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Activity P32: Variation of Light Intensity
(Light Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Illuminance
P32 Vary Light.DS
P54 Light Bulb Intensity
P54_BULB.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Light Sensor (CI-6504A)
1
Fluorescent light source (AC)
1

Flashlight (or other DC light source)
1
Incandescent light source (AC)
1

What Do You Think?

[image: image1.wmf]The purpose of this activity is to compare the variation in intensity of light from light sources. How does the light from a DC light source compare to light from an AC light source? How does the light from a fluorescent tube compare to the light from an incandescent bulb? 

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

Background

[image: image7..pict]Electric light bulbs are powered by a voltage of 60 Hz (or 50 Hz in some countries) sinusoidal wave. The maximum amplitude of the voltage, and thus a maximum brightness, occurs twice per cycle because an electric bulb is excited when the voltage increases, regardless of the polarity of the voltage. An electric bulb will have maximum intensity 120 times per second (or 100 times/second). It will also have minimum intensity 120 times per second (or 100 times/second). 

[image: image8.png]


Fluorescent lights blink on and off at a particular frequency. The light intensity from incandescent bulbs powered by AC fluctuates as well. The light intensity from an incandescent bulb powered by DC should not vary.

SAFETY REMINDERS
· Follow directions for using the equipment.


[image: image28..pict]


For You To Do

In this activity, use the Light Sensor to measure the intensity of light from light bulbs powered by AC or DC. There are three parts to the activity: Part A = Fluorescent bulb, AC; Part B = Incandescent bulb, AC; and Part C = Incandescent bulb, DC.

Use DataStudio or ScienceWorkshop to monitor and display the variations, if any, in the light intensity. Compare the light intensity of fluorescent and incandescent lights powered by AC, and an incandescent light powered by DC.

PART I: Computer Setup 

[image: image9..pict]1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer. 

2.
Connect the Light Sensor cable into Analog Channel A on the interface. Connect the Light Sensor to the cable.

3.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P32 Vary Light.DS
P54 Light Bulb Intensity
P54_BULB.SWS

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

· The ScienceWorkshop document opens with a Scope display of voltage from the Light Sensor in Channel A and a Frequency Spectrum (FFT) display for the same sensor. It also has a Digits display for the voltage from the Light Sensor.

· The data measurement is set at 5000 Hz (set by the Sweep Speed control in the Scope display). The Frequency Spectrum (FFT) is set to 256 data points.

PART II: Sensor Calibration & Equipment Setup
· You do not need to calibrate the Light Sensor. However, you may need to adjust the sensitivity of the sensor, depending on the brightness of the light source and how close the sensor is to the source.

Adjusting Light Sensor Sensitivity

•
The Light Sensor has a GAIN switch on the top of the sensor box. The GAIN switch selects the amount of amplification for the signal that is sent to the interface. The settings are 1, 10, and 100. The setting of 10 amplifies the signal ten times and the setting of 100 amplifies the signal one hundred times.

Try the following to become more familiar with the Light Sensor:

•
Place the Light Sensor on a table so the port on the sensor is below an overhead light. Set the GAIN switch to 1.

•
Start monitoring data. Move the Digits display of Input Volts so you can see it clearly.

•
Switch the GAIN to 10 and observe the value of Input Volts in the Digits display. Then switch to 100 and observe the value of Input Volts. 

NOTE: The maximum voltage from the sensor is 4.9 V for any GAIN setting. 

•
Cover the Light Sensor port and observe the value of Input Volts.

•
Return the GAIN setting to 10. Pick up the sensor. Observe the value of Input Volts as you move the Light Sensor closer to the overhead light source. Observe what happens when you move the Light Sensor farther from the light source.

•
Click STOP to stop monitoring data.

Equipment Setup

[image: image10..pict]1.
Place the Light Sensor within a few feet of a fluorescent bulb that is powered by AC.

2.
Turn on the fluorescent bulb.


PART IIIA: Data Recording – Fluorescent Bulb, AC
1.
Start monitoring data. (Hint: In DataStudio, click the ‘Start’ button ([image: image2.png]


). In ScienceWorkshop, click the ‘MON’ button.) Arrange the Scope display, the Digits display, and the Frequency Spectrum (FFT) so you can see them clearly.

•
NOTE: It is likely that you will see a value in the Digits display, and a spectrum in the Frequency Spectrum display, but nothing in the Scope display. This is because the trigger control in the Scope is on, and the trigger level may be set too low for the voltage produced by the Light Sensor.

2.
Adjust the Scope display until you see the trace of voltage from the Light Sensor:

· First, adjust the trigger level. 
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 /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 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 len�¡�À�Ðgth 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 
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   
 (|______) a�¡�À�Ðnchorsearch
 {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/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 in�¡�À�Ðdex 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       
 /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 �¡�À�Ðstopped 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 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 1602 2304 2394 } def 
/bleed 0 def 
/clpr {1692 1602 2304 2394 } def 
/xs 1 def 
/ys 1 def 
/botx 0 def 
/overlap 0 def 
/wdist 18 def 
�¡�À�Ð0 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
-1962 -1985 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
1982.2933 2013.0978 m
1976.6734 2013.3296 1980.6131 2030.9426 1977.7742 2032.9124 C
1968.8518 2038.5324 1962.9422 2048.4976 1962.9422 2059.7375 C
1962.9422 2077.2926 1977.1956 2091.5452 1994.6919 2091.5452 C
2012.1891 2091.5452 2026.3258 2077.2926 2026.3258 2059.7375 C
2026.3258 2048.4976 2020.3582 2038.5324 2011.4359 2032.9124 C
2008.6549 2030.9426 2012.5367 2013.3296 2006.9747 2013.0978 C
1982.2933 2013.0978 L
0.431 w
1 J
1 j
4 M
s 
n
2008.1914 2013.0978 m
2008.1914 2013.0978 2008.1334 2010.4327 2006.9747 2010.4327 C
2005.4683 2010.4327 1983.9735 2010.4327 1982.2933 2010.4327 C
1981.0766 2010.4327 1981.0766 2013.0978 1981.0766 2013.0978 C
S 
n
1981.7719 2010.3748 m
2007.4382 2010.3748 L
2007.4382 2005.508 L
1981.7719 2005.508 L
1981.7719 2010.3748 L
s 
n
1982.8727 2005.4501 m
2006.5112 2004.6389 L
2007.0906 2004.6389 2007.612 2004.0596 2007.5541 2003.5381 C
2007.5541 2002.7849 L
2007.5541 2002.1484 2006.9167 2001.6841 2006.3374 2001.6841 C
1982.6989 2002.4953 L
1982.0616 2002.5532 1981.656 2003.0167 1981.656 2003.654 C
1981.656 2004.4072 L
1981.7139 2004.9866 1982.1774 2005.508 1982.8727 2005.4501 C
s 
n
1982.8727 2000.2936 m
2006.5112 1999.4825 L
2007.0906 1999.4825 2007.612 1998.9031 2007.5541 1998.3817 C
2007.5541 1997.6285 L
2007.5541 1996.9912 2006.9167 1996.5277 2006.3374 1996.5277 C
1982.6989 1997.3396 L
1982.0616 1997.3967 1981.656 1997.8602 1981.656 1998.4976 C
1981.656 1999.2507 L
1981.7139 1999.8301 1982.1774 2000.3516 1982.8727 2000.2936 C
s 
n
1982.8727 1995.2531 m
2006.5112 1994.4419 L
2007.0906 1994.4419 2007.612 1993.8626 2007.5541 1993.2832 C
2007.5541 1992.5879 L
2007.5541 1991.9506 2006.9167 1991.4292 2006.3374 1991.4292 C
1982.6989 1992.2403 L
1982.0616 1992.3562 1981.656 1992.8197 1981.656 1993.457 C
1981.656 1994.1522 L
1981.7139 1994.7316 1982.1774 1995.311 1982.8727 1995.2531 C
s 
n
2007.3802 2005.6239 m
2007.3802 2005.6239 2006.7429 2004.9866 2007.1485 2004.4651 C
S 
n
2007.1485 2001.9159 m
2007.1485 2001.9159 2005.9898 2000.6412 2007.1485 1999.2507 C
S 
n
2007.1485 1996.8174 m
2007.1485 1996.8174 2005.9898 1995.5427 2007.1485 1994.1522 C
S 
n
1982.1195 1997.6285 m
1982.1195 1997.6285 1983.2211 1996.3539 1982.0616 1994.9642 C
S 
n
1982.1195 2002.727 m
1982.1195 2002.727 1983.2211 2001.3944 1982.0616 2000.0619 C
S 
n
1983.2211 1992.2403 m
1982.9306 1988.7061 1984.2632 1988.3585 1984.2632 1988.3585 C
2005.0627 1988.3585 L
2005.0627 1988.3585 2006.2794 1988.9387 2006.2794 1991.3712 C
S 
n
2000.7754 1988.3585 m
2000.7754 1986.9101 1998.0523 1985.7513 1994.6919 1985.7513 C
1991.3895 1985.7513 1988.6085 1986.9101 1988.6085 1988.3585 C
S 
n
vmrs
1997.2412 2012.8661 m
1997.2412 2012.8661 1997.2412 2024.8591 1997.2412 2027.1187 C
1997.2412 2029.4362 1997.2412 2031.1743 1995.5031 2031.1743 C
1995.5031 2031.1743 1993.2435 2033.8394 1996.4309 2034.245 C
1997.9944 2034.4767 1996.6039 2037.953 1996.6039 2037.953 C
1993.5332 2037.953 L
1990.4633 2037.953 L
1990.4633 2037.953 1989.1307 2034.4767 1990.6363 2034.245 C
1993.8808 2033.8394 1991.6221 2031.1743 1991.6221 2031.1743 C
1989.8252 2031.1743 1989.8252 2029.4362 1989.8252 2027.1187 C
1989.8252 2024.8591 1989.8252 2012.8661 1989.8252 2012.8661 C
0.431 w
1 J
1 j
4 M
S 
n
1991.3895 2038.0109 m
1991.3895 2038.0109 1989.0141 2064.6042 1985.8275 2056.8406 C
1986.4069 2052.3794 1991.2736 2054.5231 1991.2736 2057.0144 C
1991.2736 2059.6216 1988.6085 2060.6645 1989.0141 2056.9565 C
1989.3617 2053.3064 1994.5761 2053.5961 1994.6919 2056.8406 C
1994.9237 2061.3018 1992.2006 206�¡�À�01.1859 1992.2586 2057.0144 C
1992.3165 2053.8279 1997.3571 2053.3064 1997.4729 2056.7827 C
1997.7055 2060.8383 1995.3292 2059.9113 1995.3292 2056.8406 C
1995.3292 2053.8279 1999.9642 2052.2056 2000.7754 2056.5509 C
1997.4729 2065.2416 1995.3872 2038.0109 1995.3872 2038.0109 C
S 
n
vmr
vmr
end
%%Trailer
�¡�À�icount op_count sub {pop} repeat
countdictstack dict_count sub {end} repeat
Access_Softek_context restore
�� �¿�ÿ

[image: image12..pict]In DataStudio, move the small triangle (the ‘Trigger Level’ pointer) on the left side of the display up or down to the desired voltage level. In ScienceWorkshop, click in the space along the left edge of the Scope display that is above the Trigger Level pointer. When you click above or below the Trigger Level Pointer, it “jumps” to the spot you clicked. The value in the Digits display will indicate the approximate trigger level you need. 

· Second, adjust the vertical position of the trace of voltage. 

[image: image13..pict][image: image14..pict]In DataStudio, click the up or down arrows next to ‘Offset’. In ScienceWorkshp, click the ‘UP/DOWN Arrows’ in the right side of the Scope display.

•
Finally, adjust the Sensitivity (volts per division) if needed.
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In DataStudio, click the arrows to increase or decrease the sensitivity. In ScienceWorkshop, click the Vertical Scale buttons in the right side of the Scope display.

[image: image17..pict][image: image18..pict]
3.
Use the Frequency Spectrum to measure the frequency of the signal from the Light Sensor. Record the value of the frequency in the Lab Report section.

[image: image19..pict][image: image20..pict]•
Make the FFT display (Frequency Spectrum) active. In DataStudio, click the ‘Smart Tool’ button. In ScienceWorkshop, click the ‘Smart Cursor’ button. Move the cursor/cross-hair to the top of the first peak in the display area. In DataStudio, the frequency is the first number in the ordered pair. In ScienceWorkshop, the frequency is shown below the horizontal axis. 

4.
Click the STOP button to stop monitoring data. 

5. Save the trace that is displayed on the Scope. Click the Scope to make it active. 
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In DataStudio, click the ‘Transfer’ button ([image: image3.png]


). The data in the Scope is automatically added to the data list. 

· [image: image22..pict]In ScienceWorkshop, click the ‘Data Snapshot’ button ([image: image4.png]


) in the right side of the Scope display. The Data Cache Information window will open. Enter appropriate information for the Long Name, Short Name, and Units. Click OK to return to the Scope.

[image: image23..pict]•
The Short Name for the Data Cache will appear in the Data List in the Experiment Setup window. (NOTE: You can display and analyze the Data Cache in any display that can show recorded data such as the Graph, Table, or FFT.)

PART IIIB: Incandescent Light – AC
Repeat the activity using an incandescent light connected to an AC power supply.

PART IIIC: Incandescent Light – DC
Repeat the activity using a battery operated flashlight.

Analyzing the Data
1. Set up a Graph display to show data for the AC fluorescent light, AC incandescent light, and DC incandescent light.

· Hint: In DataStudio, do the following:

· [image: image24..pict]Click ‘Add Display…’ from the Experiment menu. 

· Select ‘Graph’ from the ‘Please Choose…’ window. Click ‘OK’. 

· [image: image25..pict]Click and drag ‘Data’ from the Data list to the new Graph display. 

· The Graph automatically rescales to fit the data. Repeat the process for the other runs of data. 

· Hint: In ScienceWorkshop, do the following:

· [image: image26..pict]Click the Display Menu. Select New Graph from the Display Menu.

· In the new Graph display, click the Vertical Axis Input Menu button ([image: image5.png]< @




). Select Data Cache, Fluorescent AC from the Input Menu.

[image: image27..pict]
· The Graph will show the data seen in the Scope display for the fluorescent bulb powered by AC.

· Click the Add Plot Menu button ([image: image6.png]


) in the lower left corner of the Graph. Select Data Cache, Incandescent AC from the Add Plot Menu.

· A new plot will be added to the Graph. It will show the data seen in the Scope display for the incandescent bulb powered by AC.

· Click the Add Plot Menu button again. Select Data Cache, Incandescent DC from the Add Plot Menu.

· A third plot will be added to the Graph.



Lab Report - Activity P32: Variation of Light Intensity

What Do You Think?

The purpose of this activity is to compare the variation in intensity of light from light sources. How does the light from a DC light source compare to light from an AC light source? How does the light from a fluorescent tube compare to the light from an incandescent bulb? 

Data Table

Light Source
Frequency

Fluorescent, AC


Incandescent, AC


Incandescent, DC


Questions

1.
How does the frequency of light intensity variation for the fluorescent AC bulb and the incandescent AC bulb compare to the accepted value for AC frequency?

2.
How does the fluctuation of an incandescent bulb run on 60 Hz (or 50 Hz) AC differ from the fluorescent bulb?

3.
How does the fluctuation of a light bulb run on 60 Hz (or 50 Hz) AC differ from the incandescent bulb powered by DC?

Trigger Level pointer





Trigger menu





‘Offset’ arrows





Sensitivity controls





Drag and drop ‘Data’ onto the Graph.
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