


Today: 

• Elastic response of 

materials 

• The Titanic 

• Proportions of Animals 

• Temperature and 

thermal equilibrium 







A Nylon rope used by mountaineers has a length of 50 

m and cross-sectional area of 0.004 m2.  When an 80 

kg climber hangs from the rope it extends by 1 m. 
 

What is the stress in the rope? 

A.  80 N 

B.  800 N 

C.  2 N/m2 

D.  20 N/m2 

E.  200,000 N/m2 



A Nylon rope used by mountaineers has a length of 50 

m and cross-sectional area of 0.004 m2.  When an 80 

kg climber hangs from the rope it extends by 1 m. 
 

What is the Young's modulus E of the Nylon? 

E  ? 

A.  200 N/m2 

B.  200,000 N/m2 

C.  1,000,000 N/m2 

D.  10,000,000 N/m2 







The Pyramids at Giza 
Constructed: 2650 - 2490 BC 

 



Cathedrale de Notre-Dame-de-Paris 

Constructed: 1163 – 1345 AD 







San Francisco de Asis, Taos, New Mexico 
Constructed: 1772-1816 



Monadnock Building, Chicago 
Constructed: 1893 

 





The 627 ft tall “Turning Torso”, 
an apartment complex in Malmö, 
Sweden, designed by Spanish 
architect Santiago Calatrava. 
 





TITANIC 



The minimum cross-sectional area of the femur of a 

human adult is 6  10-4 m2.  The ultimate strength of bone 

under compression is 17  107 N m-2.  

 

What is the maximum compressional force Fmax that can 

be applied (e.g., during a fall) before the bone breaks? 

Fmax  ?  

A.  1000 N 

B.  100,000 N 

C.  3  1011 N 

D.  None of the above 



The minimum cross-sectional area of the femur of a 

human adult is 6  10-4 m2.  The ultimate strength of bone 

under compression is 17  107 N m-2, and its Young's 

modulus E is 9  109 N m-2. 
 

What is the strain at which fracture occurs?   

(Assume that the stress-strain relation is linear up to when 

fracture occurs.) 
Strain  ?  

A.  0.01 

B.  0.02 

C.  0.04 

D.  50 

E.  100 





Proportions of Animals 

Geometric Similarity: 

 

 Individuals of the same species usually 

have the same shape.  Larger individuals 

are just magnified versions of smaller 

individuals. 

 



E.g., Regal Horned Lizards:  

m=0.012 kg m=0.086 kg 



Geometric Similarity: 

 characterized by a single length scale   

 

•  length, diameter of limbs      

•  bone, muscle x-sectional area A    2 

•  mass m        3 

•  muscle strength   A      2 



Geometric Similarity: 

 

WT  strength  2     

W  mass  3 

            WT  W2/3 

Log WT 

log (body weight W) 

WT  W2/3 

 
 

WT = world record  

          weight lifted 



Elastic Similarity: 

The shapes of individuals of different species are 

characterized by two length scales: 

 

 - long bone and muscle length  

 - bone and muscle diameter d 

      

Animals of increasing size must be designed 

so that the elastic bending of their limbs 

during, e.g., running, does not cause the 

limbs to break.   

 



For no increase in bone breakage (same y/L), need  
 

3    d2  
           

  

 limb diameter d  limb length 3/2 
  

Larger species tend to have proportionately 

    thicker limbs.   



Ornithomimid 

m=165 kg 

T.  Rex 

m=6000 kg 

Theropod 

Dinosaurs: 

 

 



Ornithomimid 

m=165 kg 

magnified 2.7  

T.  Rex 

m=6000 kg 






