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1. 1.17	(same	number	in	4th	edition)	
a) Distance	has	dimensions	of	length	and	time	is	already	a	dimension	in	itself:	

𝐿 = 𝐶 𝑇!	,	where	[C]	is	a	constant	

Solving	the	equation	for	[C]:	 𝐶 = !
!!
	

b) Force	is	equal	to	mass	times	acceleration	so	the	dimensions	must	be	𝑀 ∗ !
!!

 and	
mass	is	already	a	dimension	in	itself:		

𝑀 ∗
𝐿
𝑇!

= [𝐶]𝑀	

Solving	the	equation	for	[C]:	 𝐶 = !
!!
	

c) Flow	rate	Q	has	dimensions	of	Volume	per	time:	!
!

!
,Area	is	length	squared,	and	the	

radius	is	length.	The	slope	S0	has	no	units	and	therefore,	no	dimensions:	
𝐿!

𝑇
= 𝐶 ∗ 𝐿! ∗ 𝐿!/!	

Combining	like	terms:	!
!

!
= 𝐶 ∗ 𝐿!/!	

Solving	for	[C]: 𝐶 = 𝐿!/! ∗ 𝑇	
	

2. 1.25	(same	number	in	4th	edition)	
a. Horizontal	net	force	F=ma:	𝐹 = 10 𝑘𝑔 ∗ 40 !

!!
= 400 𝑁	

b. Vertically,	weight	is	acting	downwards	on	the	object	and	the	force	is	acting	
upwards	on	the	object:	𝐹 −𝑊 = 𝑚𝑎	

𝐹 = 𝑚𝑎 +𝑊 = 10𝑘𝑔 ∗ 40 
𝑚
𝑠!
+ 10 𝑘𝑔 ∗ 9.81 

𝑚
𝑠!
= 498.1 𝑁	

c. Sloping	up	at	30	degrees	will	make	the	weight	acting	downward	on	the	
object	slope	at	30	degrees.	Since	we	are	only	interested	in	the	vertical	
component	of	the	weight,	we	make	𝑊 = 𝑊𝑠𝑖𝑛 30°	

𝐹 −𝑊𝑠𝑖𝑛 30° = 𝑚𝑎	
𝐹 = 𝑚𝑎 +𝑊𝑠𝑖𝑛 30° = 10 ∗ 40 + 10 ∗ 9.81 ∗ sin 30° = 449 𝑁	

	



3. 1.29 (same number in Fourth edition) 
a. 𝐺𝑎𝑔𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 − 𝑉𝑎𝑐𝑢𝑢𝑚 = 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 

101 𝑘𝑃𝑎 − 31 𝑘𝑃𝑎 = 70 𝑘𝑃𝑎 𝑎𝑏𝑠 
b. 760 𝑚𝑚𝐻𝑔 − !" !"#

!"! !"!
∗ 760 𝑚𝑚𝐻𝑔 = 527 𝑚𝑚𝐻𝑔 𝑎𝑏𝑠 

c. 14.7 𝑝𝑠𝑖 − !" !"#
!"! !"#

∗ 14.7 𝑝𝑠𝑖 = 10.2 𝑝𝑠𝑖 𝑎𝑏𝑠 

d. 34𝑓𝑡 𝐻!𝑂 −
!" !"#
!"! !"#

∗ 34𝑓𝑡 𝐻!𝑂 = 23.6𝑓𝑡 𝐻!𝑂 𝑎𝑏𝑠 

e. 30 𝑖𝑛. 𝑜𝑓 𝐻𝑔 − !" !"#
!"! !"#

∗ 30 𝑖𝑛. 𝑜𝑓 𝐻𝑔 = 20.8 𝑖𝑛. 𝑜𝑓 𝐻𝑔 𝑎𝑏𝑠 
4. 1.39 (same number in 4th edition) 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦, 𝑆 =
𝜌!"#$"%
𝜌!"#$%

 

𝜌 =
𝑚
𝑉 	

𝑆 =
𝑚
𝑉

𝜌!"#$%
= 1.2 =

10 𝑠𝑙𝑢𝑔𝑠
𝑉

1.94 𝑠𝑙𝑢𝑔𝑠/𝑓𝑡!	

Solving	for	volume:	𝑉 = 4.30 𝑓𝑡!	
5. 1.41 (same number in Fourth edition) 

At equilibrium, the weight of the piston is balanced by the resistance in the oil due 
to the wall shear stress: 𝑊!"#$%& = 𝜏 ∗ 𝜋𝐷𝐿, where D is the diameter of the piston 
and L is the piston length. 
 
The distance between the piston and the cylinder is small, can assume linear 
velocity distribution, which means that the shear can be represented as: 

𝜏 = 𝜇
𝑑𝑣
𝑑𝑟 = 𝜇

𝑉!"#$%& − 0(𝑛𝑜 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦)
𝐷!"# − 𝐷!"#$%&

2

 

Combining both equations and using Weight= mass* gravity: 

𝑚𝑔 = 𝜇 !!"#$%&!! !" !"!#!$% !"#$%&'(
!!"#!!!"#$%&

!

∗ 𝜋𝐷𝐿 

Solving for velocity of the piston: 𝑉!"#$%& =
!.!"# !"∗!.!"!

!!
∗(!.!"#$!!!.!"#!)

!∗ !.!"# ! !
!! ∗!∗!.!"#!∗!.!"!

=

0.91 𝑚/𝑠 
6. 1.47 (same number in Fourth edition)	

Force	applied	to	the	belt	is	the	viscosity	due	to	water	times	the	area	of	the	
surface	at	which	the	force	is	being	applied:	

𝐹!"#$ = 𝜇
𝑑𝑣
𝑑𝑦𝐴 = 1.31𝑥10!! ∗

10𝑚
𝑠

0.002 𝑚 ∗ 0.6𝑚 ∗ 4 𝑚 = 15.7 𝑁	

𝑃𝑜𝑤𝑒𝑟 =
𝐹𝑜𝑟𝑐𝑒 ∗ 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦

746 (𝑡𝑜 𝑔𝑒𝑡 𝑖𝑛 ℎ𝑜𝑟𝑠𝑒𝑝𝑜𝑤𝑒𝑟) =
15.7 𝑁 ∗ 10𝑚/𝑠

746 = 0.210 ℎ𝑝	



7. 1.55 (same number in Fourth edition)	

Applied	pressure	due	to	change	in	volume:	∆𝑝 = − !∆!"#!"#
!"#$%&

,	where	B	is	the	bulk	
modulus	of	elasticity.	At	standard	conditions,	it	is	approximately	2100	MPa.	

∆𝑝 = −2100 𝑀𝑃𝑎 ∗
18.7 𝐿 − 20 𝐿

20 𝐿 = 136.5 𝑀𝑃𝑎	

	

8. 1.56	(same	number	in	4th	edition)	

a. Speed	of	propagation	through	water:	𝑐 = !
!
,	use	a	table	to	find	the	

bulk	modulus	of	elasticity	and	the	density	of	water	at	different	

temperatures:	𝑐 =
!"#$$$!"#∗(!""!!

!

!!!
)

!.!"!"#$
!!!

= 4940 !"
!
	

b. 𝑐 =
!"#$$$!"#∗(!""!!

!

!!!
)

!.!"!"#$
!!!

= 4932 !"
!
	

c. 𝑐 =
!"#"""!"#∗ !""!!

!

!!!

!.!"!"#$
!!!

= 4870 !"
!
	

9. 1.59 (same number in Fourth edition) 
𝑝 = !!

!
,	where	𝜎,	surface	tension	is	found	using	Table	B.1	

𝑝 =
4 ∗ 0.00504 𝑙𝑏/𝑓𝑡

1
16
2 𝑖𝑛 ∗ 𝑓𝑡

12 𝑖𝑛

= 7.74 𝑝𝑠𝑓	

10.	1.61 (same number in Fourth edition) 

Capillary	rise:	ℎ = !!"#$%
!"

= !!"#$%
!"#

=
!∗!.!"#$!"!∗!"# !"

!"""!"
!!∗!.!"

!
!!
∗!.!!!"!

= 0.130 𝑚	


