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6+0.5/,:!05(!0(12()+03)(!)(+-/,:'!%,!05(!05()1%1(0()>!27+.(!/0!/,!
05(!.32!%4!6+0()#!Q('.)/&(!65+0!9%3!%&'()*(#!

&W! F'!05(!05()1%1(0()!1+D/,:!+,!+..3)+0(!)(+-/,:!%4!05(!0(12()+03)(!
%4!05(!6+0()!4)%1!05(!1%1(,0!/0!/'!27+.(-!/,!05(!.32G!H%6!7%,:!-%!
9%3! 05/,D! 05(! 05()1%1(0()! ,((-'! 0%! '/0! /,! 05(! 6+0()! &(4%)(! /0! /'!
)(+-/,:!+,!+..3)+0(!0(12()+03)(G!

! ! !
aHb$ $aZb!

!
aWb$

1FGHIJ%&8?K!$6%!092('!%4!
05()1%1(0()']!aHb!U!
'0+,-+)-!7/M3/-A4/77(-!
05()1%1(0()!aZb!+,-!aWb!
E7(.0)%,/.A05()1%1(0()'#!
VaHb!+,-!aWb$.%3)0('9!%4!
Z%.D(0!S3)'(!E,0()2)/'('>!
F,.#!aZb!.%3)0('9!%4!
E7(.0)%,/.!$(12()+03)(!
F,'0)31(,0'>!_0-#W!


























































































































!
&8E! % (:,/0-)$#0"2%#"%,'<2#&2!
!

.W! F4!05(!05()1%1(0()!/'!,%0!1+D/,:!+,!+..3)+0(!)(+-/,:!%4!05(!6+0()!
65(,!/0!/'!4/)'0!27+.(-!/,!05(!6+0()>!65+0!0(12()+03)(!-%!9%3!05/,D!
/0!/'!1(+'3)/,:G!

-W! S%6! 0+D(! 05(! 05()1%1(0()! %30! %4! 05(! 6+0()! +,-! 7(0! /0! '/0! /,! 05(!
)%%1!+/)#!U:+/,>!6+0.5!05(!0(12()+03)(!)(+-/,:'!+,-!-('.)/&(!65+0!
9%3!%&'()*(#!H%6!7%,:!-%!9%3!05/,D!05(!05()1%1(0()!,((-'!0%!'/0!
/,!05(!+/)!&(4%)(!/0!/'!)(+-/,:!+,!+..3)+0(!0(12()+03)(G!I59!-%!9%3!
05/,D!05/'!/'!'%!-/44()(,0!4)%1!05(!0/1(!/0!,((-'!0%!'/0!/,!05(!6+0()G!

!

$5()(!/'!+!'3&07(!7(''%,!0%!&(!7(+),(-!5()(#!X(4%)(!05(!05()1%1(0()!/'!27+.(-!/,!05(!6+0()>!
/0! /'! +0! 05(! '+1(! 0(12()+03)(! +'! 05(! +/)#!`,.(! /0! /'! 27+.(-! /,! 05(!6+0()>! /0'! 0(12()+03)(!
/,.)(+'('!&(.+3'(!/0! /'!/,!.%,0+.0!6/05!05(!6+)1()!6+0()#!`,.(!/0!5+'!&((,!'/00/,:!/,!05(!
6+0()!4%)!+!65/7(>!05(!05()1%1(0()!)(+.5('!05(!0(12()+03)(!%4!05(!6+0()#!I(!'+9!05+0!/0!/'!
/,!IPLKOHS$LcJMSMZKMJO!6/05!05(!6+0()#!$53'>!6(!*/(6!05/'!'/03+0/%,!+'!4%77%6'#!I5(,!06%!
%&<(.0'! +0! -/44()(,0! 0(12()+03)('! +)(! /,! 05()1+7! .%,0+.0! 6/05! (+.5! %05()>! 05(/)!
0(12()+03)('! 6/77! .5+,:(#! $5/'! 6/77! .%,0/,3(! 3,0/7! 05(! %&<(.0'! 5+*(! )(+.5(-! 05()1+7!
(M3/7/&)/31>!+0!65/.5!2%/,0! 05(/)! 0(12()+03)('!+)(!(M3+7#!U'!'/127(!+,-!%&*/%3'!+'! 05/'!
1+9!'%3,->!'./(,0/'0'!3'(!05/'!092(!%4!)(+'%,/,:!0%!-(4/,(!05(!.%,.(20!%4!0(12()+03)(#!

6NMTY$H$.LOQLKHIJKL$1LTNRK$

$5(!2)(*/%3'!+.0/*/09!.+,!&(!1+-(!13.5!1%)(!*/'3+7!6/05!05(!3'(!%4!+,!aX_!'9'0(1!+,-!
+!0(12()+03)(!'(,'%)#!$5(!.%1230()!.+,!1+D(!1+,9!0(12()+03)(!)(+-/,:'!+,-!27%0!05(1!
%,!+!:)+25#!$5/'!6/77!+77%6!3'!0%!*/(6!5%6!05(!0(12()+03)(!/'!.5+,:/,:!6/05!0/1(#!$5/'!
D/,-!%4!:)+25!/'!.+77(-!+!0(12()+03)(A0/1(!:)+25#!U!0(12()+03)(A0/1(!:)+25!.+,!&(!13.5!
1%)(! 3'(437! 05+,! +! 7+):(! 0+&7(! %4! ,31&()'! &(.+3'(! 9%3! .+,! '((! *()9! M3/.D79! 5%6! 05(!
0(12()+03)(! *+)/('! %*()! 0/1(#! P%3)! /,'0)3.0%)! 1+9! 2)%*/-(! 9%3! 6/05! 1%)(! '2(./4/.!
/,4%)1+0/%,!%,!5%6!0%!3'(!05(!0(12()+03)(!'(,'%)!+,-!aX_!'9'0(1#!

A related question: In which 
case (in air or in water) do 
you think the surrounding 
molecules are bouncing off of 
the thermometer more often?
























































































































See below


























































































































Check "Continuous Data •
Collection"

Set the Sampling Rate to 1 •
sample per second

3.) Take a few seconds of data and examine it: 
 

Click the "Start" button.•

You should see temperature numbers showing up •
once per second in the spreadsheet area, and the 
graph will start to fill in.

You're taking data continuously (see above) so it •
won't stop collecting data until you hit the "Stop" 
button.  Hit that button after at least 10 seconds.

If you right-click with your mouse on the graph you'll •
see this menu.  The circled options let you zoom in 
(or out) to see more detail on your data. 

We'll be using "Logger Pro" on the PCs as our 
"MBL" (Microcomputer Based Laboratory) system.  
Here are some things to do to get going:

1.) Go to the Windows "Start" menu and type 
"Logger..." to start the program.  When you start it up, 
you should see the temperature from the temperature 
probe already displayed.  If not, check with your 
instructor.

2.) Click on this "Data Collection" icon:
You'll see a menu like this:   



!
'()$*%$(+,(-)$!-(*%)".%&/0!.%10-+)$#0"! % &8A!

)LMFRFMS%9797?!$JU[JIVMHIJ%2JOPNIP%

+W! F1+:/,(!05(!4%77%6/,:!(N2()/1(,0#!U!0(12()+03)(!'(,'%)!5+'!&((,!
'/00/,:!%30! /,!)%%1!+/)! 4%)!+!65/7(#!$5(!'(,'%)! /'! 05(,!27+.(-! /,!+!
.32!%4!5%0!6+0()!3,0/7! /0! /'! /,! 05()1+7!(M3/7/&)/31!6/05! 05(!6+0()#!
$5(,!05(!0(12()+03)(!'(,'%)!/'!)(1%*(-!4)%1!05(!6+0()!+,-!5(7-!/,!
05(! +/)#!a+D(! +! )%3:5! 'D(0.5! %4!65+0! 9%3! 05/,D! 05(! 0(12()+03)(A
0/1(!:)+25!6/77!7%%D!7/D(!4%)!05/'!(N2()/1(,0#!X)/(479!(N27+/,!9%3)!
2)(-/.0/%,#!"NMJK!a+D(!'3)(!0%!/,-/.+0(!65(,!05(!'(,'%)!/'!27+.(-!
/,0%!05(!6+0()!+,-!65(,!/0!/'!)(1%*(-!4)%1!05(!6+0()#!

!

&W! S%6>! .+))9! %30! 05(! (N2()/1(,0#! O(0! 05(! '%406+)(! 0%! )3,! 4%)! "b!
1/,30('!+,-!'0+)0!05(!(N2()/1(,0!+40()!05(!'(,'%)!5+'!&((,!'/00/,:!/,!
05(! +/)! 4%)!M3/0(! +!65/7(#!$5(,>! +40()! +&%30! ;b! '(.%,-'>! 27+.(! 05(!
'(,'%)! /,! +! .32! %4! 5%0! 6+0()#! U40()! 05(! 0(12()+03)(! ,%! 7%,:()!
+22(+)'!0%!&(!.5+,:/,:>!0+D(!05(!'(,'%)!%30!%4!05(!6+0()!+,-!7(0!/0!
'/0!/,!05(!+/)!4%)!05(!)(1+/,-()!%4!05(!(N2()/1(,0#!Z)/,0!%30!+!.%29!
%4!9%3)! 0(12()+03)(A0/1(!:)+25! 0%! /,.73-(! /,!9%3)!U.0/*/09!c3/-(!
+,-!7+&(7!05(!2%)0/%,'!65(,!05(!'(,'%)!/'!/,!05(!6+0()!+,-!65(,!/0!
/'!/,!05(!+/)#!

!

!
1FGHIJ%&8BK!$(12()+03)(!
'(,'%)!4%)!3'(!6/05!.%1230()!
&+'(-!7+&%)+0%)9!'9'0(1'#!
VT%3)0('9!d(),/()!O%406+)(!
+,-!$(.5,%7%:9W!

Instead, add a page to your pdf, and take a picture of your graph.
Then you can write on it to “label the portions…”
























































































































paulmr



!
&8\! % (:,/0-)$#0"2%#"%,'<2#&2!
!

.W! F'! 05(! &(5+*/%)! %4! 05(! 0(12()+03)(! '(,'%)! '/1/7+)! 0%! 05+0! %4! 05(!
'0+,-+)-!05()1%1(0()G!EN27+/,!&)/(479!

-W! Q('.)/&(! 5%6! 05(! :)+25! 7%%D'!65(,! 05(! 0(12()+03)(! /'! .5+,:/,:!
)+2/-79!.%12+)(-!0%!65(,!/0!/'!.5+,:/,:!1%)(!'7%679#!

!

F0!'5%37-!&(!4+/)79!%&*/%3'!4)%1!05(!2)(*/%3'!+.0/*/09!05+0!05()1+7!(M3/7/&)/31!/'!)(+.5(-!
13.5!1%)(!M3/.D79!65(,!05(!0(12()+03)(!'(,'%)!/'!/,!6+0()!.%12+)(-!0%!65(,!/0!/'!/,!+/)#!
F0! '5%37-!+7'%!&(!2)(009!.7(+)! 05+0! 05(!(7(.0)%,/.! 0(12()+03)(! '(,'%)!&(5+*('!*()9!13.5!
7/D(!+!'0+,-+)-!05()1%1(0()#!!

2WWJKHWX$RV$IPL$.LOQLKHIJKL$1LTNRK$

$5(!4+.0!05+0!+,!(7(.0)%,/.!0(12()+03)(!'(,'%)!&(5+*('!13.5!7/D(!+!'0+,-+)-!05()1%1(0()!
-%('!,%0!1(+,!05+0!/0!'5%37-!&(!0)3'0(-!6/05%30!+!'(.%,-!05%3:50#!U'!6(!'+6!/,!U.0/*/09!
"#"#">!(*(,!+!'0+,-+)-!05()1%1(0()!6/77!:/*(!+,!/,+..3)+0(!)(+-/,:!/4!/0!/'!,%0!/,!05()1+7!
(M3/7/&)/31!6/05! 05(!%&<(.0!65%'(! 0(12()+03)(!9%3!+)(! 0)9/,:! 0%!1(+'3)(#!R3)05()1%)(>!
05()(!/'!'%1(!/,5()(,0!/12)(./'/%,!65(,!1+D/,:!HTX!1(+'3)(1(,0!V,%0!<3'0!0(12()+03)(W#!
F,! 05(! ,(N0! +.0/*/09>! 6(! 6/77! 7%%D! 1%)(! .7%'(79! +0! 5%6! 2)(./'(79! 6(! .+,! 1(+'3)(!
0(12()+03)(!6/05!%3)!0(12()+03)(!'(,'%)'#!

)LMFRFMS%9797B!@TVM%$JU[JIVMHIJ%FP%FM]%

+W! $+D(!+!.32!%4!.%%7!6+0()!+,-!27+.(! 05(! 0(12()+03)(!'(,'%)! /,! 05(!
6+0()#!U40()!+&%30!;b!'(.%,-'>!'0+)0!05(!'%406+)(!65/7(!.%,0/,3/,:!
0%!5%7-!05(!0(12()+03)(!'(,'%)!/,!05(!6+0()#!O0%2!05(!'%406+)(!+40()!
;b!'(.%,-'!+,-!.%11(,0!%,!05(!0(12()+03)(A0/1(!:)+25#!


























































































































!
'()$*%$(+,(-)$!-(*%)".%&/0!.%10-+)$#0"! % &8C!

&W! S%6>!)('.+7(!9%3)!0(12()+03)(!:)+25!'%!05+0!05(!0(12()+03)(!)+,:(!
/'! +&%30! "eT#! R%)! (N+127(>! /4! 9%3! 1(+'3)(-! +! 0(12()+03)(! %4!
8;#feT>!0)9!'.+7/,:!05(!:)+25!0%!:%!4)%1!8;#?eT!0%!8=#?eTe#!$5(,!
0)9! '.+7/,:! /0! 0%! +,! (*(,! '1+77()! )+,:()! '+9! b#?eT! %)! b#8eT#!
T%11(,0!%,!65+0!9%3!%&'()*(#!

.W! X+'(-! %,! 9%3)! %&'()*+0/%,'! /,! 2+)0! &W>! 5%6!13.5! .+,! 9%3! 0)3'0!
9%3)! 0(12()+03)(! )(+-/,:G! F'! /0! 2)(./'(! 0%!6/05/,! "eTG!$%!6/05/,!
b#?eTG!$%!6/05/,!b#"eTG!EN27+/,!9%3)!)(+'%,/,:#!

!

U'! -(1%,'0)+0(-! /,! 05(! 2)(*/%3'! +.0/*/09>! 9%3)! 0(12()+03)(! 1(+'3)(1(,0'! 6/77! ,%0! &(!
2()4(.079!+..3)+0(#!$5()(!6/77!&(!'%1(!V6(!5%2(!'1+77W!+1%3,0!%4!3,.()0+/,09!+''%./+0(-!
6/05!+,9!1(+'3)(1(,0!2)%.(''!+,-!/0!/'!6/'(!0%!+76+9'!D((2!05/'!/,!1/,-#!g,%6/,:!5%6!
13.5!3,.()0+/,09! /'! /,5()(,0! /,! 9%3)!1(+'3)(1(,0'!6/77! 5(72! 9%3!-(0()1/,(!65(,! 06%!
1(+'3)(1(,0'!+)(!05(!'+1(#!R%)!(N+127(>!/4!9%3)!0(12()+03)(!'(,'%)!/'!2)(./'(!0%!6/05/,!
b#?eT>! +,-! 9%3! 1(+'3)(! 05(! 0(12()+03)(! %4! 06%! .32'! %4! 6+0()! 0%! &(! $"h88#;eT! +,-!
$8h8;#BeT>!9%3!.+,!&(!2)(009!'3)(!05+0!05('(!0(12()+03)('!+)(>!/,!4+.0>!-/44()(,0#!F4>!%,!05(!
%05()!5+,->!9%3!1(+'3)(!05('(!0(12()+03)('!0%!&(>!$"h88#;eT!+,-!$8h88#feT>!9%3!.+,,%0!
D,%6! 4%)! '3)(!65(05()! %)! ,%0! 05('(! 06%! 0(12()+03)('! +)(! -/44()(,0! &(.+3'(! 05(9! .%37-!
(+.5!&(!6)%,:!&9!+'!13.5!+'!b#?eT#!

a%'0!(7(.0)%,/.!0(12()+03)(!'(,'%)'!+)(!2)(./'(!0%!6/05/,!b#?eT!+,-!1+,9!+)(!2)(./'(!0%!
6/05/,! b#"eT! V%)! (*(,! &(00()W#! F,! 05/'! 3,/0>! 6(! 6/77! ,%0! &(! /,0()('0(-! /,! 1(+'3)/,:!
0(12()+03)(!-/44()(,.('!05+0!+)(!'1+77()!05+,!"eT#!

97?! +#:#";%@)$(-%

$5(!,(N0!06%!+.0/*/0/('!.%,'0/030(!+!:+1(#!$5(!%&<(.0!%4!05(!:+1(!/'!0%!&(!+&7(!0%!2)(-/.0!
05(! 4/,+7! 0(12()+03)(! 65(,! 06%! .32'! %4! 6+0()! V/,/0/+779! +0! -/44()(,0! 0(12()+03)('W! +)(!
1/N(-! 0%:(05()#!U'! 9%3!1/:50! :3(''>! 05/'! /'! 4+/)79! (+'9! /4! 05(! 06%! .32'! 5+*(! 05(! '+1(!
+1%3,0!%4!6+0()>!&30!/0!/'!,%0!'%!(+'9!65(,!05(9!-%,L0#!X(4%)(!&(:/,,/,:!+,!(N2()/1(,0!/0!
/'!3'(437!0%!1+D(!+!2)(-/.0/%,!+&%30!65+0!9%3!(N2(.0!0%!'((#!F0!/'!/12%)0+,0!0%!1+D(!05(!
2)(-/.0/%,!+'!'2(./4/.!+'!2%''/&7(#!R%)!(N+127(>! /,! 05(!,(N0!+.0/*/09!9%3!6/77!2)(-/.0! 05(!
4/,+7!0(12()+03)(!05+0!)('370'!4)%1!1/N/,:!0%:(05()!+!.32!%4!5%0!6+0()!+,-!+!.32!%4!.%7-!
6+0()#!P%3!1/:50! 2)(-/.0! 05+0! 05(! 4/,+7! 0(12()+03)(!6/77! &(! '%1(65()(! /,! &(06((,! 05(!




















Right-click and choose 
"autoscale" or zoom in / out

paulmr
On your graph:

paulmr
Include a picture of your
zoomed-in graph.

paulmr


