
Experiment 1  
	
1.  
 

𝑽𝒄𝒖𝒃𝒆 = 	𝒂𝟑 

 

∆𝑽𝒄𝒖𝒃𝒆 = 	
𝜹𝑽𝒄𝒖𝒃𝒆
𝜹𝒙 ∆𝒙 = 𝟑	 ∙ 𝒂𝟐 	 ∙ ∆𝒙 

 

𝑽𝒄𝒚𝒍𝒊𝒏𝒅𝒆𝒓 = 	𝝅
𝒅𝟐

𝟒 𝑳 =			 

 

∆𝑽𝒄𝒚𝒍𝒊𝒏𝒅𝒆𝒓 = 	
𝜹𝑽𝒄𝒚𝒍𝒊𝒏𝒅𝒆𝒓

𝜹𝒅 ∆𝒅 +	
𝜹𝑽𝒄𝒚𝒍𝒊𝒏𝒅𝒆𝒓

𝜹𝑳 ∆𝑳 = 	𝝅
𝒅
𝟐 𝑳∆𝒅 + 	𝝅

𝒅𝟐

𝟒 ∆𝑳		 

 

𝑽𝒘𝒐𝒐𝒅 = 	𝑽𝒄𝒖𝒃𝒆 −	𝑽𝒄𝒚𝒍𝒊𝒏𝒅𝒆𝒓 

 

∆𝑽𝒘𝒐𝒐𝒅 = 	∆𝑽𝒄𝒖𝒃𝒆 +	∆𝑽𝒄𝒚𝒍𝒊𝒏𝒅𝒆𝒓 

 
2.  
 

𝒂 								𝑨𝒄𝒐𝒏𝒆 = 	𝝅𝒓𝒔 + 𝝅𝒓𝟐 

														𝑽𝒄𝒐𝒏𝒆 =
𝟏
𝟑𝝅𝒓

𝟐𝒉 

														𝒉 = 	 𝒔𝟐 −	𝒓𝟐 

 

𝒃 								∆𝑨𝒄𝒐𝒏𝒆 = 𝝅𝒔∆𝒓 + 𝟐𝝅𝒓∆𝒓 + 𝝅𝒓∆𝒔																																																									 

 

														𝚫𝒉 = 	
𝒔

𝒔𝟐 −	𝒓𝟐
𝚫𝒔 −	

𝒓
𝒔𝟐 −	𝒓𝟐

𝚫𝒓 

 

														𝚫𝑽 = 	
𝟏
𝟑𝝅𝒓

𝟐𝚫𝒉 +	
𝟐
𝟑𝝅𝒓𝒉𝚫𝒓 

 



𝒄 								
∆𝑨
𝑨 	 ∙ 𝟏𝟎𝟎% 

 

														
∆𝑽
𝑽 	 ∙ 𝟏𝟎𝟎% 

	

Experiment 2  
	

1. 

𝒂 									 𝑭𝟐 = 	 𝑭𝟐𝒙𝟐 +	𝑭𝟐𝒚𝟐  

 

																𝒎𝟐 = 	
𝑭𝟐 	
𝒈  

 

																𝜽𝟐 = 	 𝐭𝐚𝐧J𝟏
𝑭𝟐𝒚
𝑭𝟐𝒙

	 

 
𝒃 									 𝑭𝟏 = 𝟏𝟔𝟓. 𝟎	𝒈 ∙ 𝒈	 

 

																𝑭𝟏𝒙 = 	 𝑭𝟏 𝒄𝒐𝒔	𝟐𝟑𝟓° 

 

																𝑭𝟏𝒚 = 	 𝑭𝟏 𝒔𝒊𝒏	𝟐𝟑𝟓° 

 

																𝑹𝒙 = 	𝑭𝟏𝒙 +	𝑭𝟐𝒙 

																𝑹𝒚 = 	𝑭𝟏𝒚 +	𝑭𝟐𝒚 

 

																 𝑹𝒆𝒒𝒖Q𝒍Q𝒃𝒓𝒂𝒏𝒕 = 	 𝑹 = 	 𝑹𝒙𝟐 +	𝑹𝒚𝟐 

 

																𝒎𝒆𝒒𝒖𝒊𝒍𝒊𝒃𝒓𝒂𝒏𝒕 = 	
𝑹 	
𝒈  

 

																𝜽𝒆𝒒𝒖𝒊𝒍𝒊𝒃𝒓𝒂𝒏𝒕 = 	 𝐭𝐚𝐧J𝟏
𝑹𝒚
𝑹𝒙

+ 𝟏𝟖𝟎° 



Experiment 3  
	
1.  
 
 

 
 
 

slope = Δa
Δ m2 −m1( )

=
0.800− 0.500( )ms2
20.00− 5.00( )×10−3kg

= 20.0kg ⋅m s2
	

	
a0 = 0.400m s2 	

	
	
	

	
Using	Equation	8	from	the	Lab	Manual,	we	have:	

	

a =
m2 −m1( )

m '+m2 +m1( )
g− r

R
⎛

⎝
⎜

⎞

⎠
⎟

f
m '+m2 +m1( )

	

	



	
	

Hence:	
	

g = slope m1 +m2 +m '( ) = 20.0m s2( ) 225.0+ 225.0+ 5.425[ ]×10−3kg( ) = 9.12m s2 	
	
	
	

f = a0
R
r

⎛

⎝
⎜

⎞

⎠
⎟ mp +m2 +m1( ) = 0.400m s2( ) 3.500×10−2m

1.5875×10−3m
⎛

⎝
⎜

⎞

⎠
⎟ 225.0+ 225.0+ 5.425[ ]×10−3kg( )

∴ f = 4.02N
 

 
 

Experiment 4  
 

1.  

(a) 

𝒂 = 	𝜶𝒓										 ⟹ 										𝜶 = 	
𝒂
𝒓 

 

(b) 

𝒎𝒈− 𝑻 = 𝒎𝒂										 ⟹ 										𝑻 = 𝒎 𝒈 − 	𝒂  

 

𝑻𝒓 = 𝑰𝜶										 ⟹ 										𝑰 = 	
𝑻𝒓
𝜶  

Experiment 5  
	
1.  

𝑎 					𝑇 = 	
𝑡
10 

											𝑇 = 2𝜋
𝐿
𝑔 

 



											𝐿 = 	
𝑇|𝑔
4𝜋|  

 

𝑏 					𝑇 − 𝑚𝑔 = 	
𝑚𝑣|

𝐿 																																													 

 

											𝑇 = 	𝑚𝑔 +	
𝑚𝑣|

𝐿 = 𝑚 𝑔 +	
𝑣|

𝐿  

 

𝑐 					𝑇 = 	
𝑡	
25 

 

											𝑇 = 2𝜋
𝑚
𝑘  

 

											𝑘 = 	
4𝜋|𝑚
𝑇|  

 

𝑑 					𝑇 = 2𝜋
𝐿
𝑔 

period will increase																																																																																									 

𝑒 					𝑇 = 2𝜋
𝑚
𝑘  

period doesn’t depend on 𝑔	so it will stay same.	 

Experiment 6  
	
1.  
 
(a)	Conservation	of	momentum	along	x-axis:	 	

i.)		mcarvcarxi +mvanvvanxi =mcarvcarx f +mvanvvanx f = mcar +mvan( )vx f 	 	 	 	 	

	 	
Conservation	of	momentum	along	y-axis:	 	
ii.)		mcarvcaryi +mvanvvanyi =mcarvcary f +mvanvvany f = mcar +mvan( )vyf 	 	 	 	 	



	
(b)		

We	observe:	

mcarvcarxi = mcar +mvan( )vx f ⇔ vx f =
mcarvcarxi
mcar +mvan( )

	

	

∴vx f =
mcarvcarxi
mcar +mvan( )

=
975kg( ) 18.0ms( )
975kg+1260kg( )

= 7.85m s 	

	
Similarly:	

mvanvvanyi = mcar +mvan( )vyf ⇔ vyf =
mvanvvanyi
mcar +mvan( )

	

	

∴vyf =
mvanvvanyi
mcar +mvan( )

=
1260kg( ) 25.8ms( )
975kg+1260kg( )

=14.5m s 	

	
!vf = v2x f + v

2
y f
=16.5m s 	

	

θ = tan−1
vfy
v fx

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟= 61.6

!

	 
2.		

Conservation	of	momentum	along	x-axis:	 	

	

morangevorangexi +mapplevapplexi =morangevorangex f +mapplevapplex f 	

⇒ mapplevapplex f = 0.143kg( ) 1.14m s( )− 0.132kg( ) 1.25m s( )⎡
⎣

⎤
⎦− 0.143kg( ) 1.03m s( )cos 43.0!( )

⇒ mapplevapplex f = −0.110
kgm

s =

⇒ vapplex f = −0.833
m
s

	

	 	 	 	 	 	 	 	 	 	 	 	

	 Conservation	of	momentum	along	y-axis:	 	

mapplevappleyi +morangevorangeyi =mapplevappley f +morangevorangey f 	 	 	 	 	 	



⇒ mapplevappley f = − 0.143kg( ) 1.03m s( )sin 43.0!( )
⇒ mapplevappley f = −0.100

kgm
s

⇒ vappley f = −0.758
m
s

	

	 	 	 	 	 	 	 	 	 	 	 	 	 	

!vapple f = v2applex f + v
2
appley f

=1.13m s 	 	 	 	 	 	 	 	 	

θapple = tan
−1

vappley f
vapplex f

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟
= 42.3! 	with	respect	to	its	original	direction	of	motion  

 

Experiment 7  
 
1.  
 
𝑾𝒕𝒐𝒕𝒂𝒍 = 	𝑾𝒃𝒐𝒚 = 𝑭𝒅𝒄𝒐𝒔𝜽 

𝑾𝒕𝒐𝒕𝒂𝒍 = 	∆𝑲 = 	
𝟏
𝟐𝒎𝒗𝒇

𝟐 −		
𝟏
𝟐𝒎𝒗𝒊

𝟐																																																							 

𝟏
𝟐𝒎𝒗𝒇

𝟐 = 	𝑾𝒕𝒐𝒕𝒂𝒍 +	
𝟏
𝟐𝒎𝒗𝒊

𝟐 

𝒗𝒇 = 	
𝟐𝑾𝒕𝒐𝒕𝒂𝒍

𝒎 +	𝒗𝒊𝟐																																											 

 
2.  
 

𝑊� =	−𝑓𝑑 = 	−𝜇𝑚�𝑔𝑐𝑜𝑠𝜃𝑑 

 

∆𝑈 = 	𝑚�𝑔𝑠𝑖𝑛𝜃𝑑 −𝑚�𝑔𝑑 

 

𝑊� =	∆𝑈 +	∆𝐾																																																																																																 

∆𝐾 = 	𝑊� −	∆𝑈 

∆𝐾 = 	
1
2 	𝑚� + 𝑚� 𝑣�| −	𝑣¡| , 𝑣¡ = 0,	 



𝑣� = 	
2∆𝐾

	𝑚� +𝑚�
 

 

∆𝐾� = 	
1
2𝑚�𝑣�| 

 
	

Experiment 8  
	
1.  
 

𝒎𝒗𝒊 = 𝑴+𝒎 𝒗𝒇 

 

𝒗𝒊 =
𝑴+𝒎 𝒗𝒇

𝒎 																													 

𝒗𝒊 =
𝑴+𝒎 𝒗𝒇

𝒎  

 

∆ 𝑲𝑬
𝑲𝑬𝒊

= 	−	
𝑴

𝒎+𝑴 					 

 
 
2. 

𝒂 					𝒎𝟏𝒗𝟏 +	𝒎𝟐𝒗𝟐 = 𝒎𝟏 +	𝒎𝟐 	𝒗𝒇 

 

											𝒎𝟏𝒗𝟏 −	𝒎𝟐𝒗𝟐 = 𝒎𝟏 +	𝒎𝟐 	𝒗𝒇																																 

 

											
𝒎𝟏𝒗𝟏 −	𝒎𝟐𝒗𝟐
𝒎𝟏 +	𝒎𝟐 	

= 𝒗𝒇																																								 

 

negative sign indicates that final velocity vector is in same direction as the initial velocity of 

line-backer. 

𝒃 					𝑲𝑬𝒊 = 	
𝟏
𝟐𝒎𝟏𝒗𝟏𝟐 +	

𝟏
𝟐𝒎𝟐𝒗𝟐𝟐															 



 

 

											𝑲𝑬𝒇 = 	
𝟏
𝟐 𝒎𝟏 +	𝒎𝟐 	𝒗𝒇𝟐																										 

 
	

Experiment 9 
	
1.  
 

𝒎𝟏𝒂 = 	𝒎𝟏𝒈 − 𝑻																																																					(𝟏)		 

 

𝒎𝟐𝒂 = 	𝑻 −	𝒎𝟐𝒈𝒔𝒊𝒏𝜽 − 𝒇																																			(𝟐)		 

 

𝑵 =	𝒎𝟐𝒈𝒄𝒐𝒔𝜽																																																									(𝟑)		 

 

𝒇 = 	𝝁𝑵																																																																						(𝟒)		 

 

𝒎𝟐𝒂 = 	𝑻 −	𝒎𝟐𝒈𝒔𝒊𝒏𝜽 − 𝝁𝒎𝟐𝒈𝒄𝒐𝒔𝜽																		(𝟓) 

 

𝟏 + 𝟓 										⟹ 										𝒎𝟏𝒂 +	𝒎𝟐𝒂 = 	𝒎𝟏𝒈 −	𝒎𝟐𝒈𝒔𝒊𝒏𝜽 − 𝝁𝒎𝟐𝒈𝒄𝒐𝒔𝜽 𝒎𝟏 

 

⟹ 										𝒂 +	
𝒎𝟐

𝒎𝟏
𝒂 = 𝒈 −	

𝒎𝟐

𝒎𝟏
𝒈𝒔𝒊𝒏𝜽 −	

𝒎𝟐

𝒎𝟏
𝝁𝒈𝒄𝒐𝒔𝜽		 

 

⟹										
𝒎𝟐

𝒎𝟏
𝒂 + 	𝒈𝒔𝒊𝒏𝜽 + 	𝝁𝒈𝒄𝒐𝒔𝜽 = 𝒈 − 	𝒂			 

 

⟹										
𝒎𝟐

𝒎𝟏
=

𝒈 − 	𝒂
𝒂 + 𝒈	 𝒔𝒊𝒏𝜽 + 𝝁𝒄𝒐𝒔𝜽 						 

 
 
 
 
 



2.  
 

 
𝒎𝒂 = 	𝒎𝒈 − 𝑻																																																									 𝟏 																														 

𝑴𝒂 = 	𝑻 − 	𝑴𝒈𝒔𝒊𝒏𝜽 − 𝒇																																							(𝟐)			 

 

𝑵 = 	𝑴𝒈𝒄𝒐𝒔𝜽																																																											(𝟑)		 

 

𝒇 = 	𝝁𝑵																																																																						(𝟒) 

 

𝑴𝒂 = 	𝑻 − 	𝑴𝒈𝒔𝒊𝒏𝜽 − 𝝁𝑴𝒈𝒄𝒐𝒔𝜽																							(𝟓) 

 

𝟏 + 𝟓 										⟹ 									𝒂	 𝒎 +𝑴 = 	𝒎𝒈 − 	𝑴𝒈𝒔𝒊𝒏𝜽 − 𝝁𝑴𝒈𝒄𝒐𝒔𝜽		 

 

⟹ 										𝒂 = 	
𝒎𝒈 − 	𝑴𝒈𝒔𝒊𝒏𝜽 − 𝝁𝑴𝒈𝒄𝒐𝒔𝜽

𝒎+𝑴  

 

𝒇𝒓𝒐𝒎	 𝟏 										⟹ 								𝑻 = 𝒎	 𝒈 − 𝒂  

 
	
	
	
	
	
	
	
	
	
	



Experiment 10 
	
	
1.  
 

 
 

𝑭𝒙 = 𝒏𝒔𝒊𝒏𝜷 = 𝒎𝒂𝒄																																					 𝟏 														 

 

𝑭𝒚 = 𝒏𝒄𝒐𝒔𝜷 − 	𝒎𝒈 = 𝟎																													 𝟐 												 

 

𝒇𝒓𝒐𝒎	 𝟐 																				𝒏 = 	
𝒎𝒈
𝒄𝒐𝒔𝜷 

 

𝒃𝒂𝒄𝒌	𝒕𝒐		 𝟏 															
𝒎𝒈
𝒄𝒐𝒔𝜷 𝒔𝒊𝒏𝜷 = 𝒎𝒂𝒄 

 

𝒂𝒄 = 	
𝒗𝟐

𝑹  

 

𝒈𝒕𝒂𝒏𝜷 =
𝒗𝟐

𝑹 																																											 

 

𝒕𝒂𝒏𝜷 =
𝒗𝟐

𝒈𝑹					−→ 	𝜷 = 	 𝒕𝒂𝒏J𝟏
𝒗𝟐

𝒈𝑹  

©	2016	Pearson	Education	Inc. 



 
5.  

 
 

𝑭𝒙 = 𝒇 = 𝒎𝒂𝒄																																																											 

𝑭𝒚 = 𝒏 − 	𝒎𝒈 = 𝟎																																									 

 

𝒂𝒄 = 	
𝒗𝒎𝒂𝒙𝟐

𝑹  

 
𝒇𝒎𝒂𝒙 = 	𝝁𝒔𝒏 = 𝝁𝒔𝒎𝒈	 

 

𝝁𝒔𝒎𝒈 = 	𝒎
𝒗𝒎𝒂𝒙𝟐

𝑹  

 
𝒗𝒎𝒂𝒙 = 	 𝝁𝒔𝒈𝑹																																																													 

 
	
	
	



Experiment 11 
	
 
1.  
	

𝑭𝒏𝒆𝒕 = 𝟎										 − 𝑭𝑨 𝐜𝐨𝐬 𝜽𝑨 +	𝜽𝑪 + 𝑭𝑫 𝐜𝐨𝐬 𝜽𝑫 −	𝜽𝑪 = 𝟎						 
 

																																						𝑭𝑨 𝐬𝐢𝐧 𝜽𝑨 +	𝜽𝑪 + 𝑭𝑫 𝐬𝐢𝐧 𝜽𝑫 −	𝜽𝑪 −𝒎𝒈 = 𝟎								 

 

𝝉𝑨 = 𝟎																		 − 𝒙𝑪𝑴𝒎𝒈𝒔𝒊𝒏 𝟗𝟎° +	𝜽𝑪 + 𝒙𝑫 −	𝒙𝑨 𝑭𝑫 𝐬𝐢𝐧𝜽𝑫

= 𝟎																							 

 
𝝉𝑳 = 𝟎					𝒙𝑨	𝑭𝑨 𝐬𝐢𝐧𝜽𝑨 − 𝒙𝑪𝑴 −	𝒙𝑨 𝒎𝒈𝒔𝒊𝒏 𝟗𝟎° +	𝜽𝑪 + 𝒙𝑫𝑭𝑫 𝐬𝐢𝐧𝜽𝑫

= 𝟎																	 
 

𝝉𝑨 − 	𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆																																																																																																																																							 

𝝉𝑩 − 	𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆																																																																																																																																							 

𝝉𝑪𝑴 − 	𝒏𝒆𝒈𝒂𝒓𝒊𝒗𝒆																																																																																																																																		 

 
−	𝑭𝑨 𝐜𝐨𝐬 𝜽𝑨 +	𝜽𝑪 + 𝑭𝑫 𝐜𝐨𝐬 𝜽𝑫 −	𝜽𝑪 = 𝟎 

 

𝑭𝑫 = 	
𝑭𝑨 𝐜𝐨𝐬 𝜽𝑨 +	𝜽𝑪
𝐜𝐨𝐬 𝜽𝑫 −	𝜽𝑪

= 

 

−𝒙𝑪𝑴𝒎𝒈𝒔𝒊𝒏 𝟗𝟎° +	𝜽𝑪 + 𝒙𝑫 −	𝒙𝑨 𝑭𝑫 𝐬𝐢𝐧𝜽𝑫 = 𝟎 

 

𝒙𝑪𝑴 = 	
𝒙𝑫 −	𝒙𝑨 𝑭𝑫 𝐬𝐢𝐧𝜽𝑫
𝒎𝒈𝒔𝒊𝒏 𝟗𝟎° +	𝜽𝑪

																																																																																													 

 

2.  

𝒂 										 𝑭𝒙 = 	𝑭𝒉 − 𝑻𝒄𝒐𝒔 𝟗𝟎° − 𝜽 = 	𝟎																																																																													 

𝒃 										 𝑭𝒚 = 	𝑭𝒗 −𝒎𝒈 + 𝑻𝒄𝒐𝒔𝜽 = 	𝟎																																																																																	 



 

𝒄 										𝝓 + 𝟗𝟎° − 	𝜽 + 	𝜶 = 𝟗𝟎° 

 

																𝜶 = 	𝜽 − 	𝝓 = 𝟐𝟎. 𝟎°																																																																																																									 

 

															 𝝉𝒑 =	𝒎𝒈𝒙𝑪𝑴 𝐬𝐢𝐧 𝟗𝟎° − 	𝝓 − 𝑻𝑳𝒔𝒊𝒏 𝝓 + 𝟗𝟎 − 𝜽 = 	𝟎																																		 

 

																𝑭𝒉 = 	𝑻𝒄𝒐𝒔 𝟗𝟎° − 𝜽 =	 

 

																𝑭𝒗 = 	𝒎𝒈 − 𝑻𝒄𝒐𝒔𝜽 

 

																𝒙𝑪𝑴 = 	
𝑻𝑳𝒔𝒊𝒏 𝝓 + 𝟗𝟎 − 𝜽
𝒎𝒈𝐬𝐢𝐧 𝟗𝟎° − 	𝝓  

 

 
 
 

 
 
 
 
 
 
	



Experiment 12 
	
1.  
 

We	know:	

	

v = T
dℓ

⎛

⎝
⎜

⎞

⎠
⎟

1
2

⇔ v2 = T
dℓ
=
Tℓ
m
		

	

From	the	above	relationship,	we	clearly	observe	that	in	order	to	quadruple	the	

velocity	of	the	wave	along	the	string	by:	

i.)		Increasing	the	tension	on	the	string	by	a	factor	of	16.	 	

ii.)		Increasing	the	length	of	the	string	by	a	factor	of	16.	

	
2.		

(a)	

λ =
2ℓ
n
=
2 1.125m( )

4
= 0.5625m 	

	

v = λ f = 0.5625m( ) 120.0Hz( ) = 67.50m s
	 	 	 	 	

	

	

(b)		

T = f 2dℓλ
2 = 150.0Hz( )2 0.001250kgm( ) 0.5625m( )2 = 8.899N  

	


