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M echan ica l m easurem ents offe r a  un ique m eans of in te rrogating  the  physics o f am orphous 
g lass-fo rm ers and rubbery po lym ers. H ere  we present severa l v ignettes to  dem onstrate  the 
ab ility  o f bo th  c lass ica l and nove l rheo log ica l experim ents to  reso lve  im portan t questions in  
condensed m atter phys ics.  F irs t, resu lts  from  torque and norm al force  m easurem ents a im ed at 
understand ing  the  therm odynam ics and m echan ics of po lym er netw orks in  bo th  dry and swo llen  
s ta tes are presented . In particu la r, we exam ine the  va lid ity o f the  Frenke l-F lo ry-R ehner theory of 
rubber ne twork  swe lling . T ors ion  and norm al fo rce  m easurem ents are a lso  described fo r a 
series of po lym eric  g lasses that exh ib it s im ila r shear m odu li bu t, surpris ing ly, very d ifferen t 
norm al force  responses, w ith  one se t of m ateria ls  show ing  extrem e devia tions from  neo -
H ookean behavio r and the  o ther be ing  c lose  to  neo -H ookean. W e then describe  the use of a 
nove l to rs iona l d ila tom eter, wh ich  a llows s im u ltaneous m easurem ent of m echan ica l p roperties 
and vo lum e recovery, to  investiga te  the  ag ing  and re juvenation  behavio rs of g lassy po lym ers. 
T he tem pera ture  dependence of dynam ics is  probed in  g lassy po lym ers tha t have been aged 
in to  equ ilib rium  be low  the  nom ina l g lass trans ition  tem pera ture  and evidence is  p resented that 
tim e-sca le  d ivergence m ay not be  a  true  s ignature  of the  g lass transition  itse lf. F ina lly, we 
describe  a  reduction  in  sca le  o f the  c lass ica l m em brane infla tion  test to  a llow  m easurem ent of 
the  b iaxia l creep com pliance o f nanom eter th ick  po lym eric  film s us ing  an  atom ic force 
m icroscope. In  each instance em phasis is  p laced on how  the  m easurem ents are designed to 
in te rrogate  the  physics of in terest in  the  m ateria ls  investiga ted. 

Using Mechanics to Interrogate the Physics of Soft Matter:  
From the Glassy to the Rubbery States and from the Macro-scale to the Nano-scale 

 
Dr. Gregory B. McKenna has a reputation as a pioneering researcher in four areas of 
polymer and plastics science and technology: Physical Aging and Structural Recovery of
Polymer Glasses, Solid Mechanics and Nonlinear Viscoelasticity of Polymers,
Thermodynamics and Mechanics of Elastomers and Gels, Molecular Rheology.  
He received his Bachelor’s in Engineering Mechanics at the U.S. Air Force Academy, 
and his MS in the area of composite materials from MIT. He entered active duty as a test
and evaluation engineer at Hill Air Force Base in Ogden, Utah. In 1976 he received his
Ph.D. in Materials Science and Engineering at the University of Utah. Dr. McKenna 
started at the National Bureau of Standards (now called NIST) as a National Research
Council Postdoc and accepted a permanent position as a staff scientist in 1977. He served

as the head of the Structure and Mechanics Group in the Polymers Division at NIST from 1992-99. In 1989 Dr. 
McKenna became a Fellow of the American Physical Society and was the recipient of the NIST E.U. Condon 
Award for excellence in technical exposition for his classic review article “Glass Formation and Glassy Behavior.” 
In 1998, he was elected a Fellow of the Society of Plastics Engineers. 
After NIST, he joined Texas Tech University as a Professor in the Department of Chemical Engineering and the 
John R. Bradford Endowed Chair in Engineering. In 2005 he became a Paul Whitfield Horn Professor at TTU.  
He is the 2009 recipient of the Bingham Medal of the Society of Rheology, has received the International Award of 
the Society of Plastics Engineers, and the Mettler Toledo Award from the North American Thermal Analysis 
Society. He served on the Governing Board of the American Institute of Physics, the Executive Committees of the 
Society of Rheology and The Division of High Polymer Physics (DHPP) of the American Physical Society.  He was
the Chairman of the DHPP, the Society of Engineering Science, and the Polymer Analysis Division of the Society of 
Plastics Engineers. Currently he is vice-president of the Society of Rheology. 
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