ACDA4007 Physics Solutions (2020)	
Q1
(a)  A body of mass 50 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 = 0.7  .
Calculate:
i. The force on the body parallel   to the plane due to gravity.		

2.7kg



θ 


Force parallel to  plane  = mgsinθ = 50x9.8sinθ = 40 sinθ				(3 marks)



ii. The reaction force, R, that the plane exerts on the body.	

R=  mgcos θ =  40cos θ							(3 marks)
iii. The maximum angle of inclination for the body not to slide down the plane.
This occurs when frictional force jus balances force due to gravity parallel to plane
i.e.     µR =  mgsin θ
	µmgcos θ = mgsin θ
i.e. 	tan θ= µ
	θ =  tan-1(0.7) = 34.99 degrees to  2 d.p. 				(4 marks)

(b) A body of mass 300g is dropped from a vertical height of 1.3m. Calculate the speed at impact on ground.									
Assume acceleration due to gravity g = 9.8 ms-2
(3 marks)

Potential Energy  is totally converted into  Kinetic Energy
mgh=  0.5 mv2

where h= 1.3m,  m = 0.3kg  and v is v speed on impact at ground level.
v2= 9.8 x 1.3x 2 = 25.48 
v= 5.05 ms-1 to 2 d.p.

(5 marks)
	
(c) A projectile of mass 25g penetrates a target to a depth of 0.4m. If the speed at initial impact is 500 ms-1 determine the resistive force that the body exerts on the projectile, assuming uniform resistance.
Kinetic Energy at impact  =  work done by resistive force in stopping body
	0.5 x 0.025 x 5002 = F x 0.4

	F = 7812.6 N
(5 marks)
			
				



Q2
(a) Using simple sketches, compare the stress- strain relationship for a ductile metal and a brittle material.	A simple bilinear approximation (or better) is expected for this assessment.
stress
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(6 marks)
(b) An applied force stretches a uniform wire. If the change in length is 10-4 m and the strain was 0.01, calculate the original length of the wire.
Strain =extension/original length
  		strain= 10-4/L
     			L = 10-2   m 									(4 marks)
(c) A vertical uniform wire has Modulus of Elasticity 62 x 109 pascals, cross-sectional area 0.1 cm2 and natural length 1.9 m. Calculate the stress and strain values when a mass of 125 kg is suspended from one end. 
Assume acceleration due to gravity g = 9.8 ms-2

Stress= force/cross-sectional area  = 125x9.8/0.1x10-4  = 1.225 x 108 Pa 	(5 marks)

Strain = Stress/E  = 1.225 x 108 /62 x 109   = 0.001976 
(5 marks)


Q3
(a) How much energy is required to raise the temperature of a body with specific heat 200 J kg-1 K-1 and mass 3kg through a temperature increase of 10 K?
From definition of specific heat Q= mCΔT   where C= 200, m= 3kg and ΔT=10
Q= 6000J
(5 marks)
(b) A metal bar of initial length 10m at 20OC is raised in temperature to 100OC. If the coefficient of thermal expansion is10-4K-1, what is the new length of the bar?
L(T) = L(0)[1+ αΔT]  where   α = thermal exp coeff, L(T) is length at new temp ad L(0) is length at original temp
L(100)  = 10 [(1 + 0.0001x80] = 10 x 1.008  = 10.08m 
(5 marks)
(c) A laser pulse of total energy 10J is applied for 1µs. If the pulse has a rectangular temporal profile, what is the power?
For a rectangular pulse  energy =  area under power –time curve .
i.e. 10 = Power x 10-6
Power = 107 W or 10 MW
(5 marks)
(d) A force of 100N is applied to a body and accelerates it from 4 ms-1 to  10 s-1 over  a duration of 0.2s.What is the acceleration?
Uniform Acceleration  = change in velocity/time = (10 - 4)/0.2 = 30 ms-2


(5 marks)

Q4  
(a) What is the definition of a system undergoing Simple Harmonic Motion? 
I’m looking for a statement such as “ restoring force is proportional to  displacement from equilibrium”  or “acceleration is proportional to  displacement and in opposite direction”
(4 marks)
(a) Write an expression for the displacement, x, as a function of time and describe the symbols used in your expression.
x = ASin(ωt+ɸ) A amplitude, ω angular frequency, ɸ phase angle
(4 marks)  
(c) A 2kg object is attached to the bottom end of a vertical spring. The spring constant is 196Nm-1. The object is held 5 cm from the equilibrium position and released at t=0 s. 

	
i. Find the angular frequency ω, frequency f, and period, T. 

ω = √(k/m)     = √98 = 9.98 rads-1 to  2 d.p.			(2 marks)
ω = 2πf   therefore f = ω /2π    = 1.58 Hz to  2 d.p.		(2 marks)
T=1/f = 0.63 s to  2 d.p. 						(2 marks)
ii. What is the maximum speed of the object?
If x = ASin(ωt+ɸ) then  v= dx/dt = Aωcos(ωt+ ɸ). V is a maximum when cos  function is max i.e. 1 . therefore  v=  Aω = 0.05x √98 = 0.49 ms-1 to  2 d.p.
(3 marks)
iii. What is the maximum acceleration of the object?
a= dv/dt = -Aω2sin(ωt+ ɸ).   a is max when sin function is a max i.e. 1. Therefore amax =  Aω2  = 0.05x 98 = 4.9 ms-2
(3 marks)

Q5  
Two hard spheres collide in a perfectly elastic collision. Determine the velocity of each ball after the collision.

4g
8g
2ms-1
3ms-1



Let v1 and v2 be velocities of 4g and 8g masses after collision
Conservation of Momentum Law:
Momentum before collision = momentum after collision
4 x 2   -  8x3  = 4v1  + 8 v2
-16 = 4v1 + 8 v2  				[1]
 v1= -2v2  - 4					[2]				(6 marks)

Conservation of Energy Law:
K.E. before collision =  K.E. after collision

0.5 x 4 x 22   +0.5*8*(-3)2   = 0.5x4v12    +0.5x 8 v22
i.e. 
 8 + 36 = 0.5x4v12    +0.5x 8 v22
22 = v12    +   2 v22        				[3]			(6 marks)

Substitute for v1 in equation [3] from equation [2]:
 
22= (-2v2 -4)2 + 2 v22
22= 4 v22 +16V2 + 16 + 2v22
0= 6 v22 +16v2 -6
0=3v22 +8v2 -3
From quadratic formula 
V2 = (- 8 ±10) /6

i.e. v2 = -3 ms-1 or v2 = 1/3 ms-1						(4 marks)
 
Therefore from equation [2]:  v1 = -2 v2 – 4 = 2ms-1	or v1= - 14/3 ms-1	(4 marks)
  	Take second solution since first solution just replicates initial conditions.	











Q5 

Two hard balls collide in a perfectly elastic collision. Determine the velocity of each ball after the collision.

10g
20g
20ms-1
10ms-1



Let v1 and v2 be velocities of 10g and 20  g masses after collision
Conservation of Momentum Law:
Momentum before collision =  momentum after collision
10 x 20   -  20x10  = 10v1  + 20 v2
0 = 10v1  + 20 v2  			[1]
 v1= -2v2				[2]				(6 marks)

Conservation of Energy Law:
K.E. before collision =  K.E. after collision

0.5 x 10 x 202   +0.5*20*102   = 0.5x10v12    +0.5x 20 v22
i.e. 
 2000 + 1000 = 0.5x10v12    +0.5x 20 v22
600 = v12    +   2 v22        				[3]			(6 marks)

Substitute for v1 in equation [3] from  equation [2]:

600= (-2v2)2  + 2 v22
600 = 6 v22
V22 = 100
V2 = +-10 ms-1  Take positive sign for physical reasons			(4 marks)

Therefore from equation [2]:  v1 = -2 v2 =  -20ms-1			(4 marks)
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2.7 kg  

θ    

