
M E 320   Professor John M. Cimbala Lecture 07  
 

Today, we will: 
 

• Do a review problem – hydrostatic forces on submerged bodies 
• Discuss buoyancy and stability in hydrostatics 
• Discuss fluids in rigid-body motion (linear acceleration and solid-body rotation) 

 

 
 
 
 
 
 
 
 
 
 
 



E. Hydrostatic Forces on Submerged Surfaces (continued) 
3. Buoyancy and Stability 

a. buoyancy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example: Buoyancy 
Given: A sphere of diameter D = 0.0550 m and density ρbody = 1700 kg/m3 falls into a tank of 
water (ρf = 1000 kg/m3). 
 

To do: Calculate the net downward body force on the sphere due to gravity. 
 

Solution: 
 
 
 



b. stability 
Stability of a symmetric submerged body 

 

 
 
 
 
 

Bottom line: The body is unstable if center of buoyancy B is below center of gravity G. 
 

Stability of a boat (partially submerged)  
 
 
 
 
 

 
 

   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bottom line: The boat is unstable if metacenter M is below center of gravity G. 
 
 

Define M = the metacenter = the point where the line of action of the buoyancy force 
before rotation and the line of action of the buoyance force after rotation intersect. 
 

Line of action of the buoyancy 
force after rotation 
 

Point M is below point G 
 

Point M is above point G 
 

Line of action of the buoyancy 
force before rotation 
 

G is the center of gravity 
(depends on how the 
weight is distributed 
inside the body) 
 

B is the centroid of the 
submerged portion of the body 
= center of buoyancy, and also 
= center of rotation. 
 



 F. Fluids in Rigid-Body Motion (Section 3-7) 
1. Equations 

 

Key: In rigid-body motion, the fluid moves and accelerates as a rigid or solid body – no 
distortion, and therefore no shear stresses on a fluid element – only pressure and weight. 
 

Consider a small fluid element of dimensions dx, dy, and dz as sketched previously. 
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Liquid mercury mirrors. By rotating a container of mercury, a nice parabolic mirror can be 
generated without the need to grind or polish. Unfortunately, it can look only straight up. However, 
there is some discussion of creating similar mirrors in space – thrust can be used in place of gravity 
to produce the parabolic shape. 
 
Example: The Large Zenith Telescope in Canada: Photo from 
http://www.astro.ubc.ca/LMT/lzt/index.html. 
 

 
 
 

http://www.astro.ubc.ca/LMT/lzt/index.html


Mirrors made from spinning molten glass in a furnace, and letting it harden in the paraboloid shape. 
 
Example: The 40-foot (12 meter) diameter spinning furnace used in casting 6.5 meter and 8.4 meter 
borosilicate glass "honeycomb" mirrors at the Steward Observatory Mirror Lab, University of 
Arizona. Image from http://uanews.org. 
 

 
 
 

 

http://uanews.org./



