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Activity SL25: Exponential Modeling – Newton’s Law of Cooling (Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshp (Win)

Exponential modeling
MA11.DS
MA11
MA11.SWS

Equipment Needed
Qty
Consumables
Qty

Temperature Sensor (CI-6505A)
1
Water
300 mL

Beaker, 1000 mL
1



Hot plate
1



Textbook
1



Protective gear
PS



What Do You Think?

[image: image1.wmf]From your own experience with the cooling of hot liquids (take coffee or tea for example), name some ways in which you would cause the hot liquid to reach the desired temperature before taking a sip. 

Take time to write an answer to this question in the Lab Report section.
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Background

The cooling of a hot beverage is a common daily occurrence. If a hot cup of your favorite brew is allowed to sit for a while, the temperature of the liquid plus the cup ultimately reaches the temperature of its surroundings (room temperature).

The graph of temperature versus time for a hot beverage is a nice example of exponential decay. At first glance, the graph of the cooling process shows a rapid decrease in temperature. A little while later, the graph levels off as it approaches room temperature. Newton observed the rate at which an object cools, ∆T/∆t, depends on how much hotter the object is than its surroundings. This is the reason why the graph shows a greater cooling rate at first, and a leveling off as the object approaches room temperature.

This activity is a simple cooling experiment that lets you model the data using the exponential function ex.
Newton’s Law of Cooling states:

The rate of cooling is directly proportional to the temperature difference between the object and its surroundings, (Tobject - Troom).
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Transforming Newton’s Law of Cooling into an equation that relates the temperature of the object as a function of time requires advanced techniques. Leaving the solving to the experts (you could be that expert in future math courses), the equation is:
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where T(t) is the temperature at time “t”, T(0) is the initial temperature of the object, Troom is room temperature, and k is a constant of proportionality.

You will determine k using properties of natural logarithms and one of the data points.

SAFETY REMINDERS
· Wear protective gear.

· Follow directions for using the equipment.

· Be careful when heating the water.
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For You To Do
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First, use the Temperature Sensor to measure the room temperature. Then measure the temperature as the sensor cools down to room temperature from an initial temperature of about 100 ˚C. Use DataStudio or ScienceWorkshop to record, display, and analyze the data.

Pre-Lab

Put 300 mL of water into the 1000-mL beaker and place the beaker on the hot plate. Start heating the water to a boil. Do not leave the hot plate unattended.

PART I: Computer Setup
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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
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/H{}bdf
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/M{setmiterlimit}bdf
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/N{newpath}bdf
/q{gsave}bdf
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/Xic{matrix invertmatrix concat}bdf
/Xq{matrix curr�¡�À�Ðentmatrix 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 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 dtr�¡�À�Ðansform 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     
 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 �¡�À�Ð
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/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/hung�¡�À�Ðarumlaut/ogonek/caron
MacVec 128 128 getinterval astore pop
/findheaderfont {
 /Helvetica findfont 
} def
end %. AltsysDict
%%EndResource
%%EndProlog
%%BeginSetup
AltsysDict begin
_bfh 
_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 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   �¡�À�Ð    
 /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 /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 p�¡�À�Ðut
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 currentmatrix def end 
vms
-1876 -1894 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
n
[] 0 d
3.863708 M
1 w
0 j
0 J
false setoverprint
0 i
false eomode
[0 0 0 1] vc
vms
1946.7965 1990.8847 m
2118.5204 1990.8847 L
2118.5204 1963.8841 L
1946.7965 1963.8841 L
1946.7965 1990.8847 L
[0 0 0 0.2]  vc
f 
n
1947.6065 1990.0746 m
2119.3304 1990.0746 L
2119.3304 1963.074 L
1947.6065 1963.074 L
1947.6065 1990.0746 L
1.6199 w
[0 0 0 1]  vc
s 
n
1953.2767 1963.8841 m
2112.0403 1963.8841 L
2112.0403 1902.8627 L
1953.2767 1902.8627 L
1953.2767 1963.8841 L
[0 0 0 0.3]  vc
f 
n
1954.0867 1963.074 m
2112.8503 1963.074 L
2112.8503 1902.0526 L
1954.0867 1902.0526 L
1954.0867 1963.074 L
[0 0 0 1]  vc
s 
n
1965.6969 1902.8627 m
1989.4575 1902.8627 L
1989.4575 1896.3825 L
1965.6969 1896.3825 L
1965.6969 1902.8627 L
f 
n
1966.5069 1902.0526 m
1990.2675 1902.0526 L
1990.2675 1895.5725 L
1966.5069 1895.5725 L
1966.5069 1902.0526 L
s 
n
2074.2394 1902.8627 m
2096.3799 1902.8627 L
2096.3799 1896.3825 L
2074.2394 1896.3825 L
2074.2394 1902.8627 L
f 
n
2075.0494 1902.0526 m
2097.1899 1902.0526 L
2097.1899 1895.5725 L
2075.0494 1895.5725 L
2075.0494 1902.0526 L
s 
n
2014.2981 1935.8034 m
2014.2981 1945.3472 2022.3973 1953.0838 2032.3885 1953.0838 C
2042.3797 1953.0838 2050.4789 1945.3472 2050.4789 1935.8034 C
2050.4789 1926.2596 2042.3797 1918.523 2032.3885 1918.523 C
2022.3973 1918.523 2014.2981 1926.2596 2014.2981 1935.8034 C
[0 0 0 0.1]  vc
f 
n
2015.108 1935.8034 m
2015.108 1944.8998 2022.8446 1952.2738 2032.3884 1952.2738 C
2041.9322 1952.2738 2049.6688 1944.8998 2049.6688 1935.8034 C
2049.6688 1926.707 2041.9322 1919.333 2032.3884 1919.333 C
2022.8446 1919.333 2015.108 1926.707 2015.108 1935.8034 C
n
2029.6884 1936.6134 m
2015.108 1934.9934 L
[0 0 0 1]  vc
S 
n
2029.6884 1933.3734 m
2015.108 1934.9934 L
S 
n
true eomode
2014.2981 1935.8034 m
2028.8784 1937.4235 L
2028.8784 1934.1834 L
2014.2981 1935.8034 L
[0 0 0 0.3]  vc
f 
n
2015.108 1934.9934 m
2029.6884 1936.6134 L
2029.6884 1933.3734 L
2015.108 1934.9934 L
[0 0 0 1]  vc
s 
n
S 
n
1991.0775 2036.2457 m
1991.0775 1998.4449 L
1993.7776 1995.7448 L
1998.6377 1992.5047 L
2055.339 1992.5047 L
2061.8192 1995.7448 L
2063.4392 2000.0649 L
2063.4392 2036.2457 L
1991.0775 2036.2457 L
[0 0 0 0.0313]  vc
f 
n
1991.8875 2035.4357 m
1991.8875 1997.6348 L
1994.5876 1994.9348 L
1999.4477 1991.6947 L
2056.149 1991.6947 L
2062.6291 1994.9348 L
2064.2492 1999.2549 L
2064.2492 2035.4357 L
1991.8875 2035.4357 L
[0 0 0 1]  vc
s 
n
false eomode
2003.4978 2028.6855 m
2003.4978 2031.3697 2005.9155 2033.5457 2008.8979 2033.5457 C
2011.8804 2033.5457 2014.2981 2031.3697 2014.2981 2028.6855 C
2014.2981 2026.0014 201�¡�À�Ð1.8804 2023.8255 2008.8979 2023.8255 C
2005.9155 2023.8255 2003.4978 2026.0014 2003.4978 2028.6855 C
[0 0 0 0]  vc
f 
n
2004.3078 2028.6855 m
2004.3078 2030.9224 2006.3628 2032.7356 2008.8979 2032.7356 C
2011.433 2032.7356 2013.488 2030.9224 2013.488 2028.6855 C
2013.488 2026.4487 2011.433 2024.6354 2008.8979 2024.6354 C
2006.3628 2024.6354 2004.3078 2026.4487 2004.3078 2028.6855 C
n
2044.5388 2024.6355 m
2044.5388 2027.767 2046.9564 2030.3056 2049.9389 2030.3056 C
2052.9213 2030.3056 2055.339 2027.767 2055.339 2024.6355 C
2055.339 2021.5039 2052.9213 2018.9653 2049.9389 2018.9653 C
2046.9564 2018.9653 2044.5388 2021.5039 2044.5388 2024.6355 C
f 
n
vmrs
2045.3487 2024.6354 m
2045.3487 2027.3196 2047.4038 2029.4956 2049.9388 2029.4956 C
2052.4739 2029.4956 2054.529 2027.3196 2054.529 2024.6354 C
2054.529 2021.9512 2052.4739 2019.7753 2049.9388 2019.7753 C
2047.4038 2019.7753 2045.3487 2021.9512 2045.3487 2024.6354 C
n
2011.598 2007.3551 m
2011.598 2009.5919 2013.2904 2011.4052 2015.3781 2011.4052 C
2017.4658 2011.4052 2019.1582 2009.5919 2019.1582 2007.3551 C
2019.1582 2005.1182 2017.4658 2003.305 2015.3781 2003.305 C
2013.2904 2003.305 2011.598 2005.1182 2011.598 2007.3551 C
[0 0 0 0]  vc
f 
n
2012.408 2007.355 m
2012.408 2009.1445 2013.7377 2010.5951 2015.3781 2010.5951 C
2017.0184 2010.5951 2018.3481 2009.1445 2018.3481 2007.355 C
2018.3481 2005.5656 2017.0184 2004.115 2015.3781 2004.115 C
2013.7377 2004.115 2012.408 2005.5656 2012.408 2007.355 C
n
2042.9187 2010.5951 m
2042.9187 2011.9372 2044.0067 2013.0252 2045.3488 2013.0252 C
2046.6908 2013.0252 2047.7788 2011.9372 2047.7788 2010.5951 C
2047.7788 2009.253 2046.6908 2008.1651 2045.3488 2008.1651 C
2044.0067 2008.1651 2042.9187 2009.253 2042.9187 2010.5951 C
f 
n
2043.7287 2010.5951 m
2043.7287 2011.4898 2044.454 2012.2152 2045.3487 2012.2152 C
2046.2435 2012.2152 2046.9688 2011.4898 2046.9688 2010.5951 C
2046.9688 2009.7004 2046.2435 2008.9751 2045.3487 2008.9751 C
2044.454 2008.9751 2043.7287 2009.7004 2043.7287 2010.5951 C
n
2036.4386 1996.2848 m
2036.4386 1997.4778 2037.5265 1998.4449 2038.8686 1998.4449 C
2040.2107 1998.4449 2041.2987 1997.4778 2041.2987 1996.2848 C
2041.2987 1995.0918 2040.2107 1994.1248 2038.8686 1994.1248 C
2037.5265 1994.1248 2036.4386 1995.0918 2036.4386 1996.2848 C
f 
n
2037.2486 1996.2848 m
2037.2486 1997.0304 2037.9739 1997.6348 2038.8686 1997.6348 C
2039.7633 1997.6348 2040.4886 1997.0304 2040.4886 1996.2848 C
2040.4886 1995.5392 2039.7633 1994.9348 2038.8686 1994.9348 C
2037.9739 1994.9348 2037.2486 1995.5392 2037.2486 1996.2848 C
n
2028.8784 1935.8034 m
2028.8784 1937.5929 2030.2081 1939.0435 2031.8484 1939.0435 C
2033.4888 1939.0435 2034.8185 1937.5929 2034.8185 1935.8034 C
2034.8185 1934.014 2033.4888 1932.5634 2031.8484 1932.5634 C
2030.2081 1932.5634 2028.8784 1934.014 2028.8784 1935.8034 C
[0 0 0 1]  vc
f 
n
2029.6884 1935.8034 m
2029.6884 1937.1455 2030.6555 1938.2335 2031.8484 1938.2335 C
2033.0414 1938.2335 2034.0085 1937.1455 2034.0085 1935.8034 C
2034.0085 1934.4613 2033.0414 1933.3734 2031.8484 1933.3734 C
2030.6555 1933.3734 2029.6884 1934.4613 2029.6884 1935.8034 C
n
true eomode
1953.2767 1913.6629 m
1938.6963 1915.283 L
1902.5155 1915.283 L
1876.0549 1910.4229 L
1876.0549 1905.5627 L
1902.5155 1910.4229 L
1938.6963 1910.4229 L
1953.0539 1908.2557 L
1953.2767 1913.6629 L
[0 0 0 0.6]  vc
f 
n
1954.0867 1913.5729 m
1939.5063 1915.1929 L
1903.3255 1915.1929 L
1876.8649 1910.3328 L
1876.8649 1905.4727 L
1902.0539 1911.4757 L
1939.5539 1910.9757 L
1954.0539 1907.9757 L
1954.0867 1913.5729 L
1.6199 w
[0 0 0 1]  vc
s 
n
2064.2492 2062.4363 m
2064.2492 1999.2549 L
2061.0091 1993.3147 L
2054.529 1990.0746 L
2001.0677 1990.0746 L
1994.5876 1993.3147 L
1991.8875 1999.2549 L
1991.8875 2055.9562 L
1988.6475 2062.4363 L
2064.2492 2062.4363 L
s 
n
3.24 w
S 
n
false eomode
2033.1985 2021.3954 m
2033.1985 2022.7375 2034.2865 2023.8255 2035.6285 2023.8255 C
2036.9706 2023.8255 2038.0586 2022.7375 2038.0586 2021.3954 C
2038.0586 2020.0533 2036.9706 2018.9653 2035.6285 2018.9653 C
2034.2865 20�¡�À�k18.9653 2033.1985 2020.0533 2033.1985 2021.3954 C
[0 0 0 0]  vc
f 
n
2034.0085 2021.3954 m
2034.0085 2022.2901 2034.7338 2023.0154 2035.6285 2023.0154 C
2036.5233 2023.0154 2037.2486 2022.2901 2037.2486 2021.3954 C
2037.2486 2020.5006 2036.5233 2019.7753 2035.6285 2019.7753 C
2034.7338 2019.7753 2034.0085 2020.5006 2034.0085 2021.3954 C
n
vmr
vmr
end
%%Trailer
��¡�À�icount op_count sub {pop} repeat
countdictstack dict_count sub {end} repeat
Access_Softek_context restore
�� �¿�ÿ

1.
Connect the interface to the computer, turn on the interface, and turn on the computer. 

2.
Connect the Temperature Sensor to Analog Channel A.

3.
Open the file titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshp (Win)

MA11.DS
MA11
MA11.SWS

· The DataStudio document has a Workbook display. Read the instructions in the Workbook. 

· The ScienceWorkshop document will open with a Digits display, a Table display , and a Graph display of Temperature.

· Data recording is set so there is one measurement per 5 s and Stop Condition = Time at 600 s (10 min.). 

PART II: Sensor Calibration and Equipment Setup
· You do not need to calibrate the Temperature Sensor. 

PART III: Data Recording
1. When the water in the beaker is boiling, use the Temperature Sensor and the Digits display to find the room temperature. Start to monitor the temperature of the room. 
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�����Л�'�������#���═�д�║�ю�▌/Access_Softek_context save def
/dict_count countdictstack def
/op_count count 1 sub def
/cxy [ currentpoint ] def
66 dict begin
/showpage {} def
0 setgray 0 setlinecap
1 setlinewidth 0 setlinejoin
10 setmiterlimit [] 0 setdash
/languagelevel where
{pop languagelevel
1 ne
 {false setstrokeadjust false  setoverprint
  } if
 } if
 0 792 translate
 1 -1 scale
 cxy 0 get 792 cxy 1 get sub translate
�═�©�"�Л�'���═�д�║�ю�q/exy [ currentpoint ] def
exy 0 get cxy 0 get sub 551 div exy 1 get cxy 1 get sub 236 div scale
0 -236 translate
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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 setli�║�ю�пnejoin 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 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 �║�ю�пdup 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   
 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}bd�║�ю�пf
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 
_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 �║�ю�п1 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 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
 }l�║�ю�пoop
 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 currentmatrix def end 
vms
-1723 -1864 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
n
[] 0 d
3.863708 M
1 w
0 j
0 J
false setoverprint
0 i
false eomode
[0 0 0 1] vc
vms
1794.2426 1962.129 m
1965.9666 1962.129 L
1965.9666 1935.1284 L
1794.2426 1935.1284 L
1794.2426 1962.129 L
[0 0 0 0.2]  vc
f 
n
1795.0526 1961.319 m
1966.7766 1961.319 L
1966.7766 1934.3183 L
1795.0526 1934.3183 L
1795.0526 1961.319 L
1.6199 w
[0 0 0 1]  vc
s 
n
1800.7228 1935.1284 m
1959.4864 1935.1284 L
1959.4864 1874.107 L
1800.7228 1874.107 L
1800.7228 1935.1284 L
[0 0 0 0.3]  vc
f 
n
1801.5328 1934.3183 m
1960.2964 1934.3183 L
1960.2964 1873.297 L
1801.5328 1873.297 L
1801.5328 1934.3183 L
[0 0 0 1]  vc
s 
n
1813.1431 1874.107 m
1836.9036 1874.107 L
183�║�ю�п6.9036 1867.6268 L
1813.1431 1867.6268 L
1813.1431 1874.107 L
f 
n
1813.9531 1873.297 m
1837.7136 1873.297 L
1837.7136 1866.8168 L
1813.9531 1866.8168 L
1813.9531 1873.297 L
s 
n
1921.6855 1874.107 m
1943.8261 1874.107 L
1943.8261 1867.6268 L
1921.6855 1867.6268 L
1921.6855 1874.107 L
f 
n
1922.4956 1873.297 m
1944.636 1873.297 L
1944.636 1866.8168 L
1922.4956 1866.8168 L
1922.4956 1873.297 L
s 
n
1861.7442 1907.0477 m
1861.7442 1916.5915 1869.8434 1924.3281 1879.8346 1924.3281 C
1889.8258 1924.3281 1897.925 1916.5915 1897.925 1907.0477 C
1897.925 1897.5039 1889.8258 1889.7673 1879.8346 1889.7673 C
1869.8434 1889.7673 1861.7442 1897.5039 1861.7442 1907.0477 C
[0 0 0 0.1]  vc
f 
n
1862.5542 1907.0477 m
1862.5542 1916.1442 1870.2908 1923.5181 1879.8346 1923.5181 C
1889.3784 1923.5181 1897.115 1916.1442 1897.115 1907.0477 C
1897.115 1897.9513 1889.3784 1890.5773 1879.8346 1890.5773 C
1870.2908 1890.5773 1862.5542 1897.9513 1862.5542 1907.0477 C
n
1877.1345 1907.8577 m
1862.5542 1906.2377 L
[0 0 0 1]  vc
S 
n
1877.1345 1904.6177 m
1862.5542 1906.2377 L
S 
n
true eomode
1861.7442 1907.0477 m
1876.3245 1908.6678 L
1876.3245 1905.4277 L
1861.7442 1907.0477 L
[0 0 0 0.3]  vc
f 
n
1862.5542 1906.2377 m
1877.1345 1907.8577 L
1877.1345 1904.6177 L
1862.5542 1906.2377 L
[0 0 0 1]  vc
s 
n
S 
n
1838.5236 2007.49 m
1838.5236 1969.6892 L
1841.2237 1966.9891 L
1846.0838 1963.749 L
1902.7851 1963.749 L
1909.2653 1966.9891 L
1910.8853 1971.3092 L
1910.8853 2007.49 L
1838.5236 2007.49 L
[0 0 0 0.0313]  vc
f 
n
1839.3336 2006.68 m
1839.3336 1968.8791 L
1842.0337 1966.1791 L
1846.8938 1962.939 L
1903.5951 1962.939 L
1910.0753 1966.1791 L
1911.6953 1970.4992 L
1911.6953 2006.68 L
1839.3336 2006.68 L
[0 0 0 1]  vc
s 
n
1859.0441 1965.3691 m
1937.3459 2078.7717 L
1940.586 2077.1516 L
1860.1241 1963.749 L
1859.0441 1965.3691 L
[0 0 0 0.3]  vc
f 
n
1859.8541 1964.559 m
1938.1559 2077.9616 L
1941.396 2076.3416 L
1862.5 1963 L
1859.8541 1964.559 L
[0 0 0 1]  vc
s 
n
false eomode
1850.9439 1999.9299 m
1850.9439 2002.6141 1853.3616 2004.79 1856.3441 2004.79 C
1859.3265 2004.79 1861.7442 2002.6141 1861.7442 1999.9299 C
1861.7442 1997.2457 1859.3265 1995.0698 1856.3441 1995.0698 C
1853.3616 1995.0698 1850.9439 1997.2457 1850.9439 1999.9299 C
[0 0 0 0]  vc
f 
n
vmrs
1851.7539 1999.9298 m
1851.7539 2002.1667 1853.8089 2003.9799 1856.344 2003.9799 C
1858.8791 2003.9799 1860.9341 2002.1667 1860.9341 1999.9298 C
1860.9341 1997.693 1858.8791 1995.8797 1856.344 1995.8797 C
1853.8089 1995.8797 1851.7539 1997.693 1851.7539 1999.9298 C
n
1891.9849 1995.8798 m
1891.9849 1999.0113 1894.4026 2001.5499 1897.385 2001.5499 C
1900.3674 2001.5499 1902.7851 1999.0113 1902.7851 1995.8798 C
1902.7851 1992.7482 1900.3674 1990.2096 1897.385 1990.2096 C
1894.4026 1990.2096 1891.9849 1992.7482 1891.9849 1995.8798 C
[0 0 0 0]  vc
f 
n
1892.7949 1995.8798 m
1892.7949 1998.5639 1894.8499 2000.7399 1897.385 2000.7399 C
1899.92 2000.7399 1901.9751 1998.5639 1901.9751 1995.8798 C
1901.9751 1993.1956 1899.92 1991.0197 1897.385 1991.0197 C
1894.8499 1991.0197 1892.7949 1993.1956 1892.7949 1995.8798 C
n
1859.0441 1978.5994 m
1859.0441 1980.8362 1860.7365 1982.6495 1862.8242 1982.6495 C
1864.9119 1982.6495 1866.6043 1980.8362 1866.6043 1978.5994 C
1866.6043 1976.3625 1864.9119 1974.5493 1862.8242 1974.5493 C
1860.7365 1974.5493 1859.0441 1976.3625 1859.0441 1978.5994 C
f 
n
1859.8541 1978.5993 m
1859.8541 1980.3888 1861.1839 1981.8394 1862.8242 1981.8394 C
1864.4645 1981.8394 1865.7943 1980.3888 1865.7943 1978.5993 C
1865.7943 1976.8099 1864.4645 1975.3593 1862.8242 1975.3593 C
1861.1839 1975.3593 1859.8541 1976.8099 1859.8541 1978.5993 C
n
1890.3648 1981.8394 m
1890.3648 1983.1815 1891.4528 1984.2695 1892.7949 1984.2695 C
1894.137 1984.2695 1895.2249 1983.1815 1895.2249 1981.8394 C
1895.2249 1980.4974 1894.137 1979.4094 1892.7949 1979.4094 C
1891.4528 1979.4094 1890.3648 1980.4974 1890.3648 1981.8394 C
f 
n
1891.1748 1981.8394 m
1891.1748 1982.7342 1891.9001 1983.4595 1892.7949 1983.4595 C
1893.6896 1983.4595 1894.4149 1982.7342 1894.4149�║�ю�п 1981.8394 C
1894.4149 1980.9447 1893.6896 1980.2194 1892.7949 1980.2194 C
1891.9001 1980.2194 1891.1748 1980.9447 1891.1748 1981.8394 C
n
1883.8847 1967.5291 m
1883.8847 1968.7221 1884.9726 1969.6892 1886.3147 1969.6892 C
1887.6568 1969.6892 1888.7448 1968.7221 1888.7448 1967.5291 C
1888.7448 1966.3361 1887.6568 1965.3691 1886.3147 1965.3691 C
1884.9726 1965.3691 1883.8847 1966.3361 1883.8847 1967.5291 C
f 
n
1884.6947 1967.5291 m
1884.6947 1968.2747 1885.42 1968.8791 1886.3147 1968.8791 C
1887.2094 1968.8791 1887.9348 1968.2747 1887.9348 1967.5291 C
1887.9348 1966.7835 1887.2094 1966.1791 1886.3147 1966.1791 C
1885.42 1966.1791 1884.6947 1966.7835 1884.6947 1967.5291 C
n
1876.3245 1907.0477 m
1876.3245 1908.8372 1877.6542 1910.2878 1879.2946 1910.2878 C
1880.9349 1910.2878 1882.2646 1908.8372 1882.2646 1907.0477 C
1882.2646 1905.2583 1880.9349 1903.8077 1879.2946 1903.8077 C
1877.6542 1903.8077 1876.3245 1905.2583 1876.3245 1907.0477 C
[0 0 0 1]  vc
f 
n
1877.1345 1907.0477 m
1877.1345 1908.3898 1878.1016 1909.4778 1879.2946 1909.4778 C
1880.4875 1909.4778 1881.4546 1908.3898 1881.4546 1907.0477 C
1881.4546 1905.7056 1880.4875 1904.6177 1879.2946 1904.6177 C
1878.1016 1904.6177 1877.1345 1905.7056 1877.1345 1907.0477 C
n
true eomode
1800.7228 1884.9072 m
1786.1425 1886.5273 L
1749.9616 1886.5273 L
1723.501 1881.6672 L
1723.501 1876.807 L
1749.9616 1881.6672 L
1786.1425 1881.6672 L
1800.5 1879.5 L
1800.7228 1884.9072 L
[0 0 0 0.6]  vc
f 
n
1801.5328 1884.8172 m
1786.9524 1886.4372 L
1750.7716 1886.4372 L
1724.311 1881.5771 L
1724.311 1876.717 L
1749.5 1882.72 L
1787 1882.22 L
1801.5 1879.22 L
1801.5328 1884.8172 L
1.6199 w
[0 0 0 1]  vc
s 
n
1911.6953 2033.6806 m
1911.6953 1970.4992 L
1908.4552 1964.559 L
1901.9751 1961.319 L
1848.5139 1961.319 L
1842.0337 1964.559 L
1839.3336 1970.4992 L
1839.3336 2027.2005 L
1836.0936 2033.6806 L
1911.6953 2033.6806 L
s 
n
3.24 w
S 
n
false eomode
2151.7308 1900.5676 m
2156.0509 1900.5676 L
2156.0509 1891.3874 L
2151.7308 1891.3874 L
2151.7308 1900.5676 L
[0 0 0 0.1]  vc
f 
n
1880.6446 1992.6397 m
1880.6446 1993.9818 1881.7326 1995.0698 1883.0747 1995.0698 C
1884.4168 1995.0698 1885.5047 1993.9818 1885.5047 1992.6397 C
1885.5047 1991.2976 1884.4168 1990.2096 1883.0747 1990.2096 C
1881.7326 1990.2096 1880.6446 1991.2976 1880.6446 1992.6397 C
[0 0 0 0]  vc
f 
n
1881.4546 1992.6397 m
1881.4546 1993.5344 1882.1799 1994.2597 1883.0746 1994.2597 C
1883.9694 1994.2597 1884.6947 1993.5344 1884.6947 1992.6397 C
1884.6947 1991.745 1883.9694 1991.0197 1883.0746 1991.0197 C
1882.1799 1991.0197 1881.4546 1991.745 1881.4546 1992.6397 C
n
1938.966 2077.152 m
1948.5305 2091.8243 1961.5098 2098.4212 1979 2097.5 C
1997.3742 2096.5322 2011.77 2086.3206 2017.808 2070.671 C
2033.5 2030 2032.5 1984.5 2035.5 1931.5 C
2036.4337 1915.0041 2035.4097 1899.9091 2047 1885.5 C
2061.8416 1867.0488 2080.8223 1866 2104.5 1866 C
2127 1866 2153.25 1868.75 2153.351 1891.387 C
[0 0 0 1]  vc
S 
n
true eomode
2083.0692 1944.6898 m
2223.4724 1944.6898 L
2226.7125 1943.0698 L
2226.7125 1910.129 L
2223.4724 1906.8889 L
2083.0692 1906.8889 L
2080.3692 1910.129 L
2080.3692 1943.0698 L
2083.0692 1944.6898 L
[0 0 0 0.4]  vc
f 
n
vmrs
2083.8792 1943.8797 m
2224.2824 1943.8797 L
2227.5225 1942.2597 L
2227.5225 1909.319 L
2224.2824 1906.0789 L
2083.8792 1906.0789 L
2081.1792 1909.319 L
2081.1792 1942.2597 L
2083.8792 1943.8797 L
1.6199 w
s 
n
2092.7894 1906.8889 m
2212.1322 1906.8889 L
2212.1322 1900.4088 L
2092.7894 1900.4088 L
2092.7894 1906.8889 L
[0 0 0 0.6]  vc
f 
n
2093.5994 1906.0789 m
2212.9422 1906.0789 L
2212.9422 1899.5987 L
2093.5994 1899.5987 L
2093.5994 1906.0789 L
[0 0 0 1]  vc
s 
n
2227.5225 1915.7991 m
2249.123 1914.1791 L
2272.8835 1907.6989 L
S 
n
2194.8518 1925.7894 m
2194.8518 1929.3683 2198.3574 1932.2695 2202.682 1932.2695 C
2207.0065 1932.2695 2210.5121 1929.3683 2210.5121 1925.7894 C
2210.5121 1922.2104 2207.0065 1919.3092 2202.682 1919.3092 C
2198.3574 1919.3092 2194.8518 1922.2104 2194.8518 1925.7894 C
[0 0 0 0]  vc
f 
n
2195.6618 1925.7893 m
2195.6618 1928.9�║�ю�И209 2198.8048 1931.4595 2202.6819 1931.4595 C
2206.5591 1931.4595 2209.7021 1928.9209 2209.7021 1925.7893 C
2209.7021 1922.6578 2206.5591 1920.1192 2202.6819 1920.1192 C
2198.8048 1920.1192 2195.6618 1922.6578 2195.6618 1925.7893 C
n
2146.2507 1925.7894 m
2146.2507 1929.3683 2149.3936 1932.2695 2153.2708 1932.2695 C
2157.148 1932.2695 2160.291 1929.3683 2160.291 1925.7894 C
2160.291 1922.2104 2157.148 1919.3092 2153.2708 1919.3092 C
2149.3936 1919.3092 2146.2507 1922.2104 2146.2507 1925.7894 C
f 
n
2147.0607 1925.7893 m
2147.0607 1928.9209 2149.841 1931.4595 2153.2708 1931.4595 C
2156.7006 1931.4595 2159.4809 1928.9209 2159.4809 1925.7893 C
2159.4809 1922.6578 2156.7006 1920.1192 2153.2708 1920.1192 C
2149.841 1920.1192 2147.0607 1922.6578 2147.0607 1925.7893 C
n
2171.6313 1925.7894 m
2171.6313 1929.3683 2174.7742 1932.2695 2178.6514 1932.2695 C
2182.5286 1932.2695 2185.6716 1929.3683 2185.6716 1925.7894 C
2185.6716 1922.2104 2182.5286 1919.3092 2178.6514 1919.3092 C
2174.7742 1919.3092 2171.6313 1922.2104 2171.6313 1925.7894 C
f 
n
2172.4412 1925.7893 m
2172.4412 1928.9209 2175.2216 1931.4595 2178.6514 1931.4595 C
2182.0812 1931.4595 2184.8615 1928.9209 2184.8615 1925.7893 C
2184.8615 1922.6578 2182.0812 1920.1192 2178.6514 1920.1192 C
2175.2216 1920.1192 2172.4412 1922.6578 2172.4412 1925.7893 C
n
2114.9299 1925.7893 m
2114.9299 1928.4735 2117.3476 1930.6495 2120.3301 1930.6495 C
2123.3125 1930.6495 2125.7302 1928.4735 2125.7302 1925.7893 C
2125.7302 1923.1051 2123.3125 1920.9292 2120.3301 1920.9292 C
2117.3476 1920.9292 2114.9299 1923.1051 2114.9299 1925.7893 C
f 
n
2115.74 1925.7893 m
2115.74 1928.0262 2117.795 1929.8394 2120.33 1929.8394 C
2122.8651 1929.8394 2124.9202 1928.0262 2124.9202 1925.7893 C
2124.9202 1923.5525 2122.8651 1921.7393 2120.33 1921.7393 C
2117.795 1921.7393 2115.74 1923.5525 2115.74 1925.7893 C
n
2096.0295 1925.7893 m
2096.0295 1928.4735 2098.4472 1930.6495 2101.4296 1930.6495 C
2104.4121 1930.6495 2106.8298 1928.4735 2106.8298 1925.7893 C
2106.8298 1923.1051 2104.4121 1920.9292 2101.4296 1920.9292 C
2098.4472 1920.9292 2096.0295 1923.1051 2096.0295 1925.7893 C
f 
n
2096.8395 1925.7893 m
2096.8395 1928.0262 2098.8945 1929.8394 2101.4296 1929.8394 C
2103.9647 1929.8394 2106.0197 1928.0262 2106.0197 1925.7893 C
2106.0197 1923.5525 2103.9647 1921.7393 2101.4296 1921.7393 C
2098.8945 1921.7393 2096.8395 1923.5525 2096.8395 1925.7893 C
n
2151.1008 1899.7576 m
2155.4209 1899.7576 L
2155.4209 1890.5773 L
2151.1008 1890.5773 L
2151.1008 1899.7576 L
[0 0 0 1]  vc
s 
n
2146.8707 1921.0881 m
2157.671 1921.0881 L
2157.671 1900.5676 L
2146.8707 1900.5676 L
2146.8707 1921.0881 L
[0 0 0 0.2]  vc
f 
n
2147.6807 1920.278 m
2158.4809 1920.278 L
2158.4809 1899.7576 L
2147.6807 1899.7576 L
2147.6807 1920.278 L
[0 0 0 1]  vc
s 
n
2148.625 1925.014 m
2157.375 1925.014 L
2157.375 1921.014 L
2148.625 1921.014 L
2148.625 1925.014 L
[0 0 0 0.1]  vc
f 
n
2148.875 1925.75 m
2157.125 1925.75 L
2157.125 1920.278 L
2148.875 1920.278 L
2148.875 1925.75 L
[0 0 0 1]  vc
s 
n
vmrs
vmr
vmr
end
%%Trailer
��║�ю�icount op_count sub {pop} repeat
countdictstack dict_count sub {end} repeat
Access_Softek_context restore
��═�©�Ъ

Hint: In DataStudio, select “Monitor Data” in the Experiment menu.

· Hint: In ScienceWorkshop, click the MON button. 

2. Record the room temperature:

Troom = __________

3. Put the Temperature Sensor into the boiling water. Watch the Digits display until the temperature reaches a maximum value and remains steady. 
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�بخ#_/ذﺧحﺳ�ترﺧﺧث>ذ_/ذﺧحﺳ�_/ﺧ,'ةﺗﺛ
�بﺄ#ت%ث/ﺧذ?_/ﺧ,�دثذ_/ذﺧحﺳ'ةﺗﺛ
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�'حﺛ�
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�دثذدذﺧ?,ث/ﺗ¦ردذ�ﺗثﺛثﺗ
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�ﺣﺧح>ذثﺧؤثد�
�جد/زث
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�_/ﺳ
�جﺧثدذ?ﺧث
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Once the temperature reaches a steady value, QUICKLY do the following:

4. Remove the Temperature Sensor from the beaker of boiling water.

5. Place the sensor on the textbook with the tip of the sensor extending beyond the edge of the book.

6. Click STOP, and then immediately start recording data.

· Hint: In DataStudio, click Start [image: image6.png]


. In ScienceWorkshop, click REC.

7. Turn off the hot plate.

· Data recording stops automatically at 600 s (10 minutes).

Analyzing the Data – Rate of Cooling
1. After the recording has stopped, click the Graph display to make it active. Set up your Graph to display statistics.

· Hint: In DataStudio, click the Statistics menu button in the toolbar and select “Show All”. 

· Hint: In ScienceWorkshop, click the Statistics button to open the statistics area on the right side of the graph. Click the Statistics menu button and select “All Of The Above”.

2. Re-scale the graph to fit the data. Refer to the graph as you answer these questions.

Write your answers in the Lab Report section.

Questions

1. On your graph, at what point is the rate of cooling the greatest?

2. On your graph, over what interval of time is the rate of cooling the greatest?

3. On your graph, over what interval of time is the rate of cooling the least?

Analyzing the Data – Calculation and Curve Fit
· Use data from your Table display and the mathematical model for Newton’s Law of Cooling to calculate “k”, the constant of proportionality. 

The mathematical model for Newton’s Law of Cooling is:


[image: image7.wmf]
where T(t) is the temperature at time “t”, T(0) is the initial temperature of the object, Troom is room temperature, and k is a constant of proportionality.

To determine “k” you will need the initial temperature, the room temperature, and one other temperature selected from your Table. 

In this Sample Calculation below, the initial temperature of the Temperature Sensor is 94.53 ˚C. The room temperature is 21.80 ˚C. (Use your own values for these temperatures when you do the calculation.)

[image: image15..pict]To get the other temperature from the Table, click the Time button so the Table shows both time and temperature. Then, select any data pair between t = 20 s and t = 120 s. 

For the Sample Calculation below, the sample data pair is (75.0000, 33.35). In other words, at time = 75 seconds, the temperature = 33.35 ˚C.

Sample Calculation

Initial temperature = 94.53 ˚C

[image: image16..pict]Room temperature = 21.80 ˚C

Data pair from Table: (75, 33.35)

· Use the Curve Fit feature in DataStudio or ScienceWorkshop to apply an Exponential Fit on the graph of your data.
[image: image17..pict]DataStudio Curve Fit

In the DataStudio Graph display, click the ‘Fit’ menu button and select ‘Natural Exponent’. 

[image: image18..pict]Double-click the ‘Natural Exponent Fit’ window to open the Curve Fit window (or click ‘Curve Fit’ in the main toolbar).

Notice the formula for ‘Natural Exponent’:[image: image8.png]



[image: image19..pict]In the Curve Fit window, click ‘Manual’. 

In the ‘Manual’ Curve Fit window, type in your calculation for the proportionality constant, ‘k’, as the value for ‘C (Exponent)’. Then type in the room temperature as ‘B (Y Offset)’. Finally, type in the difference between the initial temperature and the room temperature as ‘A (Scale Factor)’. 

Note: The numbers shown are an example. Be sure to enter your numbers.

After you enter your values for the Variables, click ‘Accept’. 

[image: image20..pict]Compare the new Curve Fit in the Graph display to your data. 

Go to the ‘Curve Fit’ window and adjust your number for ‘C (Exponent)’ slightly. Click ‘Accept’ again to see whether your new numbers improve the Curve Fit on the Graph display. 

Try the following: Click ‘Automatic’ in the ‘Curve Fit’ window and then click ‘Accept’. Compare the new Curve Fit to the data in your Graph display.

[image: image21..pict]

ScienceWorkshop Curve Fit 

· [image: image22..pict]ScienceWorkshop will attempt to fit the data to a mathematical formula with base “e” raised to a variable in x.

· In ScienceWorkshop you may see a message that says “there is no valid solution.” In other words, the program needs your help to create the mathematical formula that best fits your data. Click ‘OK’ to continue. 

· The Exponential Fit is of the form y = a1 + a2e^(a3x + a4), where a1 is the room temperature, a2 = (initial temperature of the hot liquid) – (room temperature), a3 = – k, and finally, a4 has no match according to the function described in the Background. So, let a4 = 0.

ScienceWorkshop Exponential Fit Formula:

[image: image9.wmf]
· In the Graph statistics area, do the following:

1. Click a1 and enter the value of the room temperature.

2. Click a2 and enter the difference between the initial (maximum) temperature of the sensor, T(0), and the room temperature.

3. Click a3 and enter the constant of proportionality, k, that you calculated earlier.

4. Click a4 and enter “0” (zero).

The curve fit may not be exact, but none-the-less, that last entry really made a difference. It is important that parameters a1, a2, and a4, not be changed to better the fit, for they represent the actual initial and final conditions of the experiment. Try inputting different values for k (a3) to see if a better fit is possible.

Lab Report - Activity SL25: Exponential Modeling – Newton’s Law of Cooling

What do you think?

From your own experience with the cooling of hot liquids (take coffee or tea for example), name some ways in which you would cause the hot liquid to reach the desired temperature before taking a sip. 

Questions

1. On your graph, at what point is the rate of cooling the greatest?

2. On your graph, over what interval of time is the rate of cooling the greatest?

3. On you graph, over what interval of time is the rate of cooling the least?

4. How would the rate of cooling be affected if the Temperature Sensor were allowed to cool in a refrigerator?

5. Again, if the Temperature Sensor were allowed to cool in the refrigerator, would k be greater than or smaller than if the Temperature Sensor were allowed to cool at room temperature?

6. [image: image23..pict]What would a temperature vs. time graph look like if the Temperature Sensor were allowed to warm up rather than cool down? Is this an example of an exponential function?

� EMBED Equation.3  ���
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