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Name _____________________
Class ______________
Date _________


Activity P59: Magnetic Field of Helmholtz Coils
(Magnetic Field Sensor, Power Amplifier, Rotary Motion Sensor)
Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Magnetism
P59 Helmholtz Coils.DS
(See end of activity)
(See end of activity)

Equipment Needed
Qty
Equipment Needed
Qty

Magnetic Field Sensor (CI-6520)
1
Lab Jack (SE-9374)
2

Power Amplifier (CI-6552)
1
Mass and Hanger Set (ME-9348)
1

Rotary Motion Sensor (CI-6538)
1
Meter stick, wood
1

Base and Support Rod (ME-9355)
1
Patch Cord (SE-9750)
3

Helmholtz Coil (EM-6711)
2
String (SE-8050)
1 m

What Do You Think?

[image: image1.wmf]The purpose of this activity is to examine the magnetic field produced by the current in a pair of Helmholtz coils, and to measure the magnetic field strength between the coils and compare the measured value to the theoretical value. How does the strength of the magnetic field between the coils relate to the distance of separation between the Helmholtz coils?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.
Background

Helmholtz coils are a pair of coils that each has the same radius, R. The coils are usually placed parallel to each other a distance R apart and along the same axis. 

The magnetic field along the axis at the midpoint between the two coils is then given by


 EMBED "Equation" \* mergeformat  


where µo = 4 x 10-7 (tesla•meters)/amp, I is the current (amps) in one coil, R is the radius of the coil, and N is the number of turns of wire in one coil.


SAFETY REMINDER
· Follow all safety instructions.
[image: image16..pict]

For You To Do

In this activity, use the Power Amplifier to supply the current through the Helmholtz coils. Use the Magnetic Field Sensor to measure the strength of the magnetic field between the coils. Use the Rotary Motion Sensor to measure the position of the Magnetic Field Sensor as you move it along the axis of the two coils. 

Use DataStudio or ScienceWorkshop to control the Power Amplifier and measure and display the strength of the magnetic field and the position of the sensor. Compare the measured magnetic field strength to the theoretical magnetic field strength. Determine the relationship of the inter-coil strength of the magnetic field to the distance between the coils.

PART I: Computer Setup
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1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the Rotary Motion Sensor phone plugs to Digital Channel 1 and 2. 

3.
Connect the Magnetic Field Sensor DIN plug to Analog Channel A on the interface.

4.
Connect the Power Amplifier to Analog Channel B. Plug the power cord into the back of the Power Amplifier and connect the power cord to an appropriate electrical receptacle.


5.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P59 Helmholtz Coils.DS
(See end of activity)
(See end of activity)

•
The DataStudio document opens with a Digits display of magnetic field strength and current and a Graph display of Field Strength vs. Position. 

•
See the pages at the end of this activity for information about modifying a ScienceWorkshop file.

•
The Signal Generator is set to output DC at 10.0 V. It is set to Auto so it will start and stop automatically when start and stop measuring data.


PART II: Sensor Calibration & Equipment Setup
•
You do not need to calibrate the Magnetic Field Sensor or the Power Amplifier. The Magnetic Field Sensor produces a voltage that is directly proportional to the magnetic field strength as follows: 10 millvolts = 10 gauss (where 1000 gauss = 0.1 tesla). The sensor’s range is ±2000 gauss. 

•
Note: Depending on the strength of the magnetic field around the coils, you may want to increase the sensitivity of the Magnetic Field Sensor.

Range Select switch: Use this switch to select one of the three input ranges for the sensor. The ranges are as follows:


Gain
Range
Resolution
Accuracy

1X
±1000 gauss
0.5 gauss
100 gauss

10X
±100 gauss
0.05 gauss
10 gauss

100X
±10 gauss
0.005 gauss
1 gauss

•
For this activity, begin with the Range Select switch on the 1X setting. 

Equipment Setup

1.
Connect the Helmholtz coils in series with the output from the Power Amplifier. Use one patch cord to connect the positive terminal of the Power Amplifier to the positive terminal on the first coil. Use a second patch cord to connect the negative terminal on the first coil to the positive terminal on the second coil. Use the third patch cord to connect the negative terminal on the second coil to the negative terminal on the Power Amplifier.

[image: image6..pict]2.
Measure the radius of a coil. Record the radius in the Data section. Position the two coils so they are one radius, R, apart and parallel to each other. 

3.
Construct a ‘track’ for the Magnetic Field Sensor in the following way: Place a laboratory jack on each side of the Helmholtz coils to support the meter stick. Place the meter stick through the Helmholtz coils as shown with the 50-cm mark of the meter stick at the midpoint between the coils. 

4.
Adjust the position of the laboratory jacks so they are at least 30 cm from the center of the coils. 

5.
Adjust the height of the laboratory jacks so the Magnetic Field Sensor can move along the center line (vertically) of the two coils when it rests on the meter stick. Make sure the meter stick is level.

[image: image2.wmf]
6.
Remove the ‘O’ ring from the three-step pulley on the Rotary Motion Sensor. Mount the Rotary Motion Sensor on a support rod near the Magnetic Field Sensor. 

7.
Attach one end of a string to the Magnetic Field Sensor and place the string on the pulley of the Rotary Motion Sensor. Attach a mass hanger to the other end of the string so the string stays on the pulley of the sensor.

PART III: Data Recording
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%%EndAGDEmbeddedDoc
%%BeginResource: procset Altsys_header 4 0
userdict begin /AltsysDict 300 dict def end
AltsysDict begin
/bdf{bind def}bind def
/xdf{exch def}bdf
/defed{where{pop true}{false}ifelse}bdf
/ndf{1 index where{pop pop pop}{dup xcheck{bind}if def}ifelse}bdf
/d{setdash}bdf
/h{closepath}bdf
/H{}bdf
/J{setlinecap}bdf
/j{setlinejoin}bdf
/M{setmiterlimit}bdf
/n{newpath}bdf
/N{newpath}bdf
/q{gsave}bdf
/Q{grestore}bdf
/w{setlinewidth}bdf
/Xic{matrix invertmatrix concat}bdf
/Xq{matrix currentmatrix mark}bdf
/XQ{cleartomark setmatrix}bdf
/sepdef{
 dup where not
 {
AltsysSepDict
 }
 if 
 3 1 roll exch put
}bdf
/st{settransfer}bdf
/colorimage defed /_rci xdf
/cntr 0 def
/readbinarystring{
 /cntr 0 def
 
2 copy readstring
 {
{
dup
(\034) search
{
length exch pop exch
dup length 0 ne
{
dup dup 0 get 32 sub 0 exch put 
/cntr cntr 1 add def
}
{
pop 1 string dup
0 6 index read pop 32 sub put
}ifelse
3 copy
putinterval pop
1 add
1 index length 1 sub
1 index sub 
dup 0 le {pop pop exit}if
getinterval
}
{
pop exit
} ifelse
} loop
 }if
 cntr 0 gt
 {
pop 2 copy
dup length cntr sub cntr getinterval
readbinarystring
 } if
 pop exch pop
} bdf
/_NXLevel2 defed { 
 _NXLevel2 not {   
/colorimage where {
userdict eq {
/_rci false def 
} if
} if
 } if
} if
/md defed{ 
 md type /dicttype eq {  
/colorimage where { 
md eq { 
/_rci false def 
}if
}if
/settransfer where {
md eq {
/st systemdict /settransfer get def
}if
}if
 }if 
}if
/setstrokeadjust defed
{
 true setstrokeadjust
 /C{curveto}bdf
 /L{lineto}bdf
 /m{moveto}bdf
}
{
 /dr{transform .25 sub round .25 add 
exch .25 sub round .25 add exch itransform}bdf
 /C{dr curveto}bdf
 /L{dr lineto}bdf
 /m{dr moveto}bdf
 /setstrokeadjust{pop}bdf 
}ifelse
/privrectpath { 
 4 -2 roll m
 dtransform round exch round exch idtransform 
 2 copy 0 lt exch 0 lt xor
 {dup 0 exch rlineto exch 0 rlineto neg 0 exch rlineto}
 {exch dup 0 rlineto exch 0 exch rlineto neg 0 rlineto}
 ifelse
 closepath
}bdf
/rectclip{newpath privrectpath clip newpath}def
/rectfill{gsave newpath privrectpath fill grestore}def
/rectstroke{gsave newpath privrectpath stroke grestore}def
/_fonthacksave false def
/currentpacking defed 
{
 /_bfh {/_fonthacksave currentpacking def false setpacking} bdf
 /_efh {_fonthacksave setpacking} bdf
}
{
 /_bfh {} bdf
 /_efh {} bdf
}ifelse
/packedarray{array astore readonly}ndf
/` 
{ 
 false setoverprint  
 
 
 /-save0- save def
 5 index concat
 pop
 storerect left bottom width height rectclip
 pop
 
 /MMdict_count countdictstack def
 /MMop_count count 1 sub def
 userdict begin
 
 /showpage {} def
 
 0 setgray 0 setlinecap 1 setlinewidth
 0 setlinejoin 10 setmiterlimit [] 0 setdash newpath
 
} bdf
/currentpacking defed{true setpacking}if
/min{2 copy gt{exch}if pop}bdf
/max{2 copy lt{exch}if pop}bdf
/xformfont { currentfont exch makefont setfont } bdf
/fhnumcolors 1 
 statusdict begin
/processcolors defed 
{
pop processcolors
}
{
/deviceinfo defed {
deviceinfo /Colors known {
pop deviceinfo /Colors get
} if
} if
} ifelse
 end 
def
/printerRes 
 gsave
 matrix defaultmatrix setmatrix
 72 72 dtransform
 abs exch abs
 max
 grestore
 def
/graycalcs
[
 {Angle Frequency}   
 {GrayAngle GrayFrequency} 
 {0 Width Height matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
 {0 GrayWidth GrayHeight matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
] def
/calcgraysteps {
 forcemaxsteps
 {
maxsteps
 }
 {
/currenthalftone defed
{currenthalftone /dicttype eq}{false}ifelse
{
currenthalftone begin
HalftoneType 4 le
{graycalcs HalftoneType 1 sub get exec}
{
HalftoneType 5 eq
{
Default begin
{graycalcs HalftoneType 1 sub get exec}
end
}
{0 60} 
ifelse
}
ifelse
end
}
{
currentscreen pop exch 
}
ifelse
 
printerRes 300 max exch div exch 
2 copy 
sin mul round dup mul 
3 1 roll 
cos mul round dup mul 
add 1 add 
dup maxsteps gt {pop maxsteps} if 
dup minsteps lt {pop minsteps} if 
 }
 ifelse
} bdf
/nextrelease defed { 
 /languagelevel defed no�║�ю�пt {    
/framebuffer defed { 
0 40 string framebuffer 9 1 roll 8 {pop} repeat
dup 516 eq exch 520 eq or
{
/fhnumcolors 3 def
/currentscreen {60 0 {pop pop 1}}bdf
/calcgraysteps {maxsteps} bdf
}if
}if
 }if
}if
fhnumcolors 1 ne {
 /calcgraysteps {maxsteps} bdf
} if
/currentpagedevice defed {
 
 
 currentpagedevice /PreRenderingEnhance known
 {
currentpagedevice /PreRenderingEnhance get
{
/calcgraysteps 
{
forcemaxsteps 
{maxsteps}
{256 maxsteps min}
ifelse
} def
} if
 } if
} if
/gradfrequency 144 def
printerRes 1000 lt {
 /gradfrequency 72 def
} if
/adjnumsteps {
 
 dup dtransform abs exch abs max  
 
 printerRes div       
 
 gradfrequency mul      
 round        
 5 max       
 min        
}bdf
/goodsep {
 spots exch get 4 get dup sepname eq exch (_vc_Registration) eq or
}bdf
/BeginGradation defed
{/bb{BeginGradation}bdf}
{/bb{}bdf}
ifelse
/EndGradation defed
{/eb{EndGradation}bdf}
{/eb{}bdf}
ifelse
/bottom -0 def 
/delta -0 def 
/frac -0 def 
/height -0 def 
/left -0 def 
/numsteps1 -0 def 
/radius -0 def 
/right -0 def 
/top -0 def 
/width -0 def 
/xt -0 def 
/yt -0 def 
/df currentflat def 
/tempstr 1 string def 
/clipflatness currentflat def 
/inverted? 
 0 currenttransfer exec .5 ge def
/tc1 [0 0 0 1] def 
/tc2 [0 0 0 1] def 
/storerect{/top xdf /right xdf /bottom xdf /left xdf 
/width right left sub def /height top bottom sub def}bdf
/concatprocs{
 systemdict /packedarray known 
 {dup type /packedarraytype eq 2 index type /packedarraytype eq or}{false}ifelse
 { 
/proc2 exch cvlit def /proc1 exch cvlit def
proc1 aload pop proc2 aload pop
proc1 length proc2 length add packedarray cvx
 }
 { 
/proc2 exch cvlit def /proc1 exch cvlit def
/newproc proc1 length proc2 length add array def
newproc 0 proc1 putinterval newproc proc1 length proc2 putinterval
newproc cvx
 }ifelse
}bdf
/i{dup 0 eq
 {pop df dup} 
 {dup} ifelse 
 /clipflatness xdf setflat
}bdf
version cvr 38.0 le
{/setrgbcolor{
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
setrgbcolor}bdf}if
/vms {/vmsv save def} bdf
/vmr {vmsv restore} bdf
/vmrs{vmsv restore /vmsv save def}bdf
/eomode{ 
 {/filler /eofill load def /clipper /eoclip load def}
 {/filler /fill load def /clipper /clip load def}
 ifelse
}bdf
/normtaper{}bdf
/logtaper{9 mul 1 add log}bdf
/CD{
 /NF exch def 
 {    
exch dup 
/FID ne 1 index/UniqueID ne and
{exch NF 3 1 roll put}
{pop pop}
ifelse
 }forall 
 NF
}bdf
/MN{
 1 index length   
 /Len exch def 
 dup length Len add  
 string dup    
 Len     
 4 -1 roll    
 putinterval   
 dup     
 0      
 4 -1 roll   
 putinterval   
}bdf
/RC{4 -1 roll /ourvec xdf 256 string cvs(|______)anchorsearch
 {1 index MN cvn/NewN exch def cvn
 findfont dup maxlength dict CD dup/FontName NewN put dup
 /Encoding ourvec put NewN exch definefont pop}{pop}ifelse}bdf
/RF{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RC}
 ifelse
}bdf
/FF{dup 256 string cvs(|______)exch MN cvn dup FontDirectory exch known
 {exch pop findfont 3 -1 roll pop}
 {pop dup findfont dup maxlength dict CD dup dup
 /Encoding exch /Encoding get 256 array copy 7 -1 roll 
 {3 -1 roll dup 4 -2 roll put}forall put definefont}
 ifelse}bdf
/RCJ{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFJ 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFJ{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCJ} 
 ifelse
}bdf
/hasfont
{
 /resourcestatus where 
 {
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
 }
 {
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
 }
 ifelse
}bdf
/FDFJ
{
 dup   
 hasfont  
 not   
 {   
pop
/Ryumin-Light-83pv-RKSJ-H
hasfont 
{
/Ryumin-Light-83pv-RKSJ-H
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFJ{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup    �║�ю�п 
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFJ 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/GS {
 dup 
 hasfont 
 {
FFJ
curtextmtx makefont setfont
exch
5 1 roll
ts
pop
 } {
pop pop
ts
 } ifelse
} bdf
/RCK{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFK 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFK{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCK} 
 ifelse
}bdf
/hasfont
{
 /resourcestatus where 
 {
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
 }
 {
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
 }
 ifelse
}bdf
/FDFK
{
 dup   
 hasfont  
 not   
 {   
pop
/JCsm
hasfont 
{
/JCsm
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFK{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFK 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/RCTC{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFTC 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFTC{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCTC} 
 ifelse
}bdf
/FDFTC
{
 dup   
 hasfont  
 not   
 {   
pop
/DFMing-Lt-HK-BF
hasfont 
{
/DFMing-Lt-HK-BF
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFTC{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFTC 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/fps{
 currentflat   
 exch     
 dup 0 le{pop 1}if 
 {
dup setflat 3 index stopped
{1.3 mul dup 3 index gt{pop setflat pop pop stop}if} 
{exit} 
ifelse
 }loop 
 pop setflat pop pop
}bdf
/fp{100 currentflat fps}bdf
/clipper{clip}bdf 
/W{/clipper load 100 clipflatness dup setflat fps}bdf
userdict begin /BDFontDict 29 dict def end
BDFontDict begin
/bu{}def
/bn{}def
/setTxMode{av 70 ge{pop}if pop}def
/gm{m}def
/show{pop}def
/gr{pop}def
/fnt{pop pop pop}def
/fs{pop}def
/fz{pop}def
/lin{pop pop}def
/:M {pop pop} def
/sf {pop} def
/S {pop} def
/@b {pop pop pop pop pop pop pop pop} def
/_bdsave /save load def
/_bdrestore /restore load def
/save { dup /fontsave eq {null} {_bdsave} ifelse } def
/restore { dup null eq { pop } { _bdrestore } ifelse } def
/fontsave null def
end
/MacVec 256 array def 
MacVec 0 /Helvetica findfont
/Encoding get 0 128 getinterval putinterval
MacVec 127 /DEL put MacVec 16#27 /quotesingle put MacVec 16#60 /grave put
/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI
/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/US
MacVec 0 32 getinterval astore pop
/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacute
/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egrave
/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacute
/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresis
/dagger/degree/cent/sterling/section/bullet/paragraph/germandbls
/registered/copyright/trademark/acute/dieresis/notequal/AE/Oslash
/infinity/plusminus/lessequal/greaterequal/yen/mu/partialdiff/summation
/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/osl�║�ю�пash 
/questiondown/exclamdown/logicalnot/radical/florin/approxequal/Delta/guillemotleft
/guillemotright/ellipsis/nbspace/Agrave/Atilde/Otilde/OE/oe
/endash/emdash/quotedblleft/quotedblright/quoteleft/quoteright/divide/lozenge
/ydieresis/Ydieresis/fraction/currency/guilsinglleft/guilsinglright/fi/fl
/daggerdbl/periodcentered/quotesinglbase/quotedblbase
/perthousand/Acircumflex/Ecircumflex/Aacute
/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/Ocircumflex
/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tilde
/macron/breve/dotaccent/ring/cedilla/hungarumlaut/ogonek/caron
MacVec 128 128 getinterval astore pop
/findheaderfont {
 /Helvetica findfont 
} def
end %. AltsysDict
%%EndResource
%%EndProlog
%%BeginSetup
AltsysDict begin
_bfh 
%%IncludeResource: font Helvetica-Bold
MacVec 256 array copy
/f0 /|______Helvetica-Bold dup RF findfont def
_efh 
end %. AltsysDict
%%EndSetup
AltsysDict begin 
/onlyk4{false}ndf
/ccmyk{dup 5 -1 roll sub 0 max exch}ndf
/cmyk2gray{
 4 -1 roll 0.3 mul 4 -1 roll 0.59 mul 4 -1 roll 0.11 mul
 add add add 1 min neg 1 add
}bdf
/setcmykcolor{1 exch sub ccmyk ccmyk ccmyk pop setrgbcolor}ndf
/maxcolor { 
 max max max  
} ndf
/maxspot {
 pop
} ndf
/setcmykcoloroverprint{4{dup -1 eq{pop 0}if 4 1 roll}repeat setcmykcolor}ndf
/findcmykcustomcolor{5 packedarray}ndf
/setcustomcolor{exch aload pop pop 4{4 index mul 4 1 roll}repeat setcmykcolor pop}ndf
/setseparationgray{setgray}ndf
/setoverprint{pop}ndf 
/currentoverprint false ndf
/cmykbufs2gray{
 0 1 2 index length 1 sub
 { 
4 index 1 index get 0.3 mul 
4 index 2 index get 0.59 mul 
4 index 3 index get 0.11 mul 
4 index 4 index get 
add add add cvi 255 min
255 exch sub
2 index 3 1 roll put
 }for
 4 1 roll pop pop pop
}bdf
/colorimage{
 pop pop
 [
5 -1 roll/exec cvx 
6 -1 roll/exec cvx 
7 -1 roll/exec cvx 
8 -1 roll/exec cvx
/cmykbufs2gray cvx
 ]cvx 
 image
}
%. version 47.1 on Linotronic of Postscript defines colorimage incorrectly (rgb model only)
version cvr 47.1 le 
statusdict /product get (Lino) anchorsearch{pop pop true}{pop false}ifelse
and{userdict begin bdf end}{ndf}ifelse
fhnumcolors 1 ne {/yt save def} if
/customcolorimage{
 aload pop
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
ic im iy ik cmyk2gray /xt xdf
currenttransfer
{dup 1.0 exch sub xt mul add}concatprocs
st 
image
 }
 ifelse
}ndf
fhnumcolors 1 ne {yt restore} if
fhnumcolors 3 ne {/yt save def} if
/customcolorimage{
 aload pop 
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
1.0 dup ic ik add min sub 
1.0 dup im ik add min sub 
1.0 dup iy ik add min sub 
/ic xdf /iy xdf /im xdf
currentcolortransfer
4 1 roll 
{dup 1.0 exch sub ic mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub iy mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub im mul add}concatprocs 4 1 roll 
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}true 3 colorimage
 }
 ifelse
}ndf
fhnumcolors 3 ne {yt restore} if
fhnumcolors 4 ne {/yt save def} if
/customcolorimage{
 aload pop
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
currentcolortransfer
{1.0 exch sub ik mul ik sub 1 add}concatprocs 4 1 roll
{1.0 exch sub iy mul iy sub 1 add}concatprocs 4 1 roll
{1.0 exch sub im mul im sub 1 add}concatprocs 4 1 roll
{1.0 exch sub ic mul ic sub 1 add}concatprocs 4 1 roll
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}{dummy}
true 4 colorimage
 }
 ifelse
}ndf
fhnumcolors 4 ne {yt restore} if
/separationimage{image}ndf
/spotascmyk false ndf
/newcmykcustomcolor{6 packedarray}ndf
/inkoverprint false ndf
/setinkoverprint{pop}ndf 
/setspotcolor { 
 spots exch get
 dup 4 get (_vc_Registration) eq
 {pop 1 exch sub setseparationgray}
 {0 5 getinterval exch setcustomcolor}
 ifelse
}ndf
/currentcolortransfer{currenttransfer dup dup dup}ndf
/setcolortransfer{st pop pop pop}ndf
/fas{}ndf
/sas{}ndf
/fhsetspreadsize{pop}ndf
/filler{fill}bdf 
/F{gsave {filler}fp grestore}bdf
/f{closepath F}bdf
/S{gsave {stroke}fp gres�║�ю�пtore}bdf
/s{closepath S}bdf
 
 userdict /islevel2
 systemdict /languagelevel known dup
 {
pop systemdict /languagelevel get 2 ge
 } if
 put
 
 islevel2 not
 {
/currentcmykcolor
{
0 0 0 1 currentgray sub
} ndf
 } if
 
 /tc
 {
gsave
setcmykcolor currentcmykcolor
grestore
 } bind def
 /testCMYKColorThrough
 {
tc add add add 0 ne
 } bind def
 /fhiscomposite where not {
userdict /fhiscomposite
islevel2
{
gsave 1 1 1 1 setcmykcolor currentcmykcolor grestore
add add add 4 eq
}
{
1 0 0 0 testCMYKColorThrough
0 1 0 0 testCMYKColorThrough
0 0 1 0 testCMYKColorThrough
0 0 0 1 testCMYKColorThrough
and and and
} ifelse
put
 }
 { pop }
 ifelse
/bc4 [0 0 0 0] def 
/_lfp4 {
 1 pop 
 /yt xdf       
 /xt xdf       
 /ang xdf      
 storerect
 /taperfcn xdf
 /k2 xdf /y2 xdf /m2 xdf /c2 xdf
 /k1 xdf /y1 xdf /m1 xdf /c1 xdf
 c1 c2 sub abs
 m1 m2 sub abs
 y1 y2 sub abs
 k1 k2 sub abs
 maxcolor      
 calcgraysteps mul abs round  
 height abs adjnumsteps   
 dup 1 lt {pop 1} if    
 1 sub /numsteps1 xdf
 currentflat mark    
 currentflat clipflatness  
 /delta top bottom sub numsteps1 1 add div def 
 /right right left sub def  
 /botsv top delta sub def  
 {
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
taperfcn /frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/bcs [0 0] def 
/_lfs4 {
 /yt xdf       
 /xt xdf       
 /ang xdf      
 storerect
 /taperfcn xdf
 /tint2 xdf      
 /tint1 xdf      
 bcs exch 1 exch put    
 tint1 tint2 sub abs    
 bcs 1 get maxspot    
 calcgraysteps mul abs round  
 height abs adjnumsteps   
 dup 2 lt {pop 2} if    
 1 sub /numsteps1 xdf
 currentflat mark    
 currentflat clipflatness  
 /delta top bottom sub numsteps1 1 add div def 
 /right right left sub def  
 /botsv top delta sub def  
 {
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 div taperfcn /frac xdf
bcs 0
1.0 tint2 tint1 sub frac mul tint1 add sub
put bcs vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/_rfs6 {
 /tint2 xdf      
 /tint1 xdf      
 bcs exch 1 exch put    
 /inrad xdf      
 /radius xdf      
 /yt xdf       
 /xt xdf       
 tint1 tint2 sub abs    
 bcs 1 get maxspot    
 calcgraysteps mul abs round  
 radius inrad sub abs   
 adjnumsteps      
 dup 1 lt {pop 1} if    
 1 sub /numsteps1 xdf
 radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
 2 div /halfstep xdf    
 currentflat mark    
 currentflat clipflatness  
 {
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bcs 0
tint2 tint1 sub frac mul tint1 add
put bcs vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/_rfp6 {
 1 pop 
 /k2 xdf /y2 xdf /m2 xdf �║�ю�п/c2 xdf
 /k1 xdf /y1 xdf /m1 xdf /c1 xdf
 /inrad xdf      
 /radius xdf      
 /yt xdf       
 /xt xdf       
 c1 c2 sub abs
 m1 m2 sub abs
 y1 y2 sub abs
 k1 k2 sub abs
 maxcolor     
 calcgraysteps mul abs round 
 radius inrad sub abs  
 adjnumsteps     
 dup 1 lt {pop 1} if   
 1 sub /numsteps1 xdf
 radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
 2 div /halfstep xdf   
 currentflat mark   
 currentflat clipflatness 
 {
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/lfp4{_lfp4}ndf
/lfs4{_lfs4}ndf
/rfs6{_rfs6}ndf
/rfp6{_rfp6}ndf
/cvc [0 0 0 1] def 
/vc{
 AltsysDict /cvc 2 index put 
 aload length dup 4 eq
 {pop dup -1 eq{pop setrgbcolor}{setcmykcolor}ifelse}
 {6 eq {sethexcolor} {setspotcolor} ifelse }
 ifelse
}bdf 
0 setseparationgray
/imgr {1728 1548 2340 2340 } def 
/bleed 0 def 
/clpr {1728 1548 2340 2340 } def 
/xs 1 def 
/ys 1 def 
/botx 0 def 
/overlap 0 def 
/wdist 18 def 
0 2 mul fhsetspreadsize 
0 0 ne {/df 0 def /clipflatness 0 def} if 
/maxsteps 256 def 
/forcemaxsteps false def 
/minsteps 0 def 
 userdict begin /AGDOrigMtx matrix currentmatrix def end 
vms
-2019 -1839 translate
/currentpacking defed{false setpacking}if 
/spots[
1 0 0 0 (Process Cyan) false newcmykcustomcolor
0 1 0 0 (Process Magenta) false newcmykcustomcolor
0 0 1 0 (Process Yellow) false newcmykcustomcolor
0 0 0 1 (Process Black) false newcmykcustomcolor
]def
/textopf false def
/curtextmtx{}def
/otw .25 def
/msf{dup/curtextmtx xdf makefont setfont}bdf
/makesetfont/msf load def
/curtextheight{.707104 .707104 curtextmtx dtransform
 dup mul exch dup mul add sqrt}bdf
/ta2{ 
tempstr 2 index gsave exec grestore 
cwidth cheight rmoveto 
4 index eq{5 index 5 index rmoveto}if 
2 index 2 index rmoveto 
}bdf
/ta{exch systemdict/cshow known
{{/cheight xdf/cwidth xdf tempstr 0 2 index put ta2}exch cshow} 
{{tempstr 0 2 index put tempstr stringwidth/cheight xdf/cwidth xdf ta2}forall} 
ifelse 6{pop}repeat}bdf
/sts{/textopf currentoverprint def vc setoverprint
/ts{awidthshow}def exec textopf setoverprint}bdf
/stol{/xt currentlinewidth def 
 setlinewidth vc newpath 
 /ts{{false charpath stroke}ta}def exec 
 xt setlinewidth}bdf 
 
/strk{/textopf currentoverprint def vc setoverprint
 /ts{{false charpath stroke}ta}def exec 
 textopf setoverprint
 }bdf 
n
[] 0 d
3.863708 M
1 w
0 j
0 J
false setoverprint
0 i
false eomode
[0 0 0 1] vc
vms
2032.8064 1873.3641 m
2032.8064 1839.8841 L
2070.6064 1839.8841 L
2070.6064 1873.3641 L
1.0001 w
3.863693 M
S 
n
2026.8039 1880.5485 m
2027.377 1880.5485 2027.9259 1880.3368 2028.3312 1879.9315 C
2028.7365 1879.5262 2028.9639 1878.9773 2028.9639 1878.4041 C
2028.9639 1875.5241 L
2028.9639 1874.9509 2029.1912 1874.4021 2029.5965 1873.9968 C
2030.0018 1873.5915 2030.5507 1873.3641 2031.1239 1873.3641 C
2072.1639 1873.3641 L
2072.737 1873.3641 2073.2859 1873.5915 2073.6912 1873.9968 C
2074.0965 1874.4021 2074.3239 1874.9509 2074.3239 1875.5241 C
2074.3239 1878.4041 L
2074.3239 1878.9773 2074.5512 1879.5262 2074.9565 1879.9315 C
2075.3618 1880.3368 2075.9107 1880.5641 2076.4839 1880.5641 C
2078.427 1880.5647 L
2080.9123 1880.5647 2082.9283 1882.5225 2082.9283 1885.0078 C
2082.9291 2042.2805 L
2082.9291 2044.1466 2081.8108 2045.7474 2080.2016 2046.4292 C
2080.2017 2052.1625 L
2080.2017 2052.7548 2079.9668 2053�║�ю�п.3219 2079.548 2053.7408 C
2079.1292 2054.1596 2078.562 2054.3945 2077.9697 2054.3945 C
2031.8915 2054.3945 L
2031.2992 2054.3945 2030.7321 2054.1596 2030.3133 2053.7408 C
2029.8945 2053.3219 2029.6595 2052.7548 2029.6595 2052.1625 C
2029.6595 2046.7809 L
2024.9147 2046.7826 L
2022.4294 2046.7826 2020.4147 2044.7991 2020.4147 2042.3138 C
2020.4127 1885.0981 L
2020.4127 1882.6127 2022.3961 1880.598 2024.8814 1880.598 C
2026.8039 1880.5485 L
[0 0 0 0.15]  vc
f 
[0 0 0 1]  vc
S 
n
2071.8842 2011.8268 m
2071.8842 1900.8694 L
2071.8842 1899.08 2070.4336 1897.6294 2068.6442 1897.6294 C
2035.171 1897.6294 L
2033.3816 1897.6294 2031.931 1899.08 2031.931 1900.8694 C
2031.931 2011.8268 L
2031.931 2013.6162 2033.3816 2015.0668 2035.171 2015.0668 C
2068.6442 2015.0668 L
2070.4336 2015.0668 2071.8842 2013.6162 2071.8842 2011.8268 C
f 
n
2067.3911 2007.3139 m
2067.3911 1905.4339 L
2067.3911 1903.6445 2065.9405 1902.1939 2064.1511 1902.1939 C
2039.6711 1902.1939 L
2037.8817 1902.1939 2036.4311 1903.6445 2036.4311 1905.4339 C
2036.4311 2007.3139 L
2036.4311 2009.1033 2037.8817 2010.5539 2039.6711 2010.5539 C
2064.1511 2010.5539 L
2065.9405 2010.5539 2067.3911 2009.1033 2067.3911 2007.3139 C
1 w
3.863708 M
[0 0 0 0]  vc
s 
n
2059.1478 1952.2882 m
2044.5781 1952.2882 L
2044.5781 1945.7883 L
2059.1478 1945.7883 L
2059.1478 1952.2882 L
n
q
%%IncludeResource: font Helvetica-Bold
{
f0 [5.5 0 0 5.5 0 0] makesetfont
2044.585983 1947.88826 m
0 0 32 0 0 (T) ts
-0.417938 0 rmoveto }
false
[0 0 0 0]sts
{
f0 [5.5 0 0 5.5 0 0] makesetfont
0 0 32 0 0 (ARE) ts
}
false
[0 0 0 0]sts
Q
false eomode
2062.3646 1914.2477 m
2040.6462 1914.2477 L
2040.6462 1902.2478 L
2062.3646 1902.2478 L
2062.3646 1914.2477 L
n
q
%%IncludeResource: font Helvetica-Bold
{
f0 [5.5 0 0 5.5 0 0] makesetfont
2041.574234 1909.847748 m
0 0 32 0 0 (RANGE) ts
}
false
[0 0 0 0]sts
{
f0 [5.5 0 0 5.5 0 0] makesetfont
2040.65712 1904.347748 m
0 0 32 0 0 (SELECT) ts
}
false
[0 0 0 0]sts
Q
false eomode
2062.9625 1972.9591 m
2041.0385 1972.9591 L
0.5 w
[0 0 0 0]  vc
false setoverprint
S 
n
2063.1698 1984.3509 m
2040.8489 1984.3509 L
2040.8489 1972.351 L
2063.1698 1972.351 L
2063.1698 1984.3509 L
n
q
%%IncludeResource: font Helvetica-Bold
{
f0 [5.5 0 0 5.5 0 0] makesetfont
2040.85759 1979.950943 m
0 0 32 0 0 (RADIAL\/) ts
}
false
[0 0 0 0]sts
{
f0 [5.5 0 0 5.5 0 0] makesetfont
2043.759323 1974.450943 m
0 0 32 0 0 (AXIAL) ts
}
false
[0 0 0 0]sts
Q
false eomode
2057.5014 2006.5791 m
2054.1264 2005.4541 L
2057.5014 2004.3291 L
2057.5014 2006.5791 L
[0 0 0 0]  vc
false setoverprint
f 
n
2053.6764 2005.4541 m
2062.6764 2005.4541 L
3.863693 M
S 
n
2061.3264 2006.5791 m
2057.9514 2005.4541 L
2061.3264 2004.3291 L
2061.3264 2006.5791 L
f 
n
2057.5014 2002.0791 m
2054.1264 2000.9541 L
2057.5014 1999.8291 L
2057.5014 2002.0791 L
f 
n
2053.6764 2000.9541 m
2062.6764 2000.9541 L
S 
n
2061.3264 2002.0791 m
2057.9514 2000.9541 L
2061.3264 1999.8291 L
2061.3264 2002.0791 L
f 
n
2054.864 1991.3166 m
2055.989 1987.9416 L
2057.114 1991.3166 L
2054.864 1991.3166 L
f 
n
2055.989 1987.4916 m
2055.989 1996.4916 L
S 
n
2054.864 1995.1416 m
2055.989 1991.7666 L
2057.114 1995.1416 L
2054.864 1995.1416 L
f 
n
2059.364 1991.3166 m
2060.489 1987.9416 L
2061.614 1991.3166 L
2059.364 1991.3166 L
f 
n
2060.489 1987.4916 m
2060.489 1996.4916 L
S 
n
vmrs
2059.364 1995.1416 m
2060.489 1991.7666 L
2061.614 1995.1416 L
2059.364 1995.1416 L
[0 0 0 0]  vc
f 
n
2062.9625 1944.0841 m
2041.0385 1944.0841 L
0.5 w
S 
n
2064.4797 1930.3825 m
2051.6205 1930.3825 L
2051.6205 1923.9266 L
2064.4797 1923.9266 L
2064.4797 1930.3825 L
n
q
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2064.4797 1922.4625 m
2051.6205 1922.4625 L
2051.6205 1916.0066 L
2064.4797 1916.0066 L
2064.4797 1922.4625 L
n
q
%%IncludeResource: font Helvetica-Bold
{
f0 [5.5 0 0 5.5 0 0] makesetfont
2051.627625 1918.062592 m
0 0 32 0 0 (100X) ts
}
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Q
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2064.4797 1938.3025 m
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�25 L
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n
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2049.8822 2008.4569 m
2049.8822 1985.7049 L
2038.5062 1985.7049 L
2038.5062 2008.4569 L
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[0 0 0 0.2]  vc
false setoverprint
f 
1 w
[0 0 0 1]  vc
S 
n
2050.6838 1938.8015 m
2050.6838 1916.0495 L
2039.3078 1916.0495 L
2039.3078 1938.8015 L
2050.6838 1938.8015 L
[0 0 0 0.2]  vc
f 
[0 0 0 1]  vc
S 
n
2039.2699 1963.4435 m
2039.2699 1968.096 2043.0414 1971.8675 2047.6939 1971.8675 C
2052.3464 1971.8675 2056.1179 1968.096 2056.1179 1963.4435 C
2056.1179 1958.791 2052.3464 1955.0195 2047.6939 1955.0195 C
2043.0414 1955.0195 2039.2699 1958.791 2039.2699 1963.4435 C
[0 0 0 0.2]  vc
f 
[0 0 0 1]  vc
S 
n
2048.6937 2006.0836 m
2048.6937 1997.0836 L
2039.6937 1997.0836 L
2039.6937 2006.0836 L
2048.6937 2006.0836 L
[0 0 0 0.7]  vc
f 
[0 0 0 1]  vc
S 
n
2049.475 1931.9274 m
2049.475 1922.9274 L
2040.475 1922.9274 L
2040.475 1931.9274 L
2049.475 1931.9274 L
[0 0 0 0.7]  vc
f 
[0 0 0 1]  vc
S 
n
2043.1939 1963.457 m
2043.1939 1965.9423 2045.2086 1967.957 2047.6939 1967.957 C
2050.1792 1967.957 2052.1939 1965.9423 2052.1939 1963.457 C
2052.1939 1960.9717 2050.1792 1958.957 2047.6939 1958.957 C
2045.2086 1958.957 2043.1939 1960.9717 2043.1939 1963.457 C
[0 0 0 0.7]  vc
f 
[0 0 0 1]  vc
S 
n
2073.6314 2013.3943 m
2073.6314 1899.2072 L
2073.6314 1897.3431 2072.1203 1895.832 2070.2562 1895.832 C
2033.5066 1895.832 L
2031.6425 1895.832 2030.1314 1897.3431 2030.1314 1899.2072 C
2030.1314 2013.3943 L
2030.1314 2015.2584 2031.6425 2016.7695 2033.5066 2016.7695 C
2070.2562 2016.7695 L
2072.1203 2016.7695 2073.6314 2015.2584 2073.6314 2013.3943 C
s 
n
2051.9425 2054.457 m
2051.9425 2016.7695 L
1.0001 w
3.863693 M
S 
n
2051.9425 1895.832 m
2051.9425 1873.3633 L
S 
n
2076.4839 1880.5641 m
2026.8039 1880.5485 L
S 
n
2029.6595 2046.7809 m
2078.5197 2046.7805 L
2079.1389 2046.7805 2079.6676 2046.6555 2080.2016 2046.4292 C
S 
n
2073.8829 2054.9369 m
2073.8829 2054.3934 L
2035.8388 2054.3934 L
2035.8388 2054.9369 L
2073.8829 2054.9369 L
[0 0 0 0.15]  vc
f 
1 w
3.863708 M
[0 0 0 1]  vc
S 
n
2066.118 2270.9372 m
2066.118 2054.9372 L
2043.654 2054.9372 L
2043.654 2270.9372 L
2066.118 2270.9372 L
[0 0 0 0.3]  vc
f 
[0 0 0 1]  vc
S 
n
vmrs
2054.886 2270.9414 m
2054.886 2054.9258 L
S 
n
vmr
vmr
end
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1.
Hold the Magnetic Field Sensor away from any magnetic field sources. Zero the sensor by clicking the TARE button on the top of the sensor bos.

2.
Select the AXIAL field by clicking the AXIAL/RADIAL SELECT SWITCH on the top of the Magnetic Field Sensor.

3.
Place the sensor box on top of the meter stick with the end of the sensor rod aligned with the 30-cm mark, facing toward the coils. Hold the sensor in place.

4.
Turn on the power switch on the back of the Power Amplifier. 

•
Note: The red light-emitting diode (LED) on the front of the Power Amplifier may light up. This indicates that the Power Amplifier is providing maximum current. 

5.
Start measuring data. (Click ‘Start’ in DataStudio or ‘REC’ in ScienceWorkshop.) 

6.
Record the value shown in the Digits display for Current in the Data section.

7.
Slowly and steadily move the Magnetic Field Sensor along the meter stick from the 30-cm mark to the 70-cm mark. 
• 
Observe the field strength in the Digits display.

8.
Stop measuring data when you reach the 70-cm mark. 

9.
Turn off the Power Amplifier.

Optional

•
Hold the Magnetic Field Sensor in your hand. Click MON to monitor data. Use the sensor to explore the entire volume between the two coils. Pay attention to how much variation there is in the field as the sensor is moved away from the center.

•
If it is possible to change the separation between the coils, repeat the data measurement with the coils separated by 1.5 R instead of R. Change the separation again to 0.5 R and repeat the data measurement.

Analyzing the Data
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%%BeginResource: procset Altsys_header 4 0
userdict begin /AltsysDict 300 dict def end
AltsysDict begin
/bdf{bind def}bind def
/xdf{exch def}bdf
/defed{where{pop true}{false}ifelse}bdf
/ndf{1 index where{pop pop pop}{dup xcheck{bind}if def}ifelse}bdf
/d{setdash}bdf
/h{closepath}bdf
/H{}bdf
/J{setlinecap}bdf
/j{setlinejoin}bdf
/M{setmiterlimit}bdf
/n{newpath}bdf
/N{newpath}bdf
/q{gsave}bdf
/Q{grestore}bdf
/w{setlinewidth}bdf
/Xic{matrix invertmatrix concat}bdf
/Xq{matrix currentmatrix mark}bdf
/XQ{cleartomark setmatrix}bdf
/sepdef{
 dup where not
 {
AltsysSepDict
 }
 if 
 3 1 roll exch put
}bdf
/st{settransfer}bdf
/colorimage defed /_rci xdf
/cntr 0 def
/readbinarystring{
 /cntr 0 def
 
2 copy readstring
 {
{
dup
(\034) search
{
length exch pop exch
dup length 0 ne
{
dup dup 0 get 32 sub 0 exch put 
/cntr cntr 1 add def
}
{
pop 1 string dup
0 6 index read pop 32 sub put
}ifelse
3 copy
putinterval pop
1 add
1 index length 1 sub
1 index sub 
dup 0 le {pop pop exit}if
getinterval
}
{
pop exit
} ifelse
} loop
 }if
 cntr 0 gt
 {
pop 2 copy
dup length cntr sub cntr getinterval
readbinarystring
 } if
 pop exch pop
} bdf
/_NXLevel2 defed { 
 _NXLevel2 not {   
/colorimage where {
userdict eq {
/_rci false def 
} if
} if
 } if
} if
/md defed{ 
 md type /dicttype eq {  
/colorimage where { 
md eq { 
/_rci false def 
}if
}if
/settransfer where {
md eq {
/st systemdict /settransfer get def
}if
}if
 }if 
}if
/setstrokeadjust defed
{
 true setstrokeadjust
 /C{curveto}bdf
 /L{lineto}bdf
 /m{moveto}bdf
}
{
 /dr{transform .25 sub round .25 add 
exch .25 sub round .25 add exch itransform}bdf
 /C{dr curveto}bdf
 /L{dr lineto}bdf
 /m{dr moveto}bdf
 /setstrokeadjust{pop}bdf 
}ifelse
/privrectpath { 
 4 -2 roll m
 dtransform round exch round exch idtransform 
 2 copy 0 lt exch 0 lt xor
 {dup 0 exch rlineto exch 0 rlineto neg 0 exch rl�°�ј�–ineto}
 {exch dup 0 rlineto exch 0 exch rlineto neg 0 rlineto}
 ifelse
 closepath
}bdf
/rectclip{newpath privrectpath clip newpath}def
/rectfill{gsave newpath privrectpath fill grestore}def
/rectstroke{gsave newpath privrectpath stroke grestore}def
/_fonthacksave false def
/currentpacking defed 
{
 /_bfh {/_fonthacksave currentpacking def false setpacking} bdf
 /_efh {_fonthacksave setpacking} bdf
}
{
 /_bfh {} bdf
 /_efh {} bdf
}ifelse
/packedarray{array astore readonly}ndf
/` 
{ 
 false setoverprint  
 
 
 /-save0- save def
 5 index concat
 pop
 storerect left bottom width height rectclip
 pop
 
 /MMdict_count countdictstack def
 /MMop_count count 1 sub def
 userdict begin
 
 /showpage {} def
 
 0 setgray 0 setlinecap 1 setlinewidth
 0 setlinejoin 10 setmiterlimit [] 0 setdash newpath
 
} bdf
/currentpacking defed{true setpacking}if
/min{2 copy gt{exch}if pop}bdf
/max{2 copy lt{exch}if pop}bdf
/xformfont { currentfont exch makefont setfont } bdf
/fhnumcolors 1 
 statusdict begin
/processcolors defed 
{
pop processcolors
}
{
/deviceinfo defed {
deviceinfo /Colors known {
pop deviceinfo /Colors get
} if
} if
} ifelse
 end 
def
/printerRes 
 gsave
 matrix defaultmatrix setmatrix
 72 72 dtransform
 abs exch abs
 max
 grestore
 def
/graycalcs
[
 {Angle Frequency}   
 {GrayAngle GrayFrequency} 
 {0 Width Height matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
 {0 GrayWidth GrayHeight matrix defaultmatrix idtransform 
dup mul exch dup mul add sqrt 72 exch div} 
] def
/calcgraysteps {
 forcemaxsteps
 {
maxsteps
 }
 {
/currenthalftone defed
{currenthalftone /dicttype eq}{false}ifelse
{
currenthalftone begin
HalftoneType 4 le
{graycalcs HalftoneType 1 sub get exec}
{
HalftoneType 5 eq
{
Default begin
{graycalcs HalftoneType 1 sub get exec}
end
}
{0 60} 
ifelse
}
ifelse
end
}
{
currentscreen pop exch 
}
ifelse
 
printerRes 300 max exch div exch 
2 copy 
sin mul round dup mul 
3 1 roll 
cos mul round dup mul 
add 1 add 
dup maxsteps gt {pop maxsteps} if 
dup minsteps lt {pop minsteps} if 
 }
 ifelse
} bdf
/nextrelease defed { 
 /languagelevel defed not {    
/framebuffer defed { 
0 40 string framebuffer 9 1 roll 8 {pop} repeat
dup 516 eq exch 520 eq or
{
/fhnumcolors 3 def
/currentscreen {60 0 {pop pop 1}}bdf
/calcgraysteps {maxsteps} bdf
}if
}if
 }if
}if
fhnumcolors 1 ne {
 /calcgraysteps {maxsteps} bdf
} if
/currentpagedevice defed {
 
 
 currentpagedevice /PreRenderingEnhance known
 {
currentpagedevice /PreRenderingEnhance get
{
/calcgraysteps 
{
forcemaxsteps 
{maxsteps}
{256 maxsteps min}
ifelse
} def
} if
 } if
} if
/gradfrequency 144 def
printerRes 1000 lt {
 /gradfrequency 72 def
} if
/adjnumsteps {
 
 dup dtransform abs exch abs max  
 
 printerRes div       
 
 gradfrequency mul      
 round        
 5 max       
 min        
}bdf
/goodsep {
 spots exch get 4 get dup sepname eq exch (_vc_Registration) eq or
}bdf
/BeginGradation defed
{/bb{BeginGradation}bdf}
{/bb{}bdf}
ifelse
/EndGradation defed
{/eb{EndGradation}bdf}
{/eb{}bdf}
ifelse
/bottom -0 def 
/delta -0 def 
/frac -0 def 
/height -0 def 
/left -0 def 
/numsteps1 -0 def 
/radius -0 def 
/right -0 def 
/top -0 def 
/width -0 def 
/xt -0 def 
/yt -0 def 
/df currentflat def 
/tempstr 1 string def 
/clipflatness currentflat def 
/inverted? 
 0 currenttransfer exec .5 ge def
/tc1 [0 0 0 1] def 
/tc2 [0 0 0 1] def 
/storerect{/top xdf /right xdf /bottom xdf /left xdf 
/width right left sub def /height top bottom sub def}bdf
/concatprocs{
 systemdict /packedarray known 
 {dup type /packedarraytype eq 2 index type /packedarraytype eq or}{false}ifelse
 { 
/proc2 exch cvlit def /proc1 exch cvlit def
proc1 aload pop proc2 aload pop
proc1 length proc2 length add packedarray cvx
 }
 { 
/proc2 exch cvlit def /proc1 exch cvlit def
/newproc proc1 length proc2 length add array def
newproc 0 proc1 putinterval newproc proc1 length proc2 putinterval
newproc cvx
 }ifelse
}bdf
/i{dup 0 eq
 {pop df dup} 
 {dup} ifelse 
 /clipflatness xdf setflat
}bdf
version cvr 38.0 le
{/setrgbcolor{
currenttransfer exec 3 1 �°�ј�–roll
currenttransfer exec 3 1 roll
currenttransfer exec 3 1 roll
setrgbcolor}bdf}if
/vms {/vmsv save def} bdf
/vmr {vmsv restore} bdf
/vmrs{vmsv restore /vmsv save def}bdf
/eomode{ 
 {/filler /eofill load def /clipper /eoclip load def}
 {/filler /fill load def /clipper /clip load def}
 ifelse
}bdf
/normtaper{}bdf
/logtaper{9 mul 1 add log}bdf
/CD{
 /NF exch def 
 {    
exch dup 
/FID ne 1 index/UniqueID ne and
{exch NF 3 1 roll put}
{pop pop}
ifelse
 }forall 
 NF
}bdf
/MN{
 1 index length   
 /Len exch def 
 dup length Len add  
 string dup    
 Len     
 4 -1 roll    
 putinterval   
 dup     
 0      
 4 -1 roll   
 putinterval   
}bdf
/RC{4 -1 roll /ourvec xdf 256 string cvs(|______)anchorsearch
 {1 index MN cvn/NewN exch def cvn
 findfont dup maxlength dict CD dup/FontName NewN put dup
 /Encoding ourvec put NewN exch definefont pop}{pop}ifelse}bdf
/RF{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RC}
 ifelse
}bdf
/FF{dup 256 string cvs(|______)exch MN cvn dup FontDirectory exch known
 {exch pop findfont 3 -1 roll pop}
 {pop dup findfont dup maxlength dict CD dup dup
 /Encoding exch /Encoding get 256 array copy 7 -1 roll 
 {3 -1 roll dup 4 -2 roll put}forall put definefont}
 ifelse}bdf
/RCJ{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFJ 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFJ{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCJ} 
 ifelse
}bdf
/hasfont
{
 /resourcestatus where 
 {
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
 }
 {
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
 }
 ifelse
}bdf
/FDFJ
{
 dup   
 hasfont  
 not   
 {   
pop
/Ryumin-Light-83pv-RKSJ-H
hasfont 
{
/Ryumin-Light-83pv-RKSJ-H
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFJ{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFJ 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/GS {
 dup 
 hasfont 
 {
FFJ
curtextmtx makefont setfont
exch
5 1 roll
ts
pop
 } {
pop pop
ts
 } ifelse
} bdf
/RCK{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFK 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFK{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCK} 
 ifelse
}bdf
/hasfont
{
 /resourcestatus where 
 {
pop 
/Font resourcestatus
{ 
pop pop true
}
{ 
false
}
ifelse
 }
 {
dup FontDirectory exch known
{pop true}
{
256 string
cvs
(fonts/) exch MN
status
{pop pop pop pop true}
{false}
ifelse
}
ifelse
 }
 ifelse
}bdf
/FDFK
{
 dup   
 hasfont  
 not   
 {   
pop
/JCsm
hasfont 
{
/JCsm
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFK{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFK 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/RCTC{4 -1 roll 
 /ourvec xdf    
 256 string cvs   
 (|______) anchorsearch
 {pop    
cvn 
dup FDFTC 
exch 
1 index 
eq 
{
_bfh findfont _efh 
dup 
maxlength dict 
CD 
dup 
/FontName 
3 index 
put 
dup 
/Encoding ourvec put 
1 index 
exch 
definefont 
pop 
}
{exch pop} 
ifelse
 }
 {pop}    
 ifelse
}bdf
/RFTC{ 
 dup      
 FontDirectory exch   
 known     
 {pop 3 -1 roll pop}  
 {RCTC} 
 ifelse
}bdf
/FDFTC
{
 dup   
 hasfon�°�ј�–t  
 not   
 {   
pop
/DFMing-Lt-HK-BF
hasfont 
{
/DFMing-Lt-HK-BF
}
{
/Courier
}
ifelse 
 }
 if
}bdf
/FFTC{
 _bfh
 dup     
 256 string cvs  
 (|______)exch MN 
 cvn     
 dup     
 FontDirectory
 exch known   
 {     
exch 
pop 
findfont 
3 -1 roll 
pop 
 }
 {     
pop 
FDFTC 
dup findfont 
dup maxlength dict 
CD 
dup dup 
/Encoding exch 
/Encoding get 
256 array copy 
7 -1 roll 
{ 
3 -1 roll 
dup 
4 -2 roll 
put 
}forall
put 
definefont 
 }
 ifelse
 _efh
}bdf
/fps{
 currentflat   
 exch     
 dup 0 le{pop 1}if 
 {
dup setflat 3 index stopped
{1.3 mul dup 3 index gt{pop setflat pop pop stop}if} 
{exit} 
ifelse
 }loop 
 pop setflat pop pop
}bdf
/fp{100 currentflat fps}bdf
/clipper{clip}bdf 
/W{/clipper load 100 clipflatness dup setflat fps}bdf
userdict begin /BDFontDict 29 dict def end
BDFontDict begin
/bu{}def
/bn{}def
/setTxMode{av 70 ge{pop}if pop}def
/gm{m}def
/show{pop}def
/gr{pop}def
/fnt{pop pop pop}def
/fs{pop}def
/fz{pop}def
/lin{pop pop}def
/:M {pop pop} def
/sf {pop} def
/S {pop} def
/@b {pop pop pop pop pop pop pop pop} def
/_bdsave /save load def
/_bdrestore /restore load def
/save { dup /fontsave eq {null} {_bdsave} ifelse } def
/restore { dup null eq { pop } { _bdrestore } ifelse } def
/fontsave null def
end
/MacVec 256 array def 
MacVec 0 /Helvetica findfont
/Encoding get 0 128 getinterval putinterval
MacVec 127 /DEL put MacVec 16#27 /quotesingle put MacVec 16#60 /grave put
/NUL/SOH/STX/ETX/EOT/ENQ/ACK/BEL/BS/HT/LF/VT/FF/CR/SO/SI
/DLE/DC1/DC2/DC3/DC4/NAK/SYN/ETB/CAN/EM/SUB/ESC/FS/GS/RS/US
MacVec 0 32 getinterval astore pop
/Adieresis/Aring/Ccedilla/Eacute/Ntilde/Odieresis/Udieresis/aacute
/agrave/acircumflex/adieresis/atilde/aring/ccedilla/eacute/egrave
/ecircumflex/edieresis/iacute/igrave/icircumflex/idieresis/ntilde/oacute
/ograve/ocircumflex/odieresis/otilde/uacute/ugrave/ucircumflex/udieresis
/dagger/degree/cent/sterling/section/bullet/paragraph/germandbls
/registered/copyright/trademark/acute/dieresis/notequal/AE/Oslash
/infinity/plusminus/lessequal/greaterequal/yen/mu/partialdiff/summation
/product/pi/integral/ordfeminine/ordmasculine/Omega/ae/oslash 
/questiondown/exclamdown/logicalnot/radical/florin/approxequal/Delta/guillemotleft
/guillemotright/ellipsis/nbspace/Agrave/Atilde/Otilde/OE/oe
/endash/emdash/quotedblleft/quotedblright/quoteleft/quoteright/divide/lozenge
/ydieresis/Ydieresis/fraction/currency/guilsinglleft/guilsinglright/fi/fl
/daggerdbl/periodcentered/quotesinglbase/quotedblbase
/perthousand/Acircumflex/Ecircumflex/Aacute
/Edieresis/Egrave/Iacute/Icircumflex/Idieresis/Igrave/Oacute/Ocircumflex
/apple/Ograve/Uacute/Ucircumflex/Ugrave/dotlessi/circumflex/tilde
/macron/breve/dotaccent/ring/cedilla/hungarumlaut/ogonek/caron
MacVec 128 128 getinterval astore pop
/findheaderfont {
 /Helvetica findfont 
} def
end %. AltsysDict
%%EndResource
%%EndProlog
%%BeginSetup
AltsysDict begin
_bfh 
%%IncludeResource: font Arial-BoldMT
MacVec 256 array copy
/f0 /|______Arial-BoldMT dup RF findfont def
%%IncludeResource: font Courier
MacVec 256 array copy
/f1 /|______Courier dup RF findfont def
_efh 
end %. AltsysDict
%%EndSetup
AltsysDict begin 
/onlyk4{false}ndf
/ccmyk{dup 5 -1 roll sub 0 max exch}ndf
/cmyk2gray{
 4 -1 roll 0.3 mul 4 -1 roll 0.59 mul 4 -1 roll 0.11 mul
 add add add 1 min neg 1 add
}bdf
/setcmykcolor{1 exch sub ccmyk ccmyk ccmyk pop setrgbcolor}ndf
/maxcolor { 
 max max max  
} ndf
/maxspot {
 pop
} ndf
/setcmykcoloroverprint{4{dup -1 eq{pop 0}if 4 1 roll}repeat setcmykcolor}ndf
/findcmykcustomcolor{5 packedarray}ndf
/setcustomcolor{exch aload pop pop 4{4 index mul 4 1 roll}repeat setcmykcolor pop}ndf
/setseparationgray{setgray}ndf
/setoverprint{pop}ndf 
/currentoverprint false ndf
/cmykbufs2gray{
 0 1 2 index length 1 sub
 { 
4 index 1 index get 0.3 mul 
4 index 2 index get 0.59 mul 
4 index 3 index get 0.11 mul 
4 index 4 index get 
add add add cvi 255 min
255 exch sub
2 index 3 1 roll put
 }for
 4 1 roll pop pop pop
}bdf
/colorimage{
 pop pop
 [
5 -1 roll/exec cvx 
6 -1 roll/exec cvx 
7 -1 roll/exec cvx 
8 -1 roll/exec cvx
/cmykbufs2gr�°�ј�–ay cvx
 ]cvx 
 image
}
%. version 47.1 on Linotronic of Postscript defines colorimage incorrectly (rgb model only)
version cvr 47.1 le 
statusdict /product get (Lino) anchorsearch{pop pop true}{pop false}ifelse
and{userdict begin bdf end}{ndf}ifelse
fhnumcolors 1 ne {/yt save def} if
/customcolorimage{
 aload pop
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
ic im iy ik cmyk2gray /xt xdf
currenttransfer
{dup 1.0 exch sub xt mul add}concatprocs
st 
image
 }
 ifelse
}ndf
fhnumcolors 1 ne {yt restore} if
fhnumcolors 3 ne {/yt save def} if
/customcolorimage{
 aload pop 
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
1.0 dup ic ik add min sub 
1.0 dup im ik add min sub 
1.0 dup iy ik add min sub 
/ic xdf /iy xdf /im xdf
currentcolortransfer
4 1 roll 
{dup 1.0 exch sub ic mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub iy mul add}concatprocs 4 1 roll 
{dup 1.0 exch sub im mul add}concatprocs 4 1 roll 
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}true 3 colorimage
 }
 ifelse
}ndf
fhnumcolors 3 ne {yt restore} if
fhnumcolors 4 ne {/yt save def} if
/customcolorimage{
 aload pop
 (_vc_Registration) eq 
 {
pop pop pop pop separationimage
 }
 {
/ik xdf /iy xdf /im xdf /ic xdf
currentcolortransfer
{1.0 exch sub ik mul ik sub 1 add}concatprocs 4 1 roll
{1.0 exch sub iy mul iy sub 1 add}concatprocs 4 1 roll
{1.0 exch sub im mul im sub 1 add}concatprocs 4 1 roll
{1.0 exch sub ic mul ic sub 1 add}concatprocs 4 1 roll
setcolortransfer
{/dummy xdf dummy}concatprocs{dummy}{dummy}{dummy}
true 4 colorimage
 }
 ifelse
}ndf
fhnumcolors 4 ne {yt restore} if
/separationimage{image}ndf
/spotascmyk false ndf
/newcmykcustomcolor{6 packedarray}ndf
/inkoverprint false ndf
/setinkoverprint{pop}ndf 
/setspotcolor { 
 spots exch get
 dup 4 get (_vc_Registration) eq
 {pop 1 exch sub setseparationgray}
 {0 5 getinterval exch setcustomcolor}
 ifelse
}ndf
/currentcolortransfer{currenttransfer dup dup dup}ndf
/setcolortransfer{st pop pop pop}ndf
/fas{}ndf
/sas{}ndf
/fhsetspreadsize{pop}ndf
/filler{fill}bdf 
/F{gsave {filler}fp grestore}bdf
/f{closepath F}bdf
/S{gsave {stroke}fp grestore}bdf
/s{closepath S}bdf
 
 userdict /islevel2
 systemdict /languagelevel known dup
 {
pop systemdict /languagelevel get 2 ge
 } if
 put
 
 islevel2 not
 {
/currentcmykcolor
{
0 0 0 1 currentgray sub
} ndf
 } if
 
 /tc
 {
gsave
setcmykcolor currentcmykcolor
grestore
 } bind def
 /testCMYKColorThrough
 {
tc add add add 0 ne
 } bind def
 /fhiscomposite where not {
userdict /fhiscomposite
islevel2
{
gsave 1 1 1 1 setcmykcolor currentcmykcolor grestore
add add add 4 eq
}
{
1 0 0 0 testCMYKColorThrough
0 1 0 0 testCMYKColorThrough
0 0 1 0 testCMYKColorThrough
0 0 0 1 testCMYKColorThrough
and and and
} ifelse
put
 }
 { pop }
 ifelse
/bc4 [0 0 0 0] def 
/_lfp4 {
 1 pop 
 /yt xdf       
 /xt xdf       
 /ang xdf      
 storerect
 /taperfcn xdf
 /k2 xdf /y2 xdf /m2 xdf /c2 xdf
 /k1 xdf /y1 xdf /m1 xdf /c1 xdf
 c1 c2 sub abs
 m1 m2 sub abs
 y1 y2 sub abs
 k1 k2 sub abs
 maxcolor      
 calcgraysteps mul abs round  
 height abs adjnumsteps   
 dup 1 lt {pop 1} if    
 1 sub /numsteps1 xdf
 currentflat mark    
 currentflat clipflatness  
 /delta top bottom sub numsteps1 1 add div def 
 /right right left sub def  
 /botsv top delta sub def  
 {
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
taperfcn /frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/bcs [0 0] def 
/_lfs4 {
 /yt xd�°�ј�–f       
 /xt xdf       
 /ang xdf      
 storerect
 /taperfcn xdf
 /tint2 xdf      
 /tint1 xdf      
 bcs exch 1 exch put    
 tint1 tint2 sub abs    
 bcs 1 get maxspot    
 calcgraysteps mul abs round  
 height abs adjnumsteps   
 dup 2 lt {pop 2} if    
 1 sub /numsteps1 xdf
 currentflat mark    
 currentflat clipflatness  
 /delta top bottom sub numsteps1 1 add div def 
 /right right left sub def  
 /botsv top delta sub def  
 {
{
W
xt yt translate 
ang rotate
xt neg yt neg translate 
dup setflat 
/bottom botsv def
0 1 numsteps1 
{
numsteps1 div taperfcn /frac xdf
bcs 0
1.0 tint2 tint1 sub frac mul tint1 add sub
put bcs vc
1 index setflat 
{ 
mark {newpath left bottom right delta rectfill}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
/bottom bottom delta sub def
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/_rfs6 {
 /tint2 xdf      
 /tint1 xdf      
 bcs exch 1 exch put    
 /inrad xdf      
 /radius xdf      
 /yt xdf       
 /xt xdf       
 tint1 tint2 sub abs    
 bcs 1 get maxspot    
 calcgraysteps mul abs round  
 radius inrad sub abs   
 adjnumsteps      
 dup 1 lt {pop 1} if    
 1 sub /numsteps1 xdf
 radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
 2 div /halfstep xdf    
 currentflat mark    
 currentflat clipflatness  
 {
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bcs 0
tint2 tint1 sub frac mul tint1 add
put bcs vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/_rfp6 {
 1 pop 
 /k2 xdf /y2 xdf /m2 xdf /c2 xdf
 /k1 xdf /y1 xdf /m1 xdf /c1 xdf
 /inrad xdf      
 /radius xdf      
 /yt xdf       
 /xt xdf       
 c1 c2 sub abs
 m1 m2 sub abs
 y1 y2 sub abs
 k1 k2 sub abs
 maxcolor     
 calcgraysteps mul abs round 
 radius inrad sub abs  
 adjnumsteps     
 dup 1 lt {pop 1} if   
 1 sub /numsteps1 xdf
 radius inrad sub numsteps1 dup 0 eq {pop} {div} ifelse 
 2 div /halfstep xdf   
 currentflat mark   
 currentflat clipflatness 
 {
{
dup setflat 
W 
0 1 numsteps1 
{
dup /radindex xdf
numsteps1 dup 0 eq {pop pop 0.5} {div} ifelse 
/frac xdf
bc4 0 c2 c1 sub frac mul c1 add put
bc4 1 m2 m1 sub frac mul m1 add put
bc4 2 y2 y1 sub frac mul y1 add put
bc4 3 k2 k1 sub frac mul k1 add put
bc4 vc
1 index setflat 
{ 
newpath mark 
xt yt radius inrad sub 1 frac sub mul halfstep add inrad add 0 360
{ arc
radindex numsteps1 ne 
inrad 0 gt or 
{
xt yt 
numsteps1 0 eq
{ inrad } 
{ 
radindex 1 add numsteps1 div 1 exch sub
radius inrad sub mul halfstep add inrad add
}ifelse
dup xt add yt moveto
360 0 arcn 
} if
fill
}stopped
{cleartomark exch 1.3 mul dup setflat exch 2 copy gt{stop}if}
{cleartomark exit}ifelse
}loop
}for
}
gsave stopped grestore
{exch pop 2 index exch 1.3 mul dup 100 gt{cleartomark setflat stop}if}
{exit}ifelse
 }loop
 cleartomark setflat
}bdf
/lfp4{_lfp4}ndf
/lfs4{_lfs4}ndf
/rfs6{_rfs6}ndf
/rfp6{_rfp6}ndf
/cvc [0 0 0 1] def 
/vc{
 AltsysDict /cvc 2 index put 
 aload length dup 4 eq
 {pop dup -1 eq{pop setrgbcolor}{setcmykcolor}ifelse}
 {6 eq {sethexcolor} {setspotcolor} ifelse }
 ifelse
}bdf 
0 setseparationgray
/imgr {1692 1584 2304 2376 } def 
/bleed 0 def 
/clpr {1692 1584 2304 2376 } def 
/xs 1 def 
/ys 1 def 
/botx 0 def 
/overlap 0 def 
/wdist 18 def 
0 2 mul fhsetspreadsize 
0 0 ne {/df 0 def /clipflatness 0 def} if 
/maxsteps 256 def 
/forcemaxsteps false def 
/minsteps 0 def 
 userdict begin /AGDOrigMtx matrix c�°�ј�–urrentmatrix def end 
vms
-1788 -1865 translate
/currentpacking defed{false setpacking}if 
/spots[
1 0 0 0 (Process Cyan) false newcmykcustomcolor
0 1 0 0 (Process Magenta) false newcmykcustomcolor
0 0 1 0 (Process Yellow) false newcmykcustomcolor
0 0 0 1 (Process Black) false newcmykcustomcolor
]def
/makepattern defed /xt xdf
xt not {/yt save def} if
 
 /PATmp{
exch 
dup length 3 add dict copy 
begin
currentdict /Multi known not {/Multi 1 def} if
Multi 1 ne {
/UserProc /PaintProc load def
/PaintProc {
begin
0 1 Multi 1 sub {
PaintColors 1 index get PATsc
PaintData exch get
gsave currentdict UserProc grestore
}for 
end
} bdf
} if
currentdict
end
exch makepattern
 }bdf
 
 
 /PATsp{
dup /PaintType get 2 eq
{
exch aload length 4 eq
{5 -1 roll}
{spots exch get 0 4 getinterval aload pop
4 {4 index mul 4 1 roll} repeat 6 -2 roll pop}ifelse 
[/Pattern /DeviceCMYK] setcolorspace
}if
setpattern
 }bdf
 /PATfill{{{eofill}fp}{{fill}fp}ifelse}bdf
 /PATprestroke{}bdf
 /PATstroke{stroke}bdf
xt not {yt restore} if
xt {/yt save def} if
 
 /PATtcalc{
gsave
exch concat 
matrix currentmatrix exch 
2 ne {
dup 4 get exch dup 5 get exch
XStep 0 dtransform round exch round exch
XStep div exch XStep div exch
0 YStep dtransform round exch round exch
YStep div exch YStep div exch
7 -3 roll astore
} if
grestore
 }bdf
 
 /PATmp{
exch 
dup 
length 8 add 
dict copy 
begin 
TilingType PATtcalc 
/PATcurrentMtx xdf 
currentdict /Multi known not {/Multi 1 def} if
/FontType 3 def
/Encoding 256 array def
3 string 0 1 255 
{Encoding exch dup 3 index cvs cvn put} for pop
/FontMatrix matrix def
/FontBBox BBox def
/BuildChar {
mark 3 1 roll
exch begin
Multi 1 ne {PaintData exch get}{pop}ifelse
PaintType 2 eq Multi 1 ne or
{XStep 0 FontBBox aload pop setcachedevice}
{XStep 0 setcharwidth}ifelse
currentdict 
/PaintProc load 
end
gsave exec grestore
cleartomark
}bdf
currentdict 
end
/foo exch
definefont
 }bdf
 
 
 /PATsp{
/PATcurrent xdf
PATcurrent /PaintType get 2 eq
{/PATcolor xdf}if
 }bdf
 
 /PATpcalc{
PATcurrent begin
gsave
PATcurrentMtx setmatrix
BBox aload pop pop pop translate
pathbbox
grestore
YStep div ceiling 4 1 roll
XStep div ceiling 4 1 roll
YStep div floor 4 1 roll
XStep div floor 4 1 roll
2 index sub cvi abs
exch 3 index sub cvi abs exch
4 2 roll
YStep mul exch XStep mul exch
end
 }bdf
 
 
 /PATfill{
{{eoclip}fp}{{clip}fp}ifelse
PATpcalc 
newpath
PATcurrent dup begin
setfont
PATcurrentMtx setmatrix
PaintType 2 eq {PATcolor vc} if
3 index string 
0 1 Multi 1 sub { 
3 index 3 index moveto
Multi 1 ne {dup PaintColors exch get vc} if
0 1 7 index 1 sub { 
2 index 
exch 
2 index put
} for
pop 
3 index 
{
currentpoint 
2 index show
YStep add moveto
}repeat
}for
5 {pop} repeat 
end
 }bdf
 /PATprestroke{{strokepath}fp}bdf
 /PATstroke{false PATfill}bdf
xt {yt restore} if
/makepattern defed /xt xdf
xt not {/yt save def} if
userdict begin /fhpatdict 12 dict def end
fhpatdict begin
 /PatternType 1 def
 /PaintType 1 def 
 /TilingType 1 def
 /BBox [0 0 8 8] def
 /XStep 8 def
 /YStep 8 def
 /PatMtx [1 0 0 -1 0 8] def
 /PatIMtx [1 0 0 1 0 0] def
/PaintProc
{begin FHPatColor vc 8 8 true PatMtx PatData imagemask end} bdf
 /FHPatColor [0 0 0 0] def
 
 
end
/macpatorient{1 0 dtransform 0 eq exch 0 ne and}ndf
/veccalc { dtransform round exch round exch idtransform dup mul exch dup mul exch add sqrt } bdf
gsave 
0 0 transform 
2 copy 
round exch round exch
2 index sub exch 3 index sub exch
idtransform translate
pop pop
1 0 veccalc 0 1 veccalc 
scale
matrix currentmatrix
/PATmtx xdf
grestore
/pF{
 gsave 1 setgray filler grestore
 fhpatdict begin  
 /PatData xdf  
 /FHPatColor xdf  
 end
 save    
 PATmtx setmatrix 
 fhpatdict dup   
 /PatIMtx get   
 PATmp     
 PATsp     
 /clipper load /eoclip load eq PATfill
 restore
}bdf
/pS{
 fhpatdict begin  
 /PatData xdf  
 /FHPatColor xdf  
 end
 save
 PATprestroke    
 PATmtx setmatrix
 gsave 1 setgray stroke grestore
 fhpatdict dup 
 /PatIMtx get 
 PATmp 
 PATsp 
 PATstroke
 restore
}bdf
xt not {yt restore} if
xt {/yt save def} if
/macpatstring 8 string def
/macpattint 0 def
/macpa�°�ј�–tcol [] def
/macpatangle{1 0 matrix defaultmatrix dtransform exch atan}bdf
/macpatorient{1 0 dtransform 0 eq exch 0 ne and}ndf
/macpatcountbits 
{
 0 exch     
 {
cvi 
0 1 8 
{ 
pop
dup 1 and 
0 ne 
{
exch 
1 add 
exch 
} if
-1 bitshift 
} for
pop 
 }
 forall
}bdf
/macpatset
{
 macpatstring copy pop 
 9.375 
 macpatangle 
 macpatorient not{-90 add}if
 {
1 add 4 mul cvi macpatstring exch get exch
1 add 4 mul cvi 7 sub bitshift 1 and 
inverted? {1 exch sub} if
 }
 setscreen
 
 64 macpatstring macpatcountbits sub 64 div
 inverted? {.9921875 exch sub} if
 /macpattint xdf
 
 
 {} st
 fhnumcolors 1 ne
 {
cvc dup length array copy /macpatcol xdf 
/macpattint 1 macpattint sub def 
macpatcol length 4 eq
{
0 1 3
{
macpatcol exch 2 copy
get .25 lt{0}{macpattint}ifelse put
}for
}
{
macpatcol dup 0 get .25 lt{0}{macpattint}ifelse 0 exch put
}ifelse 
macpatcol vc
 }
 {
currentgray 1 ne {macpattint setseparationgray} if
 } 
 ifelse
}bdf
/pF{
 gsave 
 exch vc
 macpatset 
 {filler}fp 
 grestore
}bdf
/pS{
 gsave 
 exch vc
 macpatset 
 {stroke}fp 
 grestore
}bdf
xt {yt restore} if
/pf{closepath pF}bdf
/ps{closepath pS}bdf
/textopf false def
/curtextmtx{}def
/otw .25 def
/msf{dup/curtextmtx xdf makefont setfont}bdf
/makesetfont/msf load def
/curtextheight{.707104 .707104 curtextmtx dtransform
 dup mul exch dup mul add sqrt}bdf
/ta2{ 
tempstr 2 index gsave exec grestore 
cwidth cheight rmoveto 
4 index eq{5 index 5 index rmoveto}if 
2 index 2 index rmoveto 
}bdf
/ta{exch systemdict/cshow known
{{/cheight xdf/cwidth xdf tempstr 0 2 index put ta2}exch cshow} 
{{tempstr 0 2 index put tempstr stringwidth/cheight xdf/cwidth xdf ta2}forall} 
ifelse 6{pop}repeat}bdf
/sts{/textopf currentoverprint def vc setoverprint
/ts{awidthshow}def exec textopf setoverprint}bdf
/stol{/xt currentlinewidth def 
 setlinewidth vc newpath 
 /ts{{false charpath stroke}ta}def exec 
 xt setlinewidth}bdf 
 
/strk{/textopf currentoverprint def vc setoverprint
 /ts{{false charpath stroke}ta}def exec 
 textopf setoverprint
 }bdf 
n
[] 0 d
3.863708 M
1 w
0 j
0 J
false setoverprint
0 i
false eomode
[0 0 0 1] vc
vms
1922 1967.5 m
1936.4786 1967.7477 1952.9388 1958.2501 1952.9651 1942.191 C
1952.9651 1944.191 L
1953.1958 1928.6399 1941.4167 1915.7193 1926.4651 1915.691 C
1894.4651 1915.691 L
1891.9651 1916.191 L
1877.4865 1915.9433 1867.0263 1922.9409 1867 1939 C
1866.9651 1971.191 L
1866.9388 1987.2501 1851.4786 1995.7477 1837 1995.5 C
3 w
[0.1333 1 1 0]  vc
S 
n
2015.9651 1953.691 m
2015.9651 1955.0717 2020.4422 1956.191 2025.9651 1956.191 C
2031.488 1956.191 2035.9651 1955.0717 2035.9651 1953.691 C
2035.9651 1952.3103 2031.488 1951.191 2025.9651 1951.191 C
2020.4422 1951.191 2015.9651 1952.3103 2015.9651 1953.691 C
[0 0 0 0]  vc
f 
n
2016.4651 1953.691 m
2016.4651 1954.7956 2020.7184 1955.691 2025.9651 1955.691 C
2031.2119 1955.691 2035.4651 1954.7956 2035.4651 1953.691 C
2035.4651 1952.5864 2031.2119 1951.691 2025.9651 1951.691 C
2020.7184 1951.691 2016.4651 1952.5864 2016.4651 1953.691 C
n
2022.9651 1953.191 m
2028.9651 1953.191 L
2028.9651 1952.191 L
2022.9651 1952.191 L
2022.9651 1953.191 L
f 
n
2022.9651 1955.191 m
2028.9651 1955.191 L
2028.9651 1954.191 L
2022.9651 1954.191 L
2022.9651 1955.191 L
f 
n
2003.1251 1949.691 m
1994.7919 1949.691 1990.6251 1949.691 1990.6251 1949.691 C
1990.6251 1949.691 1990.6251 1951.1911 1990.6251 1954.191 C
1990.6251 1957.191 1990.6251 1958.691 1990.6251 1958.691 C
1990.6251 1958.691 1992.9585 1958.691 1997.6251 1958.691 C
2002.2917 1958.691 2004.6251 1958.691 2004.6251 1958.691 C
2004.6251 1958.691 2006.4585 1958.191 2010.1251 1957.191 C
2013.7917 1956.191 2015.6251 1955.691 2015.6251 1955.691 C
2015.6251 1955.691 2015.6251 1954.691 2015.6251 1952.691 C
2015.6251 1950.691 2015.6251 1949.691 2015.6251 1949.691 C
2015.6251 1949.691 2011.4583 1949.691 2003.1251 1949.691 C
[0.1333 1 1 0]  vc
f 
1 w
[0 0 0 1]  vc
S 
n
2015.6251 1954.691 m
2019.6251 1954.691 L
2019.6251 1951.691 L
2015.6251 1951.691 L
2015.6251 1954.691 L
3.863693 M
s 
n
2015.9651 1943.691 m
2015.9651 1945.0717 2020.4422 1946.19�°�ј�–1 2025.9651 1946.191 C
2031.488 1946.191 2035.9651 1945.0717 2035.9651 1943.691 C
2035.9651 1942.3103 2031.488 1941.191 2025.9651 1941.191 C
2020.4422 1941.191 2015.9651 1942.3103 2015.9651 1943.691 C
[0 0 0 0]  vc
f 
n
2016.4651 1943.691 m
2016.4651 1944.7956 2020.7184 1945.691 2025.9651 1945.691 C
2031.2119 1945.691 2035.4651 1944.7956 2035.4651 1943.691 C
2035.4651 1942.5864 2031.2119 1941.691 2025.9651 1941.691 C
2020.7184 1941.691 2016.4651 1942.5864 2016.4651 1943.691 C
n
2022.9651 1945.191 m
2028.9651 1945.191 L
2028.9651 1944.191 L
2022.9651 1944.191 L
2022.9651 1945.191 L
f 
n
2022.9651 1943.191 m
2028.9651 1943.191 L
2028.9651 1942.191 L
2022.9651 1942.191 L
2022.9651 1943.191 L
f 
n
2003.1251 1945.691 m
1994.7919 1945.691 1990.6251 1945.691 1990.6251 1945.691 C
1990.6251 1945.691 1990.6251 1944.191 1990.6251 1941.191 C
1990.6251 1938.1911 1990.6251 1936.691 1990.6251 1936.691 C
1990.6251 1936.691 1992.9585 1936.691 1997.6251 1936.691 C
2002.2917 1936.691 2004.6251 1936.691 2004.6251 1936.691 C
2004.6251 1936.691 2006.4585 1937.191 2010.1251 1938.191 C
2013.7917 1939.191 2015.6251 1939.691 2015.6251 1939.691 C
2015.6251 1939.691 2015.6251 1940.691 2015.6251 1942.691 C
2015.6251 1944.691 2015.6251 1945.691 2015.6251 1945.691 C
2015.6251 1945.691 2011.4583 1945.691 2003.1251 1945.691 C
[0 0 0 1]  vc
f 
3.863708 M
S 
n
2015.6251 1945.691 m
2019.6251 1945.691 L
2019.6251 1941.691 L
2015.6251 1941.691 L
2015.6251 1945.691 L
3.863693 M
s 
n
1793.9651 1973.691 m
1793.9651 1975.0717 1798.4422 1976.191 1803.9651 1976.191 C
1809.488 1976.191 1813.9651 1975.0717 1813.9651 1973.691 C
1813.9651 1972.3103 1809.488 1971.191 1803.9651 1971.191 C
1798.4422 1971.191 1793.9651 1972.3103 1793.9651 1973.691 C
[0 0 0 0]  vc
f 
n
1794.4651 1973.691 m
1794.4651 1974.7956 1798.7184 1975.691 1803.9651 1975.691 C
1809.2119 1975.691 1813.4651 1974.7956 1813.4651 1973.691 C
1813.4651 1972.5864 1809.2119 1971.691 1803.9651 1971.691 C
1798.7184 1971.691 1794.4651 1972.5864 1794.4651 1973.691 C
n
1800.9651 1975.191 m
1805.9651 1975.191 L
1805.9651 1974.191 L
1800.9651 1974.191 L
1800.9651 1975.191 L
f 
n
1800.9651 1973.191 m
1805.9651 1973.191 L
1805.9651 1972.191 L
1800.9651 1972.191 L
1800.9651 1973.191 L
f 
n
vmrs
1827.0851 1975.691 m
1835.4183 1975.691 1839.5851 1975.691 1839.5851 1975.691 C
1839.5851 1975.691 1839.5851 1974.191 1839.5851 1971.191 C
1839.5851 1968.1911 1839.5851 1966.691 1839.5851 1966.691 C
1839.5851 1966.691 1837.2517 1966.691 1832.5851 1966.691 C
1827.9185 1966.691 1825.5851 1966.691 1825.5851 1966.691 C
1825.5851 1966.691 1823.7517 1967.191 1820.0851 1968.191 C
1816.4185 1969.191 1814.5851 1969.691 1814.5851 1969.691 C
1814.5851 1969.691 1814.5851 1970.691 1814.5851 1972.691 C
1814.5851 1974.691 1814.5851 1975.691 1814.5851 1975.691 C
1814.5851 1975.691 1818.7519 1975.691 1827.0851 1975.691 C
f 
S 
n
1808.5851 1975.691 m
1813.5851 1975.691 L
1813.5851 1971.691 L
1808.5851 1971.691 L
1808.5851 1975.691 L
3.863693 M
s 
n
1793.9651 1999.691 m
1793.9651 2001.0717 1798.4422 2002.191 1803.9651 2002.191 C
1809.488 2002.191 1813.9651 2001.0717 1813.9651 1999.691 C
1813.9651 1998.3103 1809.488 1997.191 1803.9651 1997.191 C
1798.4422 1997.191 1793.9651 1998.3103 1793.9651 1999.691 C
[0 0 0 0]  vc
f 
n
1794.4651 1999.691 m
1794.4651 2000.7956 1798.7184 2001.691 1803.9651 2001.691 C
1809.2119 2001.691 1813.4651 2000.7956 1813.4651 1999.691 C
1813.4651 1998.5864 1809.2119 1997.691 1803.9651 1997.691 C
1798.7184 1997.691 1794.4651 1998.5864 1794.4651 1999.691 C
n
1800.9651 2001.191 m
1805.9651 2001.191 L
1805.9651 2000.191 L
1800.9651 2000.191 L
1800.9651 2001.191 L
f 
n
1800.9651 1999.191 m
1805.9651 1999.191 L
1805.9651 1998.191 L
1800.9651 1998.191 L
1800.9651 1999.191 L
f 
n
1827.0851 2001.691 m
1835.4183 2001.691 1839.5851 2001.691 1839.5851 2001.691 C
1839.5851 2001.691 1839.5851 2000.191 1839.5851 1997.191 C
1839.5851 1994.1911 1839.5851 1992.691 1839.5851 1992.691 C
1839.5851 1992.691 1837.2517 1992.691 1832.5851 1992.691 C
1827.9185 1992.691 1825.5851 1992.691 1825.5851 1992.�°�ј�–691 C
1825.5851 1992.691 1823.7517 1993.191 1820.0851 1994.191 C
1816.4185 1995.191 1814.5851 1995.691 1814.5851 1995.691 C
1814.5851 1995.691 1814.5851 1996.691 1814.5851 1998.691 C
1814.5851 2000.691 1814.5851 2001.691 1814.5851 2001.691 C
1814.5851 2001.691 1818.7519 2001.691 1827.0851 2001.691 C
[0.1333 1 1 0]  vc
f 
3.863708 M
[0 0 0 1]  vc
S 
n
1808.5851 2001.691 m
1813.5851 2001.691 L
1813.5851 1997.691 L
1808.5851 1997.691 L
1808.5851 2001.691 L
3.863693 M
s 
n
1791.7451 2057.691 m
1806.7451 2057.691 L
1806.7451 1909.691 L
1791.7451 1909.691 L
1791.7451 2057.691 L
[0 0 0 1] <AAAAAAAAAAAAAAAA> pf 
n
vmrs
1789.4651 2061.691 m
1791.4651 2061.691 L
1791.4651 1905.691 L
1789.4651 1905.691 L
1789.4651 2061.691 L
[0 0 0 0]  vc
f 
3.863693 M
[0 0 0 1]  vc
S 
n
1807.1851 2061.691 m
1809.1851 2061.691 L
1809.1851 1905.691 L
1807.1851 1905.691 L
1807.1851 2061.691 L
[0 0 0 0]  vc
f 
[0 0 0 1]  vc
S 
n
1878.9651 1971.691 m
1878.9651 1973.0717 1883.4422 1974.191 1888.9651 1974.191 C
1894.488 1974.191 1898.9651 1973.0717 1898.9651 1971.691 C
1898.9651 1970.3103 1894.488 1969.191 1888.9651 1969.191 C
1883.4422 1969.191 1878.9651 1970.3103 1878.9651 1971.691 C
[0 0 0 0]  vc
f 
n
1879.4651 1971.691 m
1879.4651 1972.7956 1883.7184 1973.691 1888.9651 1973.691 C
1894.2119 1973.691 1898.4651 1972.7956 1898.4651 1971.691 C
1898.4651 1970.5864 1894.2119 1969.691 1888.9651 1969.691 C
1883.7184 1969.691 1879.4651 1970.5864 1879.4651 1971.691 C
n
1885.9651 1973.191 m
1890.9651 1973.191 L
1890.9651 1972.191 L
1885.9651 1972.191 L
1885.9651 1973.191 L
f 
n
1885.9651 1971.191 m
1890.9651 1971.191 L
1890.9651 1970.191 L
1885.9651 1970.191 L
1885.9651 1971.191 L
f 
n
1912.0851 1973.691 m
1920.4183 1973.691 1924.5851 1973.691 1924.5851 1973.691 C
1924.5851 1973.691 1924.5851 1972.191 1924.5851 1969.191 C
1924.5851 1966.1911 1924.5851 1964.691 1924.5851 1964.691 C
1924.5851 1964.691 1922.2517 1964.691 1917.5851 1964.691 C
1912.9185 1964.691 1910.5851 1964.691 1910.5851 1964.691 C
1910.5851 1964.691 1908.7517 1965.191 1905.0851 1966.191 C
1901.4185 1967.191 1899.5851 1967.691 1899.5851 1967.691 C
1899.5851 1967.691 1899.5851 1968.691 1899.5851 1970.691 C
1899.5851 1972.691 1899.5851 1973.691 1899.5851 1973.691 C
1899.5851 1973.691 1903.7519 1973.691 1912.0851 1973.691 C
[0.1333 1 1 0]  vc
f 
3.863708 M
[0 0 0 1]  vc
S 
n
1893.5851 1973.691 m
1898.5851 1973.691 L
1898.5851 1969.691 L
1893.5851 1969.691 L
1893.5851 1973.691 L
3.863693 M
s 
n
1878.9651 1996.691 m
1878.9651 1998.0717 1883.4422 1999.191 1888.9651 1999.191 C
1894.488 1999.191 1898.9651 1998.0717 1898.9651 1996.691 C
1898.9651 1995.3103 1894.488 1994.191 1888.9651 1994.191 C
1883.4422 1994.191 1878.9651 1995.3103 1878.9651 1996.691 C
[0 0 0 0]  vc
f 
n
1879.4651 1996.691 m
1879.4651 1997.7956 1883.7184 1998.691 1888.9651 1998.691 C
1894.2119 1998.691 1898.4651 1997.7956 1898.4651 1996.691 C
1898.4651 1995.5864 1894.2119 1994.691 1888.9651 1994.691 C
1883.7184 1994.691 1879.4651 1995.5864 1879.4651 1996.691 C
n
1885.9651 1998.191 m
1890.9651 1998.191 L
1890.9651 1997.191 L
1885.9651 1997.191 L
1885.9651 1998.191 L
f 
n
1885.9651 1996.191 m
1890.9651 1996.191 L
1890.9651 1995.191 L
1885.9651 1995.191 L
1885.9651 1996.191 L
f 
n
1912.0851 1998.691 m
1920.4183 1998.691 1924.5851 1998.691 1924.5851 1998.691 C
1924.5851 1998.691 1924.5851 1997.191 1924.5851 1994.191 C
1924.5851 1991.1911 1924.5851 1989.691 1924.5851 1989.691 C
1924.5851 1989.691 1922.2517 1989.691 1917.5851 1989.691 C
1912.9185 1989.691 1910.5851 1989.691 1910.5851 1989.691 C
1910.5851 1989.691 1908.7517 1990.191 1905.0851 1991.191 C
1901.4185 1992.191 1899.5851 1992.691 1899.5851 1992.691 C
1899.5851 1992.691 1899.5851 1993.691 1899.5851 1995.691 C
1899.5851 1997.691 1899.5851 1998.691 1899.5851 1998.691 C
1899.5851 1998.691 1903.7519 1998.691 1912.0851 1998.691 C
[0.1333 1 1 0]  vc
f 
3.863708 M
[0 0 0 1]  vc
S 
n
1893.5851 1998.691 m
1898.5851 1998.691 L
1898.5851 1994.691 L
1893.5851 1994.691 L
1893.5851 1998.691 L
3.863693 M
s 
n
1874.7151 2057.691 m
1890.7151 2057.691 L
18�°�ј�–90.7151 1908.691 L
1874.7151 1908.691 L
1874.7151 2057.691 L
[0 0 0 1] <AAAAAAAAAAAAAAAA> pf 
n
vmrs
1877.4651 2057.691 m
1892.4651 2057.691 L
1892.4651 1909.691 L
1877.4651 1909.691 L
1877.4651 2057.691 L
n
1872.7751 2061.941 m
1874.7751 2061.941 L
1874.7751 1905.941 L
1872.7751 1905.941 L
1872.7751 2061.941 L
[0 0 0 0]  vc
f 
3.863693 M
[0 0 0 1]  vc
S 
n
1890.9951 2061.691 m
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1.
Use the Graph display’s built-in analysis tools to find the magnetic field strength midway between the coils.

•
Hint: Use the ‘Smart Tool’ in DataStudio or the ‘Smart Cursor’ ([image: image3.png]


) in ScienceWorkshop. 

•
Record the magnetic field strength (Y-coordinate) for the midpoint between the coils.

2.
Record the number of turns in one of the coils.

3.
Calculate the theoretical value of the magnetic field at the midpoint between the Helmholtz coils using the measured current, radius, and number of turns for the coil.

4.
Compare the theoretical value to the measured value at the midpoint using a percent difference. 

Record your results in the Lab Report section.

Lab Report - Activity P59: Magnetic Field of Helmholtz Coils

What do you think?

The purpose of this activity is to examine the magnetic field produced by the current in a pair of Helmholtz coils, and to measure the magnetic field strength between the coils and compare the measured value to the theoretical value. How does the strength of the magnetic field between the coils relate to the distance of separation between the Helmholtz coils?

Data

Item
Value

Radius of coil


Number of turn


Current


Measured field strength


Theoretical field strength


Percent difference


Questions

1.
Based on your graph, over what distance along the axis can the magnetic field be considered a constant?

2.
How did the measured value of magnetic field strength compare to the theoretical value? What factors may have caused the difference, if any?

Optional Questions

1.
How uniform is the magnetic field between the coils as the sensor was moved radially outward from the center toward the windings of the coils?

2.
If a different separation of the coils was used, how did that affect the answers to the first two questions?

Modify an existing ScienceWorkshop file.
Open the ScienceWorkshop File

Open the file titled as shown:


ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P53 Mag. Field Helmholtz
P53_HELM.SWS

This activity uses the Rotary Motion Sensor to measure the position of the Magnetic Field Sensor as you move the Magnetic Field Sensor through the Helmholtz coils.

•
Add the Rotary Motion Sensor to the Experiment Setup.

•
Modify the Sampling Options.

[image: image9..pict]•
Change the Graph display to include ‘Position’ from the Rotary Motion Sensor.

1.
Click and drag the Digital Sensor Icon plug to Channel 1. 

[image: image10..pict]2.
Select ‘Rotary Motion Sensor’ from the list of digital sensors.

3.
In the Experiment Setup window, double-click on the Rotary Motion Sensor icon to open the Sensor Setup window.

[image: image11..pict][image: image12..pict]4.
Change the Divisions/Rotation from 360 to 1440. Click the Linear Calibration menu and select Large Pulley (Groove) from the menu. Click OK to return to the Experiment Setup window.


5.
Click the Graph to make it active. Click the Horizontal Axis Input Menu button ([image: image4.png]


). Select Digital 1, Position (linPos) from the Input Menu.

[image: image13..pict]•
The Graph will display Strength (gauss) along the vertical axis, and Position (m) along the horizontal axis.

6.
Finally, change the Sampling Options so that the Keyboard Sampling window does not open when you start measuring data.

•
Click the Experiment menu. Select Sampling Options… from the menu to open the Sampling Options window.

•
The Sampling Options window shows that Keyboard is selected, and that the Parameter is Position and the Units are m.

[image: image14..pict][image: image15..pict]•
Click the check box in front of Keyboard to turn Keyboard Sampling off.


•
Click OK to return to the Experiment Setup window.


7.
Follow the procedure for measuring data as described before. Position the sensor on the meter stick as before. To collect data, click ‘REC’. Begin moving the sensor slowly and steadily through the coils, stopping at the same end position as before. Click ‘STOP’ to stop collecting data.

p. 214
©1999 PASCO scientific
P59

P59
©1999 PASCO scientific
p. 213

_1000208171

