Physics OME L4 revision :

Stress -Strain:

Review stress strain relations for  ductile and brittle material; engineering strain and true strain; Hookes’ Law definition of stress and strain

Worked example:


A vertical uniform wire has Modulus of Elasticity 250 x 109 pascals, cross-sectional area 
8x 10-2 cm2 and natural length 0.6 m. Calculate the stress and strain values when a mass of 200 kg is suspended from one end. 



From formula sheet:
Area= 8x 10-2  cm2  = 8x 10-2   x 10-4  m2   = 8x 10-6   m2   

Stress = force/area =  200 x 9.81 /  8x 10-6     = 245.25 x106      Pa
						or 245.25 MPa


Use Hooke’s Law to  determine Strain since we know Stress and we know E. 
From formula sheet: E = Stress/Strain  
   i.e.    Strain = Stress/E   = 245.25 x106  /    250 x 109

	strain 	= 0.000981  or 9.81 x 10-4
















200 kg






Force= mg = 200 x 9.81 N 




Gurney theory:
Estimate   the terminal velocity of a cylindrical explosive device if the case mass is 6 kg and the enclosed  12 kg explosive charge  has a Gurney constant of  2900 m s-1









Forces, Energy, Rotation:

Review Newton’s Second law ; definition of acceleration, momentum; impulse; Newton’s second Law in rotational form:

Worked example:

A body of mass 5 kg hits the ground at 60 ms-1 and becomes stationary  after the impact event.             
i. What is the impulse that the ground’s reaction force exerts on the mass? 										
ii. If the impact event  has a duration of 0.02 s, what is the average force?
To determine impulse:

From formula sheet on Newton’s Second Law:

Impulse = Ft =  m(v-u) = 5(0-60) = -300 Ns 

To determine average force:

If     Ft=  -300 Ns  then    F = -300 /0.02   = -15000 N 


Worked example:

A body rotates under the influence of an applied torque of magnitude 500 N m. If  the body’s  Moment of Inertia  is  300 kg m2  , determine the angular acceleration of the body.

From formula sheet on  Newton’s 2nd Law in rotational situation:

		   Torque = moment of inertia  x angular acceleration

T =  I Ӫ

         500 = 300 Ӫ

Therefore Ӫ  = 500/300 = 1.67 radians s -2   to 2 D.P. 


Worked example:

What is the wavelength of an electron, mass    9.109 × 10-31   kg,  travelling at a speed of   3x 107 ms-1 ?
For formula sheet for de Broglie 
[bookmark: _Hlk173439404]de Broglie:   p =  h/λ   where h = 6.626×10−34 J Hz-1   is Planck’s constant
 therefore  λ =  h/p        = h/(mv)  = 6.626×10−34 /(9.109 × 10-31   x 3x 107 ) 
λ   = 2.42 x 10-11   m    to 2 DP

Heat, thermodynamics:

Review specific het definition; First Law of thermodynamics, Planck radiation distribution, Stefan’s Law on radiating bodies

Worked example:

How much energy is required to raise the temperature of a solid body with specific heat 650 J kg-1 K-1 and mass 5 kg through a temperature increase of 45 K?

From formula sheet:
Q=mCΔT  
Q = 5 x 650 x45 = 146,250 J  or 146.25 kJ 

Worked example:

[bookmark: _Hlk194343089]470 J of heat is supplied to  850 g of gas that has specific heat of 320kg-1 K-1 . If the gas expands by doing work of 125 J, what is the change in temperature of the gas?
From formula sheet on first law of thermodynamics:
[bookmark: _Hlk126318268]	and 
470 = 0.85*320*     + 125 
345 = 0.85*320*     
   = 345/(0.85*320)  = 1.27 K to  2 DP 
				    
Worked example:

[bookmark: _Hlk194343129]What is the peak wavelength of  the thermal radiation from a black body at a temperature of 1500 o C ?	
From formula sheet:
[bookmark: _Hlk173439797]Wien’s Law :               =          =  1.63 10-6 m to 2 DP
   
Worked example:

[bookmark: _Hlk194343156]What is the thermal radiative power emitted from a body of surface area 1.5 m2, emissivity 0.75 at a  temperature of 400 o C

From formula sheet:

Stefan’s Law:    = AεσT4         W     

[bookmark: _Hlk126320389][bookmark: _Hlk194341847]where σ=5.67× 10−8   W m-2 K-4  and  ε is emissivity and A area

= 1.5 x 0.75 x 5.67  × 10−8       x (673.15)4 

= 13097.34  W to 2 DP
