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Exam 1 Formulas 
Polymer Rheology Prof. Faith Morrison 

  

Rate of deformation tensor:  ߛሶഭ ൌ പݒ׏ ൅ ሺݒ׏പሻ் 

Rate of deformation:  ߛሶ ൌ ቚߛሶഭቚ 

Tensor magnitude:     ܣ ൌ หܣമห ൌ ൅ට஺മ:஺മ

ଶ
 

Total stress tensor:  Πമ ൌ ܫ̳݌ ൅ ഭ߬ 

  
 

Navier-Stokes Equation:  gvpvv
t
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Cauchy Momentum Equation:  gpvv
t
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Continuity Equation:                         v
t





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Newtonian, incompressible constitutive equation: ഭ߬ ൌ െߤሺݒ׏പ ൅ ሺݒ׏പሻ்ሻ 

 

Fluid force ܨഫ௢௡ on a surface S: 

ഫ௢௡ܨ ൌ ඵሾ ො݊ ⋅ െΠമሿห
௦௨௥௙௔௖௘

݀ܵ
ௌ

 

Flow rate ܳ	through a surface S: 

ܳ ൌඵሾ ො݊ ⋅ പሿ௦௨௥௙௔௖௘݀ܵݒ
ௌ

 

Fluid torque ഫܶ௢௡ on a surface S: ( ෨ܴഫ is the lever arm vector from the axis of rotation to the point of application of the force) 

ഫܶ௢௡ ൌ ඵሾ ෨ܴഫ ൈ ሺ ො݊ ⋅ െΠമሻሿ௦௨௥௙௔௖௘݀ܵ
ௌ

 

  
  

(Bird sign convention on stress) 

(Bird sign convention on stress) 

(Bird sign convention on stress) 

(Bird sign convention on stress) 

(Bird sign convention on stress) 
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Table of Integrals 

 

නݑ௡݀ݑ ൌ
௡ାଵݑ

݊ ൅ 1
൅ ܥ , ݊	is	a	constant 

න
1
ݕ
ݑ݀ ൌ ln ݑ ൅  ܥ

න lnݑ ݑ݀ ൌ ݑ ln ݑ െ ݑ ൅  ܥ

නݑ	ݒ݀	

௕

௔

ൌ อݒݑ
௔

௕

െ නݒ	ݑ݀

௕

௔

 

  

Miscellaneous 

 

മܣ ൌ ൭
ଵଵܣ ଵଶܣ ଵଷܣ
ଶଵܣ ଶଶܣ ଶଷܣ
ଷଵܣ ଷଶܣ ଷଷܣ

൱

ଵଶଷ

 

 

݀
ݏ݀
ሺݓݑሻ ൌ ݑ

ݓ݀
ݏ݀

൅ ݓ
ݑ݀
ݏ݀

 

 

ഫݑ ൈ ഫݓ ൌ det อ
݁̂ଵ ݁̂ଶ ݁̂ଷ
ଵݑ ଶݑ ଷݑ
ଵݓ ଶݓ ଷݓ

อ ൌ ൭
ଷݓଶݑ െ ଶݓଷݑ

െሺݑଵݓଷ െ ଵሻݓଷݑ
ଶݓଵݑ െ ଵݓଶݑ

൱
ଵଶଷ
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Cylindrical Coordinate System:  Note that the ߠ-coordinate swings around the ݖ-axis and 
the ݎ-coordinate is perpendicular to the z-axis. 

 
 

Spherical Coordinate System:  Note that the ߠ-coordinate swings down from the ݖ-axis 
and the ݎ-coordinate emits radially from the origin; these are different from their definitions 
in the cylindrical system above. 
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System Coordinates Basis vectors 
Spherical ݔ ൌ ݎ sin ߠ cos߶ ݁̂௥ ൌ ሺsin ߠ cos߶ሻ݁̂௫ ൅ ሺsin ߠ sin߶ሻ݁̂௬ ൅ cos  ௭̂݁ߠ
Spherical ݕ ൌ ݎ sin ߠ sin߶ ݁̂ఏ ൌ ሺcos ߠ cos߶ሻ݁̂௫ ൅ ሺcos ߠ sin߶ሻ݁̂௬ ൅ ሺെ sin  ሻ݁̂௭ߠ
Spherical  ݖ ൌ ݎ cos థ̂݁ ߠ ൌ ሺെ sin߶ሻ݁̂௫ ൅ cos߶ ݁̂௬ 
Cylindrical  ݔ ൌ ݎ cos ௥̂݁ ߠ ൌ cos ߠ ݁̂௫ ൅ sin ߠ ݁̂௬ 
Cylindrical ݕ ൌ ݎ sin ఏ̂݁ ߠ ൌ ሺെ sin ሻ݁̂௫ߠ ൅ cos ߠ ݁̂௬ 
Cylindrical ݖ ൌ ௭̂݁ ݖ ൌ ݁̂௭ 
  
 
 


