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Q1 (14 marks)
· A body is rotating at a speed of 5 revolutions per minute.  Determine to 2 D.P. the angular velocity in radians per sec. 					(3 marks)
	angular velocity = 2 x  pi x frequency (rotations per second)
	rotations per minute to per second:  divide by 60
	5 per minute = 5/60per second = 1/12 per second =0.083per second
	angular velocity = 2 x pi x 0.083 = 0.52 radians per second
· Calculate, to 2 D.P.  the Moment of Inertia of a 4 kg bar of uniform rectangular cross-sectional area, that rotates horizontally about the pivot point shown in Figure 1:
		I=int r^2 dm 
		M=4kg, L=2m
		mass per length = M/L=2kg/m
		dm=(M/L) x dr,      dm=2 x dr
		I = int r^2 x 2 x dr    (substitute dm in above equation)
		I =  [(r^3/3)x2]=2/3 r^3  (substitute L into r)
		I = 2/3 (2^3)=2/3 x 8=16/3=5.33 kg m^2








	

(8 marks)

· If a torque of 200 Nm is applied to a body and produces an angular acceleration of 30 rad s-2, determine to 2 D.P.  the moment of inertia of the body.	(3 marks)
	F=ma

	 Torque = moment of inertia x angular acceleration
	200 = moment of inertia x 30 rad/s^2
	200/30 = moment of inertia= 6.67kgm^2


Q2 (12 marks)
·  What are the essential assumptions made in Gurney’s theory of terminal velocities of an explosive charge?					(4 marks)

· An asymmetric high explosive sandwich of two metal plates is shown in Figure 2, which also indicates the mass per unit area of the two plates and the high explosive. If the Gurney constant for the high explosive is    2500 ms-1    what are the Gurney estimates of the terminal velocities of the two plates to 2 D.P.           (8 marks)
















Q3 (19 marks)

· A body of mass 5.0 kg is on an inclined plane inclined at an angle θ to horizontal. The frictional force between the body and the plane is represented by a coefficient of friction, µ = 0.6  . Assume acceleration due to gravity g = 9.8 ms-2.
Calculate:
· The force on the body parallel   to the plane due to gravity.	(3 marks)
		49sin(theta)
· The reaction force, R, that the plane exerts on the body.		(3 marks)
		49cos(theta)
· The maximum angle of inclination for the body not to slide down the plane. Express answer to 2 D.P.					(4 marks)
		Friction=uR=0.6x49cos(theta)
		Body does not fall down slope when friction is greater than or equal to force due to gravity parallel with the slope.
		49sin(theta)=0.6x49cos(theta)
		sin(theta)=0.6cos(theta)
		divide by cos
		sin(theta)/cos(theta)=0.6
		use tan(theta)=sin(theta)/cos(theta)
		tan(theta)=0.6
		get theta alone 
		tan^-1(tan(theta))=tan^-1(0.6)
		theta=tan^-1(0.6)=30.96 degrees


· A body of mass 500 g is dropped from a vertical height of 2.7 m. Calculate the speed at impact on ground. Assume acceleration due to gravity g = 9.8 ms-2. Express your answer to two decimal places.				(4 marks)
	Conservation of energy 
	initially all energy is in GPE, at the end all energy is in KE.
	KE=0.5 m v^2
	GPE=mgh = 0.5kg x 9.8 x 2.7=13.23Joules   (energy)
	13.23=0.5 m v^2
	13.23 = 0.5 x 0.5 x v^2
	rearrange for v:
	13.23/(0.5x0.5) = v^2
	v^2=13.23/(0.5x0.5)=52.92
	v = sqrt(52.92)=7.27m/s
	
· A projectile of mass 30 g penetrates a target to a depth of 0.6 m. If the speed at initial impact is 700 ms-1 determine the resistive force that the body exerts on the projectile, assuming uniform resistance. Express your answer to two decimal places.									(5 marks)
	F=ma
	without having to use suvat equations use conservation of energy and work done which are on the formula booklet.
KE upon entering the target:
KE=0.5mv^2
KE=0.5x0.03x700^2=7350J
All energy must be covered to work done:
WD=F x d
re arrange for F
F=WD/d=7350/0.6=12250N or 12.25kN


Q4 (20 marks)
· Using simple sketches, compare the stress- strain relationship for a ductile metal and a brittle material.							(6 marks)
	
· An applied force stretches a uniform wire. If the change in length is 5x10-3 m and the strain was 0.03, calculate the original length of the wire. Express your answer to two decimal places.							(4 marks)
strain=change in length/ original length
rearrange for original:
original = change/strain
substitute 5x10^-3, 0.03
original = 5x10^-3/0.03=0.17m
· A vertical uniform wire has Modulus of Elasticity 150 x 109 pascals, cross-sectional area 0.2 cm2 and natural length 2.5 m. Calculate the stress and strain values when a mass of 80 kg is suspended from one end. Express your answer to two decimal places.	 Assume acceleration due to gravity g = 9.8 ms-2.
(10 marks)

Stress=Force/area
modulus of elasticity = stress/strain
force=weight from 80kg = mg=80x9.8=784N
area =0.2cm^2=0.2/100^2=0.2/10000=0.2x10^-4m^2
Stress=F/A=784/0.2x10^-4=39,200,000Pa=39.20MPa or N/m^2

E=stress/strain
strain=stress/E=39.2x10^6/150x10^9=0.26x10^-3=2.60x10^-4 no units


Q5 (15 marks)
· How much energy is required to raise the temperature of a body with specific heat 400 J kg-1 K-1 and mass 2 kg through a temperature increase of 20 K? Express your answer to two decimal places.					(5 marks)
	Heat capacity equation:
	E=mxCxT
	E=2x400x20=16.00kJ=16,000J
· A metal bar of initial length 5 m at 30 OC is raised in temperature to 120 OC. If the coefficient of thermal expansion is 2x10-4  K-1, what is the new length of the bar? Express your answer to two decimal places.				(5 marks)
	new length = original length x(1+a x temprature change)
	new length = 5(1+2x10^-4 x 90)=5.09m
· A laser pulse of total energy 8 J is applied for 2.2 ms. If the pulse has a rectangular temporal profile, what is the power? Express your answer to two decimal places.
	power = Energy/time
	P=8/2.2x10^-3
	P=3636.36W=3.64kW
(5 marks)
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