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SP211 Lab Exercise #1:  One Dimensional Kinematics  

 

Part I.  Pre-Lab Homework Problem 

 

A.  Consider the following situation:    

      At time t = 0, you are at rest at x = 1.0 m.  

      At t = 1.0 s, you begin walking away from origin with constant speed 1.0  

m/s.  

      At t = 3.0 s, you stop.    

      At t = 6.0 s, you begin walking toward origin with constant speed 0.5 m/s  

      At t = 8.0 s, you stop, and  

      At t = 9.0 s, the experiment ends.  

 

Sketch graphs of x vs t, of v vs t, and of a vs t for this situation, for 0 < t  < 10 s.    

To facilitate comparison, please use the same time scale for all three graphs, and align the 

vertical axes.    

 

B.  At t = 0 in this situation, a dynamics cart is at rest at position x = 0.25 m.  At time t = 

1.0 s, the cart begins to accelerate with constant acceleration 0.1 m/s2.   The cart is 

stopped abruptly at t = 6 s.    

 

Sketch graphs of a vs t, of v vs t, and of x vs t for this situation, for 0 < t < 8.    

As in part (A) above, please use the same time scale for all three graphs, and align the 

vertical axes.    
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%

W7 c%'*.,%'<&*"%#)(5*#,0#*-%'*,0?5*T*D$0A,.*%"*-%'$*.($55"R*+%.)#)%">*a5<%()#->*0"&*
Y%$(57**9)"(5*;5*0$5*"%#*D%)"D*#%*15*'.)"D*#,5*:%$(5*.5".%$*#,5*$5.#*%:*#,).*<01*
&).(%""5(#*#,5*.5".%$*0#*#,).*#)65*1-*$56%?)"D*#,5*A<'D*:$%6*KSMT7*

07 Q,5"*$)D,#*(<)(=*%"*#,5*:%$(5*D$0A,*0"&*.5<5(#*&5<5#57*

17 8.*-%'*(0"*.55*-%'*(0"*&5<5#5*D$0A,.*#,0#*-%'*&%*"%#*&5.)$57*
%
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%

[7 _%;*;5*;0"#*#%*?5$):-*#,0#*;5*'"&5$.#0"&*0<<*#,5*A$%(5..5.*&).('..5&*01%?57*9%*
D%*'A*#%*#,5*<5:#*,0"&*A%$#)%"*%:*#,5*.($55"*0"&*.5<5(#*XY)<5Z*#,5"*.<)&5*&%;"*0"&*
.5<5(#*X_5;7Z**3H*_HQ*98aP*0"-#,)"D7*

07 8&&*#,5*6%#)%"*.5".%$*0.*A$5?)%'.<-*&).('..5&*)"*.5(#)%"*U7**K<%.5*#,5*X9,%;*
8<<*!"#5$:0(5.Z*.($55"*1-*(<)(=)"D*%"*#,5*Xd5&*gZ7*

17 H"5*.,%$#*('#*#%*D5#*#%*#,5*X9,%;*0<<*!"#5$:0(5.Z*.($55"*).*#%*(<)(=*%"*#,5*)(%"*%:*
#,5*/01+$%*01%?5*#,5*X/0#5.#*30#0Z*(%<'6".7*

(7 9%*#,0#*;5*(0"*<50$"*,%;*#%*)".#0<<*0&&)#)%"0<*D$0A,.>*60"'0<<-*&5<5#5*#,5*
?5<%()#-*D$0A,*1-*$)D,#*(<)(=)"D*%"*)#*0"&*.5<5(#)"D*&5<5#57*

]7 !".5$#)"D*8&&)#)%"0<*N$0A,.R*

07 Q%*0&&*0&&)#)%"0<*D$0A,.*(<)(=*%"*X!".5$#Z*)"*#,5*'AA5$*<5:#*%:*#,5*.($55"7**9<)&5*
&%;"*#%*XN$0A,Z*0"&*.5<5(#7*

17 Q,5*D$0A,*#,0#*0AA50$.*%"*#,5*.($55"*).*0"*0((5<5$0#)%"*D$0A,>*1'#*;5*;0"#*0*
?5<%()#-*D$0A,7*Q%*(,0"D5*#,5*#-A5*%:*D$0A,>*A<0(5*-%'$*('$.%$*%?5$*#,5*;%$&*
8((5<5$0#)%"*0"&*#,5"*<5:#*(<)(=7*95<5(#*#,5*#-A5*%:*D$0A,*-%'*;0"#7*!"*#,).*(0.5*
;5*;0"#*0*a5<%()#-*D$0A,7*Q%*0$$0"D5*#,5*D$0A,.*")(5<->*D%*'A*#%*X+0D5Z*"50$*
#,5*#%A*6)&&<5*%:*#,5*.($55"7**95<5(#*X+0D5Z*#,5"*.<)&5*&%;"*0"&*.5<5(#*X8'#%*
8$$0"D57Z*

^7 9%65#)65.>*-%'$*)".#$'(#%$*6)D,#*(,%%.5*#%*'.5*A$5M<%0&5&*#56A<0#5.*)"*;,)(,*0<<*
#,5*.5#'A*;%$=*).*0<$50&-*(%6A<5#5&*.%*#,0#*.#'&5"#.*(0"*J'6A*$)D,#*)"*#%*#0=)"D*
&0#07***

%

H'%)+(*-12*$?%<:%:&1-%)+(*-12*&-I%?&@+3&"?%*/$%*$6.3"*$(%'-&6%*/$%HJKL(%BC79%C&'*@"-$%E&@+3&"?L(%."#$%

@/$-$%:&1%?&@+3&"?$?%*/$%4&##$-!-&%.-&#-"6A%!3"2$%*/$6%)+%"%'&3?$-%3"<$3$?%0H#!!+I8D1+&+%:&1-%

?$(M*&.A%

JK().1<'.+L/MI+<1+8+4<5)+(-8(+38.+D)+A'2D5)+35<37)A+'.+('+'C).+I'::)9H9'+8.A+(-)+()=C58()+8(+(-)+18=)+(<=)>+

JK().1<'.+N/MI+<1+8+4<5)+4'9=8(+(-8(+38.+'.56+D)+'C).)A+49'=+(-)+I'::)9H9'+C9':98=>+%

&'()*++,-).+21<.:+I'::)9H9';+C5)81)+A'+.'(+18O)+'O)9+8.6+'4+(-)+C9)C9':98==)A+)KC)9<=).(+4<5)1>+B4+<(+@'25A+D)+21)425+('+18O)+(-)+

A8(8;+3-''1)+(-)+0PQJ+P0+'C(<'.+2.A)9+(-)+R<5)+=).2+8.A+18O)+(-)+A8(8+2.A)9+8+.)@+4<5)+.8=)>+SR'9+)K8=C5);+21)+6'29+581(+.8=)+

8.A+(-)+A8()>T+,-).+35'1<.:+)KC)9<=).(+4<5)1;+6'2+@<55+D)+817)A+<4+6'2+@'25A+5<7)+('+18O)+(-)+3-8.:)1+('+(-)+4<5)>+P5@861+35<37+'.+&U>++

+

+

+
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!"#$%V%&'%!"%
%

K7 d5('$$)"D*.#5A.R*
B()+#%4&##$-%!-&%*&%.-&#-"6%*/$%4"<!-&8%%N+&@%"(%*/$%OP/-$$%C*$.(Q%

%%%%%%%%%%!%%DR.$-)6$+*%5S%C$*%B.%C$+(&-(%5S%C/&@%"33%H+*$-'"2$(8%%T"M$%(1-$%"33%*/$%-)#/*%($+(&-(%

(/&@%1.%)+%"33%*/$%-)#/*%/&3$(A%

%%%%%%%%%%!%%DR.$-)6$+*%5S%E"*"%K&33$2*)&+8%%C$*%*/$%3$+#*/%&'%*)6$%?"*"%)(%*&%<$%*"M$+%"+?%*/$%-"*$%

"*%@/)2/%?"*"%)(%*&%<$%*"M$+A%

%%%%%%%%%%!%%U)3$%5S%C$**)+#(%'&-AAA8%%K/$2M%*/$%2/$2M<&R%*&%C/&@%V$-&%&+%P&&3<"-I%"+?%6"M$%(1-$%

+16<$-%&'%.&)+*(%'&-%E$-)>"*)>$%"+?%C6&&*/)+#%"-$%<&*/%WA%

37 8.=*-%'$*)".#$'(#%$*;,)(,*5@A5$)65"#.*,5*%$*.,5*;%'<&*<)=5*-%'*#%*
(%"&'(#*#%&0-*0"&*#,5"*A$%(55&*#%*#,%.5*0AA<)(01<5*.#5A.*0.*
0AA$%A$)0#57*

%

P7 P@A5$)65"#*2R**b0<=)"D*Q%*0"&*Y$%R**+%.)#)%"*0"&*a5<%()#-*

27 Y%<<%;*#,5*Q,$55*9#5A.*)"*/%DD5$*+$%*#%*A$%D$06*#,5*/01+$%*#%*#0=5*&0#0*:%$*
A%.)#)%"*0"&*?5<%()#-*0.*:'"(#)%".*%:*#)65*0AA$%A$)0#5<-*:%$*#,).*5@A5$)65"#7*

&'()*+?-)+/0+@<55+A)()3(+8.6(-<.:+<.+<(1+98.:)>+B(+<1+<=C'9(8.(+('+7))C+(-)+C8(-+('+(-)+'DE)3(+'4+
<.()9)1(+35)89;+<>)>;+7))C+D''71;+'(-)9+C)'C5);+)(3+'2(+'4+(-)+C8(-+'4+(-)+D)8=+'4+(-)+/0>%%

L7 Q0=5*&0#0*:%$*#,5*A%.)#)%"*%:*-%'$*%;"*1%&-*0.*-%'R*

07 +<0(5*#,5*`9*%"*#,5*5&D5*%:*#,5*<01*#01<5*0"&*.5#*#,5*.5<5(#%$*.;)#(,*#%*9#0"&0$&*G#,5*
;)&5*1506I7**+%)"#*#,5*`9*)"#%*0"*0).<5*%$*.%65*0$50*#,0#*;)<<*D)?5*-%'*%$*-%'$*<01*
A0$#"5$*$%%6*#%*;0<=7***

17 Q,5*A5$.%"*15)"D*#,5*5@A5$)65"#*;)<<*.#0"&*01%'#*2L*)"(,5.*:$%6*#,5*&5#5(#%$*0"&*
;,5"*#%<&*1-*#,5*&0#0*(%<<5(#%$*G0:#5$*#,5*&0#0*(%<<5(#%$*(<)(=.*%"*#,5*D$55"*XK%<<5(#Z*
1'##%"*"50$*#,5*#%A*6)&&<5*%:*#,5*A0D5I*.,5F,5*;)<<*;0<=*0;0-*:$%6*#,5*&5#5(#%$*0"&*
10(=*#%;0$&*#,5*&5#5(#%$7**Q$-*:%$*#%&0-f.*<01*#%*;0<=*0#*0*.#50&-*A0(57**

*********** (7**9#0"&*6%#)%"<5..<-*:%$*0*.5(%"&*%$*#;%>*#,5"*

*******&7**b0<=*.<%;<-*0;0-*:$%6*#,5*`%#)%"*35#5(#%$*0#*0*.#50&-*.A55&>*#,5"*

*******57**9#0"&*6%#)%"<5..*:%$*0*.5(%"&*%$*#;%>*#,5"*

* :7**b0<=*$0A)&<-*#%;0$&*#,5*`3*0#*0*.#50&-*.A55&>*0"&*#,5"*

*******D7**Y)"0<<-*.#0"&*6%#)%"<5..<-*:%$*0*.5(%"&*%$*#;%7*

!:*-%'*0$5*"%#*.0#).:)5&*;)#,*-%'$*D$0A,*-%'*6)D,#*(,%%.5*#%*#0=5*0*:5;*A$0(#)(5*#$)5.7*
%
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!"#$%W%&'%!"%
%

T7 9(0<)"D*0*A<%#R*

07 Q,5$5*0$5*#;%*;0-.*#%*.(0<5*0*A<%#>*0'#%60#)(0<<-*0"&*60"'0<<-7**

17 Q%*.(0<5*0'#%60#)(0<<->*$)D,#*(<)(=*%"*#,5*0@).*%:*-%'$*(,%)(5*0"&*#,5"*.<)&5*
&%;"*#%*X8'#%.(0<5>Z*-%'*;)<<*15*D)?5"*#,5*(,%)(5*%:*X8'#%.(0<5Z*%$*X8'#%.(0<5*
Y$%6*e7Z**8'#%.(0<5*:$%6*B5$%*).*:$5E'5"#<-*#,5*(%$$5(#*(,%)(5>*1'#*(<50$<-*"%#*
0<;0-.O*;,)(,*-%'*(,%%.5*&5A5"&.*%"*#,5*5@A5$)65"#*-%'*0$5*(%"&'(#)"D*%$*
#,5*650")"D*-%'*0$5*#$-)"D*#%*(%66'")(0#5*#%*-%'$*$50&5$7**Q$-*50(,*0"&*.55*
#,5)$*5::5(#*%"*-%'$*D$0A,7*

(7 Q%*.(0<5*X`0"'0<<->Z*$)D,#*(<)(=*%"*0"*0@).*0"&*.5<5(#*XN$0A,*HA#)%".Z*#,5"*
.5<5(#*#,5*X8@5.*HA#)%".Z*#017**`0=5*(,0"D5.*#%*)#56.*%"*#,).*#01*0"&*.55*#,5)$*
0::5(#.*#%%7*

&7 !"#$%#$&'()"*+"#"(#,*-.,#"/.#0)*'/#1$"/#"/.#$+2()&*"$(+#"/*"#$"#).').%.+"%3*Q,5*
15.#*;0-*#%*<015<*#,5*D$0A,*).*#%*6%&):-*)#.*#)#<57*Q,).*(0"*15*&%"5*60"-*
&)::5$5"#*;0-.>*1'#*#,5*50.)5.#*).*#%*$)D,#*(<)(=*%"*#,5*D$0A,>*0"&*.5<5(#*XN$0A,*
HA#)%".Z*#,5"*.5<5(#*#,5*XN$0A,*HA#)%".Z*#017*c%'*;)<<*50.)<-*:)"&*#,5*#)#<5*0$507*
Q)#<5*-%'$*D$0A,*0AA$%A$)0#5<-7*

T7 !"*#,5*+%.)#)%"*?.*Q)65*D$0A,>*:)"&*#,5*0?5$0D5*?5<%()#-*:%$*50(,*%:*#,5*#)65*
A5$)%&.*0*M*5*01%?57**\.5*8"0<-B5*Mh*/)"50$*Y)#*#%*&%*#,).7***

U7 !"*#,5*a5<%()#-*?.*Q)65*D$0A,>*:)"&*#,5*0?5$0D5*?5<%()#-*)"*50(,*%:*#,5*.065*
$5D)%".7**\.5*8"0<-B5*Mh*9#0#).#)(.7*

V7 8""%#0#5>*A$)"#>*0"&>*)"*0*.,%$#*A0$0D$0A,>*(%6A0$5*#,5*#;%*&)::5$5"#*65#,%&.*%:*
650.'$)"D*#,5*0?5$0D5*?5<%()#-*)"*#,).*5@A5$)65"#7**3%*#,5-*0D$55i**P@A<0)"7***

%

Y7 *P@A5$)65"#*L7**b0<=)"D*Q%*0"&*Y$%R**a5<%()#-*0"&*8((5<5$0#)%"*

27 \.5*#,5*.065*&0#0*:$%6*P@A5$)65"#*2>*01%?57**K<%.5*0<<*#,5*9#0#).#)(.*0"&*/)"50$*Y)#*1%@5.7**
K,0"D5*#,5*?5$#)(0<*0@5.*:$%6*+%.)#)%"*0"&*a5<%()#-*#%*a5<%()#-*0"&*8((5<5$0#)%"7*

L7 *!"*#,5*a5<%()#-*?.*Q)65*D$0A,>*:)"&*#,5*0?5$0D5*0((5<5$0#)%"*:%$*50(,*%:*#,5*:)?5*#)65*
A5$)%&.*)"*+0$#.*C7L7(*M*D7**\.5*8"0<-B5*Mh*/)"50$*Y)#7*

T7 !"*#,5*8((5<5$0#)%"*?.*Q)65*D$0A,>*:)"&*#,5*0?5$0D5*0((5<5$0#)%"*)"*50(,*%:*#,5*.065*
$5D)%".7**\.5*8"0<-B5*Mh*9#0#).#)(.7*

U7 8""%#0#5>*A$)"#>*0"&>*)"*0*.,%$#*A0$0D$0A,>*(%6A0$5*#,5*#;%*&)::5$5"#*65#,%&.*%:*
650.'$)"D*#,5*0?5$0D5*0((5<5$0#)%"*)"*#,).*5@A5$)65"#7*3%*#,5-*0D$55i**P@A<0)"7***

V7 b,5"*&%*;5*'.5*j/)"50$*Y)#j*#%*:)"&*#,5*0?5$0D5*%:*0"*%1.5$?01<5>*0"&*;,5"*&%*;5*'.5*
j9#0#).#)(.ij***

%
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!"#$%!X%&'%!"%
%

N7 P@A5$)65"#*T7**\"):%$6<-*8((5<5$0#5&*`%#)%"**

27 d0).5*%"5*5"&*%:*#,5*#$0(=*.%*#,0#*-%'*,0?5*0*$06A7**`0=5*.'$5*-%'*,0?5*/%DD5$*
+$%*.5#*#%*.,%;*D$0A,.*:%$*#,5*A%.)#)%">*?5<%()#-*0"&*0((5<5$0#)%"*%:*#,5*(0$#7***

L7 S%<&*#,5*(0$#*.#)<<7**9#0$#*#0=)"D*&0#07**b0)#*0*.5(%"&O*#,5"*<0'"(,*#,5*(0$#*'A*#,5*
$06A*0.*-%'$*)".#$'(#%$*&56%".#$0#5.7**Q0=5*&0#0*;,)<5*#,5*$06A*.#0$#.*'A*#,5*
$06A>*.<%;.*#%*0*.#%A>*#,0"*0((5<5$0#5.*10(=*&%;"*#,5*$06A7**C5*(0$5:'<k**Q,5.5*
(0$#.*(%.#*l]ekk*

T7 In the Position vs Time graph, use Analyze -> Curve Fit to fit a quadratic to your data, 
and find the cart's average acceleration.*

U7 !"*#,5*a5<%()#-*?.*Q)65*D$0A,>*'.5*8"0<-B5*Mh*777*;,)(,*%"5*.,%'<&*)#*15i*777*#%*:)"&*
#,5*(0$#m.*0?5$0D5*0((5<5$0#)%"7*

V7 !"*#,5*8((5<5$0#)%"*?.*Q)65*D$0A,>*'.5*777*;,)(,*%"5iiii*777*#%*:)"&*#,5*(0$#m.*0?5$0D5*
0((5<5$0#)%"7*

W7 8""%#0#5>*A$)"#>*0"&>*)"*0*.,%$#*A0$0D$0A,>*(%6A0$5*#,5*#,$55*65#,%&.*%:*:)"&)"D*
0?5$0D5*0((5<5$0#)%"*)"*#,).*5@A5$)65"#7*3%*#,5-*0D$55i**P@A<0)"7***

S7 P@A5$)65"#*U7**+%.)#)%">*?5<%()#->*0"&*0((5<5$0#)%"*:%$*0*C%'"()"D*C0<<*

27 P)#,5$*-%'*%$*-%'$*<01*A0$#"5$*,%<&.*#,5*`9*01%'#*(,5.#*,5)D,#*0"&*5".'$5*#%*.5#*
#,5*.5<5(#%$*.;)#(,*#%*9#0"&0$&*G#,5*;)&5*1506I7**+%)"#*#,5*`9*&%;"*#%;0$&*#,5*
D$%'"&7***

L7 b)#,*-%'$*%#,5$*,0"&>*0:#5$*-%'*(%%$&)"0#5*;)#,*-%'$*<01*A0$#"5$*#%*.#0$#*
(%<<5(#)"D*&0#0*)"*/%DD5$M+$%*G/01*A0$#"5$*A$5..5.*(%<<5(#*0"&*D)?5.*-%'*#,5*D%*
.)D"0<I>*$5<50.5*#,5*$'115$*10<<*0"&*0<<%;*)#*#%*D5"#<-*:0<<*#%*#,5*D$%'"&7*Q$-*#%*
60)"#0)"*#,5*6%#)%"*.5".%$*%?5$*#,5*10<<>*1'#*-%'*3H*_HQ*,0?5*#%*#$0(=*#,5*10<<*)"*
#,5*'A*0"&*&%;"*&)$5(#)%">*%"<-*):*#,5*10<<*6%?5.*<5:#*%$*$)D,#7*

T7 In the Position vs Time graph, use Analyze -> Curve Fit to fit a quadratic to your data, 
and find the ball's average acceleration. Remember your position graph will have 
opposite coordinates than the graph on the first page of this procedure due to how you 
are holding the motion sensor.*

U7 !"*#,5*a5<%()#-*?.*Q)65*D$0A,>*'.5*8"0<-B5*Mh*777*;,)(,*%"5*.,%'<&*)#*15i*777*#%*:)"&*
#,5*10<<.m.*0?5$0D5*0((5<5$0#)%"7*

V7 !"*#,5*8((5<5$0#)%"*?.*Q)65*D$0A,>*'.5*777*;,)(,*%"5iiii*777*#%*:)"&*#,5*10<<m.*0?5$0D5*
0((5<5$0#)%"7*

W7 8""%#0#5>*A$)"#>*0"&>*)"*0*.,%$#*A0$0D$0A,>*(%6A0$5*#,5*#,$55*65#,%&.*%:*:)"&)"D*
0?5$0D5*0((5<5$0#)%"*)"*#,).*5@A5$)65"#7*3%*#,5-*0D$55i**P@A<0)"7***

%



SP211 Lab: One !  Introduction to Lab and 1D Kinematics 
Version: August 15, 2013 

!"#$%!!%&'%!"%
%

U7 +$)"#)"D*0*A<%#R*

07 Y%<<%;*#,5*)".#$'(#)%".*%"*#,5*A$)"#5$*)".#$'(#)%".*,0"&%'#*#%*60A*#,5*A$)"#5$*
:%$*#,5*<01*$%%67**

17 !:*-%'*$5(5)?5*0"-*5$$%$.>*)665&)0#5<-*"%#):-*-%'$*)".#$'(#%$*.%*
#,0#*#,5-*60-*15*$5.%<?5&7*

(7 !:*"%*5$$%$.>*#,5"*A$)"#*-%'$*D$0A,*#%*5".'$5*#,0#*-%'*;)<<*15*01<5*#%*A$)"#*:%$*
:'#'$5*<01.7*90?5*-%'$*D$0A,*0.*)#*6)D,#*15*0*'.5:'<*$5:5$5"(5*;,5"*-%'*
(%"&'(#*/01*2*"5@#*;55=7*

8.=*-%'*)".#$'(#%$*):*.,5F,5*;0"#.*-%'*#%*(%"#)"'5*;)#,*#,5*/8C*%$*A$%(55&*#%*
.5(#)%"*a!!!*G(<50"'AI7*

a!7 GQ)65*+5$6)##)"DI*\"(5$#0)"#-*0"&*d5D$5..)%"*/)"5.*

87 d50&*#,5*S0"&%'#*:$%6*-%'$*)".#$'(#%$*01%'#*'"(5$#0)"#-*0"&*0".;5$*#,5*:%<<%;)"D*
E'5.#)%".R*

27 `50.'$5*#,5*&5.=*'.)"D*0*2L)"(,*$'<5$7**d5(%$&*#,5*650.'$565"#*)"(<'&)"D*
#,5*'"(5$#0)"#-7*

L7 _%;*60=5*#,5*.065*650.'$565"#*'.)"D*0*65#5$*.#)(=7**d5(%$&*#,5*
650.'$565"#*)"(<'&)"D*)#.*'"(5$#0)"#-7**

T7 _%;*&5#5$6)"5*#,5*0$50*%:*#,5*#01<57**d5(%$&*50(,*650.'$565"#*0"&*.,%;*#,5*
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