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Question 1

a)

[image: ]

FW = Weight = 275 N
F1 = component of weight down the slope
FR = Normal Reaction
FF = Friction
F2 = Into slope
V1 = Vertical
H1 - Horizontal

i) [bookmark: _Hlk30167344]
Because the box is at rest, FF = F1.
Cos690 = F1 / 275 N
F1 = 275 Cos690
F1 = 98.5511 N

Therefore FF = 98.6 N to 1 dp

ii) 
Angle between V1 and FF = 690
iii) 
Because the box is at rest, FR = F2.
Cos210 = F2 / 275 N
F2 = 275 Cos210
F2 = 256.7346 N

Therefore FR = 256.7 N to 1 dp

b)		
i) [bookmark: _Hlk30169929]
Momentum = mass x velocity
Momentum is represented by p
Mass is represented by m
Velocity is represented by v

Mathematical statement for Momentum is p = mv

ii) 
Units of momentum are:
Mass = kilo (kg)
Velocity = metres per second (m/s) or ms-1

Therefore, the units of Momentum = kgms-1

c)	
i) 
Resultant force = mass x acceleration (F = ma)
When box is at rest, F1 = FF and this equals 98.6 N.
Weight = 275 N
Gravity = 9.81 ms-2
As Weight = mass x gravity
275 = mass x 9.81
Therefore, mass = 275 / 9.81 
Mass = 28.03 kg

With acceleration up the slope being = 2.5 ms-2
FF – F1 = mass x acceleration
FF – 98.6 = 28.03 x 2.5 (70.1 to 1dp)
FF = 70.1 + 98.6

FF = 168.7 N to 1 dp
ii) 
Momentum = mass x velocity.
p = mv

With no movement (i.e. at rest), starting momentum = 0 (zero)

The change in momentum when velocity reached 7.5ms-1
mass = 28.03 kg
velocity = 7.5 ms-1
p	= 28.03 x 7.5
	= 210.2 kgms-1
	   
Therefore, change in momentum = 210.2 – 0 = 210.2 kgms-1

iii) 
Resultant force is proportional to the rate of change of momentum.

Force = change in momentum / time

Force is measured in Newtons (N).
Change in momentum is measured in kgms-1
Time is measured in seconds (s).

Mass of box	= 5 kg
Velocity 		= 12.5 ms-1
Time 			= 3.2 seconds

Momentum at rest 		= 5.0 x 0 = 0 kgms-1
Momentum at end 		= 5.0 x 12.5 = 62.5 kgms-1
Change in momentum 	= 62.5 – 0 = 62.5 kgms-1
Time 					= 3.2 seconds

Resultant force = 62.5 / 3.2 = 19.53 N to 2dp

		





Question 2
a)
i) 
[image: ]becomes
[image: ]

20kΩ 	= 20,000 ohms
10kΩ 	= 10,000 ohms
5kΩ 		=   5,000 ohms.

Resistance in series 
A to E 20,000 + 20,000 = 40,000 ohms (RT = R1 + R2 now R5)
B to F 10,000 +   5,000 = 15,000 ohms (RT = R3 + R4 now R6)

Total resistance in circuit are those now in parallel, which are
 1                 1            1                    
-----    =      ------   +  ------   
 RT              R5          R6

 1                  1                  1                 15 + 40             55
-----    =      ----------   +  ----------   =  ------------------ = ------------
 RT             40,000        15,000            600,000         600,000

1                   11                                  
-----    =      ------------   
RT              120,000        

         120,000
RT = ----------- = 10,909.01 ohms (10.9kΩ)
              11



ii)
[image: ]

Voltage = Current x Resistance 	(V = IR)
Current = Voltage / Resistance 	(I = V / R)

[bookmark: _Hlk30249108]Vo = Voltage = 12 volts
Resistance = 10,909 ohms

Current leaving battery = 12 / 10,909 = 1.1 x 10-3 
Io= 0.0011 amps





iii)
Power = Energy / time 
Power = Current x Voltage (P = I x V)
Voltage = Current x Resistance (V = I x R)
By substituting V=IR into P=IV
Power = Current x Current x Resistance (I x I x R)

Power is measured in Watts (W)
Energy is measured in Joules (J)
Time is measured in seconds (s)
1 W = 1 J/s (1 Watt = 1 Joule per second)

Current = 0.0011 amps
Resistance = 20kΩ, 10kΩ, and 5kΩ respectively

Power used at both the 20kΩ resistors are
0.0011 x 0.0011 x 20,000 = 0.242 W each

Power used at the 10kΩ resistor is
0.0011 x 0.0011 x 10,000 = 0.0121 W

Power used at the 5kΩ thermistor is
0.0011 x 0.0011 x 5,000 = 0.00605 W

b)
The potential difference (or voltage) of a supply is a measure of the energy given to the charge carriers in a circuit and is measured in volts (V). 
When in parallel Vo = V1 = V2 = 12volts
[image: ]
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Vo 	= Voltage = 12 volts
Resistance = 10,909 ohms
Io	= 0.0011 amps
Io = I1 + I2 = 0.0011 amps

Ratio of Resistance in parallel is 40,000 : 15,000 ( 8 : 3 )
I1 = 0.0011 / 11 x 3 = 0.0003 amps
I2 = 0.0011 / 11 x 8 = 0.0008 amps











Using V = IR
[image: ]

i)
Potential difference between A-C (V3)
0.0003 x 20,000 = 6 volts

ii).
Potential difference between D-F (V4)
0.0008 x 5,000 = 4 volts

iii) 
Potential difference between C-D (V6)
Is potential difference of A-C (V3) minus B-D (V5)
Potential difference B-D (V6) = 0.0008 x 10,000 = 8 volts

Therefore, potential difference C-D (V6) = 6 - 8 = 2 volts









Question 3

a)
The definition of the moment of a force (Nm) about a point is the magnitude of force (F) multiplied by the perpendicular distance (D) from the turning point to the line of action of the force. 

This can also be expressed as the ‘turning effect’ of a force.

Moment = F x D measured in Newton metres (Nm)

b)
i)
Moment 	= Force x Distance
		= Newton x metre
		= Nm

Force X 	= 250 N
Distance = 48 mm = 0.048 metres
		= 250 N x 0.048m

Moment of Force X = 12 Nm
		 
ii)
Force Y = ?
Perpendicular Distance for Y = 27 mm = 0.027 metres
Force X = 250 N
Perpendicular Distance for X = 48 mm = 0.048 metres

Because the gripper is in equilibrium
Force Y x Distance = Force X x Distance

Therefore
Force Y x 0.027 m = 250 N x 0.048 m
Force Y x 0.027 m = 12 Nm
Force Y = 12 Nm / 0.027 m = 444.44 N

Force Y = 444 N to 3 sf



iii & iv)
Hooke's Law states that the force needed to compress or extend a spring is directly proportional to distance stretched. 

Hooke’s Law is expressed as F = kx
F = Force applied in Newtons
k = spring constant 
x = extension of spring (in metres)

k = F / x
Force Y = 444 N
x = 15mm = 0.015 m

[bookmark: _GoBack]k = 444 / 0.015 = 29,600 Nm-1

v)
Work done (W)	= Force (N) x Distance (m)
Work done (W)	= Transferred energy
Transferred energy is measured in Joules (J)

Force on spring = 444 N
Distance through which the force causes the spring to move in the direction of the force = 15mm = 0.015 m

W = FD
Work done = 444 x 0.015 = 6.67 J to 2 dp

c)
Power is a rate at which work is done, or energy is used, it is equal to the amount of work done divided by the time it takes to do the work. 
The unit of energy is the joule, the unit of power is the watt, and the unit of time is the second.

i)
Power is measured in Watt (W)
Energy is measured in Joules (J)
Time is measured in seconds (s)
The equation for Power is represented as 
Power = Energy / Time
W = J / s or Js-1

ii)
Energy = 6.67 Joules
Time = 2.2 seconds
Power = Energy / Time
W = J / s

Power applied = 6.67 / 2.2 = 3.0318 = 3.03 Watts to 2dp

d)
The unit of power is the Watt (W), which is equal to a Joule per second (J/s) and the formula that links energy and power is Energy = Power x Time.
	
Energy 	= 3.2kJ 	= 3200 Joules
Power 	= 3.03 Watts
Time	= 2.2 seconds x number of squeezes (SQ)

3200		= 3.03 x 2.2 x SQ
3200		= 6.67 x SQ
SQ		= 3200 / 6.67 = 479.76

Number of squeezes required to obtain 3.2kJ energy = 480
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