents and inductive 
reasoning to make conjectures about rules for exponents. Then the rules for exponents will 
be formalized, and students will simplify expressions that include exponents and roots.  
 
 
 
Math Goals 

 
(Standards for 

posting in bold) 
 

• Understand geometrically and numerically the connection between 
squaring a number and finding the square root of a number.  

 (ALG 2.0) 
 
• Approximate a square root by locating it between two consecutive 

integers.  
 (Gr7 NS2.4; Gr7 MR2.7) 
 
• Use fractions and decimals to approximate square roots.  
 (Gr7 NS1.2; Gr7 NS1.3; Gr7 MR2.1; Gr7 MR2.7) 
 

Summative 
Assessment 

Future Week 
• Week 25: Exponents and Roots  
 (Gr7 NS1.2; Gr7 NS2.4) 
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PLANNING INFORMATION 

 
Estimated Time: 45 – 60 Minutes 

Student Pages 
 
* SP10: Ready, Set, Go 
* SP11: Table of Squares 
* SP12-13: Estimating Square 

Roots 
 SP14: More Square Root 

Estimates 
 

Materials 
 
Calculators (optional) 
 

Reproducibles 
 
 

Homework 
 
 SP14: More Square Root 

Estimates 
 
 

Prepare Ahead 
 
 

Management Reminders 
 
 
 

Assessment 
 
 
* SP25: Knowledge  
  Check 21 
 R86: Knowledge 

Challenge 21 
 A101-102: Weekly Quiz 21 
 

Strategies for   
English Learners 
 
Give a visual review of why 
square numbers are called 
square numbers. 
 
 
 52 = 25 

Strategies for 
Special Learners  
 
Refer often to a number line 
with numbers and their square 
roots so that students see why 
the linear interpolation method 
makes sense.  
 
 
 

* Recommended transparency: Blackline masters for overheads 245-248 and 251 can be 
found in the Teacher Resource Binder. 

 
 

25 
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THE WORD BANK 

exponential 
notation 

The exponential notation nb  (read as “ b to the power n ”) is used to express 
the product of b with itself n times: =  ... nb b b b• • •  (n times). The number 
b is the base, and the natural number n is the exponent. Exponential notation is 
extended to arbitrary integer exponents by setting 0 = 1b  and - 1 = n

nb
b .  

 
Example: 32  = 2 2 2 = 8• • . (The base is 2 and the exponent is 3.) 
 2 33 5  = 3 3 5 5 5 = 1,125• • • • . (The bases are 3 and 5.) 
 02  = 1.  
 -3

3
1 1

82
2  =  = . 

square of a 
number 

The square of a number is the product of the number with itself. 
 

Example: The square of 5 is 25, since 25  = 5 5 = 25× . The square of -5 
is also 25, since 2(-5)  = (-5) (-5) = 25× . 

perfect square A perfect square, or square number, is a number that is a square of a natural 
number. 
 

Example: The area of a square with integral side-length is a perfect 
square. The perfect squares are 21 = 1 , 24 = 2 , 29 = 3 , 

216 = 4 , 225 = 5 , … . 
square root of a 
number 

A square root of a number n is a number whose square is equal to n, that is, a 
solution of the equation 2 = x n . The positive square root of a number n, written 

n , is the positive number whose square is n. 
 

Example: Both 5 and -5 are square roots of 25, because 25  = 25  and 
2(-5)  = 25 . The positive square root of 25 is 5. 

linear 
interpolation 

Linear interpolation refers to a method of approximating the values of a function f 
at points of an interval < <a x c  by the values of the linear function that coincides 
with f at the endpoints a and c.  
 

 
 
 
 
 
 
 
 
Example: We may approximate x  for 25 36x< <  by the linear 

function  ( )1
11

= 5 ( 25)y x+ − , which has values = 25 = 5y  

at x = 25 and = 36 = 6y  at x = 36.  
 

a c x

y 

y = f(x) 

linear approximation 
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MATH BACKGROUND 

 
Approximating Square Roots by Linear Interpolation  

Math Background 1 
 
Teacher 
Mathematical Insight 

 
Linear interpolation is a method by which the values  y = f(x)  of a function  f  on an interval   
x1 < x < x2  are estimated by the values of the linear function  y = mx + b   that matches the 
values of  f  at the endpoints of the interval.  The parameters  m  and  b  satisfy the two 
equations  f(x1) =  mx1 + b  and  f(x2 ) =  m x2 + b.  The graph of the  linear approximation 
y = mx + b   is then the straight line segment joining the points  (x1, f(x1))   and   (x2 , f(x2))  
on the graph of  f. 
 
The linear approximation can be found directly through proportional reasoning, without 
writing down any equations of lines. To illustrate, we approximate values of  x . 
 
To find an approximate value for 27 : 
 
First find the closest perfect square (25) that is less than 27 and the closest perfect square 
(36) that is greater than 27. Then 25 < 27 < 36. The points 25 and 36 will be the endpoints 
of the interval of interpolation. 
 
Take the square root of each number:   25  = 5,  36 = 6.  We aim to approximate  

27 using the y-coordinate of the straight line through  (25,5)  and (36,6).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Now 27 is 2 units larger than 25, and 36 is 11 units larger than 25. Thus 27 is two 
elevenths ( )2

11
 of the distance from 25 to 36. We approximate 27  by the number that is 

two elevenths of the distance from 25  to 36 , that is, two elevenths of the distance from 

5 to 6 (proportional reasoning!!). This number is 2 2
11 11

5  = 5+ .  

 
Summary:   On a number line, 27 is 2

11
of the distance from 25 to 36. Therefore, 27 is 

approximately equal to 2
11

 of the distance from 25 = 5  to 36 = 6 , which is 5 + 2
11

.  The 

approximation to 27  is 5 2
11

. 

 
By linear interpolation to the nearest thousandth: 5 2

11
 ≈  5.182  

Accurate to the nearest thousandth: 27 ≈  5.196 
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PREVIEW / WARMUP 

 
Whole Class 
 

 SP10* 
 Ready, Set, Go 
 
 
 

 
• Introduce the goals and standards for the lesson. Discuss important 

vocabulary as relevant. 
 
• Students draw several squares and record both their side lengths and 

areas. Share and discuss. Stress the relationship between side length 
and area, the definitions of squares and square roots (numerically and 
geometrically), and the notations for squares and square roots. 

 
INTRODUCE 

 
Whole Class  
 

 SP11* 
 Table of Squares  
 

 SP12-13* 
Estimating Square 
Roots  

 
Calculators 
 

• Students complete the table of perfect squares. Encourage students to 
keep this table handy (or even memorize some of the perfect squares) 
because it will make computations that involve square roots easier. 

 
• Students put the square roots of perfect squares on a number line.  
 

Why is the distance between 25  and 36  the same as the 
distance between 1  and 4 ? The distance between 5 and 6 ( 25  and 

36 ) is the same as the distance between 1 and 2 ( 1  and 4 ). 
 
• Have students estimate the location of 27  on the number line. 
 

27 is between what two perfect squares? 25 and 36. 
 

How can we use this information to approximate 27 ? Since 25  = 5  
and 36 = 6 , 27 is between 5 and 6. Since it is somewhat closer to 5, a reasonable 
approximation might be 5.1, 5.2, or 5.3. 

 
• Show students the process of linear interpolation in order to find fraction 

and/or decimal approximations of the square roots of non-perfect 
squares. 

 
On a number line, 27 represents what fraction of the distance from 
25 to 36? Since the distance from 25 to 36 is 11 units, and 25 to 27 is 2 units, the 
fraction is 2

11
. Since 25 = 5, we estimate 27 by 2 2

11 11
5  = 5+ . Since 2

11
 = 0.1818… 

the estimation above, that 27  is approximately 5.2, is supported. 
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EXPLORE 

 
Pairs/Individuals 
 

 SP12-13* 
Estimating Square 
Roots  

 
Calculators 

 
• Students continue to estimate the square roots of non-perfect squares, 

first by finding the whole numbers between which they lie on the number 
line, and then by using linear interpolation. Use calculators as a check 
for reasonableness. 

 
PRACTICE 

 
Individuals  
 

 SP14 
More Square Root 
Estimates 

 
• Use for additional practice or homework. In order to help students 

practice number sense and estimation skills, stress that the calculator 
should be used for checking results only. 

 
SUMMARIZE 

 
Whole Class 
 

 SP12-13* 
Estimating Square 
Roots  

 
 SP14 
More Square Root 
Estimates 

 

 
• Discuss the problem below.  
 

How do you know that 20 is between 4 and 5? The two perfect squares 
closest to 20 below and above are 16 and 25, and we know that 16 = 4 and 25 = 5 .
 

CLOSURE 
 
Whole Class 
 

 SP10* 
 Ready, Set 

 
• Review the goals and standards for the lesson. 
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SELECTED SOLUTIONS 

21  = 1 22  = 4  23  = 9  24  = 16  25  = 25  
26  = 36  27  = 49  28  = 64  29  = 81 210  = 100  
211  = 121 212  = 144  213  = 169  214  = 196  215  = 225  
216  = 256  217  = 289  218  = 324  219  = 361 220  = 400  

SP11 
Table of Squares 

221  = 441 222  = 484  223  = 529  224  = 576  225  = 625  

SP12-13 
Estimating Square 
Roots 

1.  0  1  4  9  16  25  36  49  64  81  100  
 
 
  0 1 2 3 4 5 6 7 8 9 10 
2. 25 < 27 < 36 , but 27  is closer to 25 . 

 5< 27 < 6, but 27  is closer to 5. 

 27 25 2
36 25 11

 = −
−

 

 Therefore, 27  is about 5 2
11

 or 5.2 (number will vary) (calculator check: 5.2) 

3. 36  < 40  < 49 , but 40  is closer to 36 . 

 6< 40 < 7, but 40  is closer to 6. 

 40 36 4
49 36 13

 = −
−

 

 Therefore, 40  is about 6 4
13

 or 6.3 (number will vary) (calculator check: 6.3) 

4. 25 < 30  < 36 , but 30  is closer to 25 . 

5 < 30  < 6, but 30  is closer to 5. 
30 25 5
36 25 11

 = −
−

 

 Therefore, 30  is about 5 5
11

 or 5.5. (calculator check: 5.5) 

5. 64 < 77  < 81 , but 77  is closer to 81 . 

8 < 77 < 9, but 77  is closer to 9. 
77 64 13
81 64 17

 = −
−

 

 Therefore, 77  is about 8 13
17

 or 8.8. (calculator check: 8.8) 
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Number 
Between square 
roots of perfect 

squares: 

Between 
two 

integers: 

About 
(fraction): 

About 
(decimal): 

Calculator 
check 
(to the 
nearest 
tenth) 

1. 5  4  and 9  2 & 3 2 1
5

 2.2 2.2 

2. 500  
484  and 

529  
22 & 23 22 16

45
 22.4 22.4 

3. 220  
196  and 

225  
14 & 15 14 24

29
 14.8 14.8 

4. 78  64  and 81  8 & 9 8 14
17

 8.8 8.8 

5. 20  16  and 25  4 & 5 4 4
9

 4.4 4.5 

6. 303  
289  and 

324  
17 & 18 17 2

5
 17.4 17.4 

7. 267  
256  and 

289  
16 & 17 16 1

3
 16.3 16.3 

SP14 
More Square 
Roots Estimates 

8. Estimates are generally accurate to the nearest tenth. Then method is useful if a 
calculator is not available. Estimation develops number sense. 

 
 



 

STUDENT PAGES 
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SQUARES AND SQUARE ROOTS 
 

Ready (Summary) 
 

We will find squares and square roots 
of numbers, and approximate square 
roots that are not perfect squares. 

Set (Goals) 
 
• Understand geometrically and 

numerically the connection between 
squaring a number and finding the 
square root of a number.  

• Approximate a square root by 
locating it between two consecutive 
integers.  

• Use fractions and decimals to 
approximate square roots. 

 
Go (Warmup) 

 
Draw several squares of different sizes on the grid paper. Record the side length and 
area for each. 
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TABLE OF SQUARES 
 

Complete the table. 
 
 
 

21  = ______  

 
 
 

22  = ______ 

 
 
 

23  = ______  

 
 
 

24  = ______  

 
 
 

25  = ______ 

 
 
 

26  = ______  

 
 
 

27  = ______ 

 
 
 

28  = ______  

 
 
 

29  = ______  

 
 
 

210  = _____ 

 
 
 

211  = _____  

 
 
 

212  = ______ 

 
 
 

213  = _____  

 
 
 

214  = _____  

 
 
 

215  = _____ 

 
 
 

216  = _____  

 
 
 

217  = ______ 

 
 
 

218  = _____  

 
 
 

219  = _____  

 
 
 

220  = _____ 

 
 
 

221  = _____  

 
 
 

222  = _____ 

 
 
 

223  = _____  

 
 
 

224  = _____  

 
 
 

225  = _____ 
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ESTIMATING SQUARE ROOTS 
 
1. Locate the following numbers on the number line below: 
 

0  1  4  9  16  25  36  49  64  81 100
 
 

                      1  4  
 
          

  0          1 2 8 
 
 
 
 
2. Use the values on your number line to estimate the location of 27 . 
 
 25       < 27  < 36      , but 27  is closer to                .  
 
 
      5      < 27  <             , but 27  is closer to            . 
 

 Estimate the decimal part of 27  as a fraction.   27 25           = 
36 25

−
−

 

 

 Therefore, 27  is about          5 .  (calculator check:           ) 

 
 
 
3. Use the values on your number line to estimate the location of 40 . 

  
             < 40  <            , but 40  is closer to            .  
 
 
             < 40  <            , but 40  is closer to           . 
 

 Estimate the decimal part of 40  as a fraction.                     =  

 
 Therefore, 40  is about                .  (calculator check:                ) 
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ESTIMATING SQUARE ROOTS (continued) 
 
4. Use the values on your number line to estimate the location of 30 . 

  
             < 30  <            , but 30  is closer to            .  
 
 
             < 30  <            , but 30  is closer to           . 
 

 Estimate the decimal part of 30  as a fraction.                     =  

 
 Therefore, 30  is about                .  (calculator check:                ) 
 
 
 
 
 
 
5.  Use the values on your number line to estimate the location of 77 . 

  
             < 77  <            , but 77  is closer to            .  
 
 
             < 77  <            , but 77  is closer to           . 
 

 Estimate the decimal part of 77  as a fraction.                     =  

 
 Therefore, 77  is about                .  (calculator check:                ) 
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MORE SQUARE ROOT ESTIMATES 
 
Use fractions and decimals to approximate each square root. 
 

 A B C D E F 

 

Number Between 
square roots 

of perfect 
squares: 

 
Between 2 

consecutive 
integers: 

About 
(fraction): 

About 
(decimal): 

Calculator 
check 

(to nearest 
tenth) 

1. 5  4  and 9  2 and 3 2 1
5

 2.2 2.2 

2. 500       

3. 220       

4. 78       

5. 20       

6. 303       

7. 267       

 
8. Compare your square root estimates in columns C and D to the rounded answer in 

column E. What are some advantages and disadvantages of each? 
 


	21.2-TP.pdf
	SP divider.pdf
	21.2-SP.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




