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Question No. 1 
a) Box Resting on an Inclined Plane
Given that: 
· Weight = 275 Newtons
· 69⁰ angle adjacent to F2↘(In)
· F1↙(down)
	Explanatory Diagram                                                                Force Up (Ff -Friction)↗
←Vertical ↑ ↑LiLineLinee


↖Force Out (Fo) Reaction 90⁰ Perpendicular to the slope69⁰
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i) Magnitude of Friction 
= 275 Cos 69 = 98.56 Newtons to 2 dp
ii) The angle between Ff and the Vertical 
= 69⁰ (because the angle below it is 21⁰ and both add up to 90⁰ using the horizontal line as ref point.
	

	
	
	Key

	
	
	21⁰ + 69⁰ = 90⁰ (L/H side)

	
	
	21⁰ + 69⁰ = 90⁰ (R/H side)
Fw = 275 Newtons ↓
Force Weight
Fd = Force Down↙
Fo = Force Out/Reaction↖
Ff = Force Up/Friction↗
Fi – Force In↘
Horizontal Line
Vertical Line

	












	
	

	Fw Weight↓  Vertical (DOWN)

	NB 

	The Mid line (where the weight is pulling down) is
the hypotenuse (the two left hand triangles are to be regarded as one complete triangle as are 2 r/h ones)






iii) The normal reaction between the box and the plane:

the Ff (normal reaction between the box and the plane) =

275N Cos 21⁰ = 256.73 Newtons to 2 dp

Because the object on a slope that is not moving is said to be ‘at rest’:

· Ff Friction, the force up slope = Fd, the force down slope

· F In, the Forces In = F Out, the Forces Out. 

b) Momentum = Mass x Velocity, therefore:

i) Mathematically stated this is shown as:
P = mv because;
· Momentum = P
· Mass = m
· Velocity = v
· P = mass x velocity

ii) The units of momentum are:
· Mass (Kgs)
· Velocity (ms-1)
· Kgms-1

c) Newton’s 2nd Law = Mass x Acceleration F=ma
i) Resultant Force = Mass x Acceleration
Weight = 275 N
Gravity = 9.81 ms-2
275N = mass x gravity (275 ÷ 9.81) = 28.03 Kg to 2 dp

If Acceleration up the slope = 2.5ms-1 :
Force Friction 
When Box at rest = 98.56 N 
28.03 x 2.5 = 70.08 to 2 dp
70.8 + 98.56 = 169.36N to 2 dp

ii) ?

iii) ?



Question No. 2 
12 Volt Battery connected to 3 resistors and thermistor

[image: ]

a)  (i) First   redraw                                                                                                                                             B
A

             20kΩ, 10kΩ, 5kΩ
                          into just ohms10,000 Ω R3
20,000  R1


                         (not Kilo Ω)

                                  D
C

                                        12 volts
5,000 Ω R4
20,000 Ω R2



 F
E

                                                                                                                                                                                       F
                               
	Then add up those in series
TOTALS
	R1 + R2
40,000 Ω
	  R3 + R4                                                                                                            15,000 Ω

	Redrawn again (over) to show above more simply as
calculated above

	
	


         
	a) Now that they are in parallel, can add them up as fractions:
 = +  =  = now flip upside down  = 11 kΩ
(i) RT or TOTAL RESISTANCE =  11 kΩ

(ii) Current leaving the battery:
I =  =  = 0.00109 or 0.0011 Amps to 4 dp       
            
(iii) To find the Power used by each resistor and the thermistor:
Power is measured in Watts; 
V=IR 
so to get the power use P=IV 
then use the formula I x I x R, or
Amps x Amps x Resistance, to deduce Wattage

· R1 = 0.0011 x 0. 0011 x 20,000 = 0.242 Watts
· R2 = 0.0011 x 0. 0011 x 20,000 = 0.242 Watts
· R3 = 0.0011 x 0. 0011 x 10,000 = 0.0121 Watts
· R4 = 0.0011 x 0. 0011 x  5,000 = 0.00605 Watts






40,000 Ω
(R1+R2)



15,000 Ω
(R3+R4)



a)                                                                                                                                                  BB
A


  10,000 Ω R3
20,000  R1



V2
V1

                                  V3
D
C

                                        12 volts
5,000 Ω R4
20,000 Ω R2



 F
E


Kirchoff’s 2nd Law applies; total drop across the battery V1 is equal across all components
V1 = 12 Volts
V2 = 12 Volts 
V3 = 12 Volts

a)                                                                                                                                                   BB
A


  10,000 Ω R3
20,000  R1



V2
V1

                                  V3
D
C

                                        12 voltsV4

5,000 Ω R4
20,000 Ω R2



 F
E


· Current 1 0.0011 x 3 = 0.0003 amps
· Current 2 0.0011 x 8 = 0.0008 amps
b) Potential Differences:
i) V2  Potential Difference between A-C = 0.0003 x 20,000 = 6 V
ii) V4  Potential Difference between D-F = 0.0008 x 5,000   = 4 V
iii)        Potential Difference between C-D =A-C (6) – B-D 
       B-D = 0.0008 x 10,000 = 8 Volts                                       = -2 Volts









40,000 
15,000Ω

V2
V1




· Voltage is 12 Volts
· Resistance is 11,000 Ω
· I (the Current) is 0.0011 Amps
· Ratio of Ω in parallel is 40,000:15,000 or 8:3
Question 3
a)  Define the Moment of a Force about a point: the product of the distance from the point to the point of application of the force and the component of the force perpendicular to the line of the distance.

b) i)  Moment = Force x Distance (Nm) Newton metre
     Force X = 250 N
     Distance = 48mm or 0.048m
     250 x 0.048 = 12Nm
	ii) Force Y:
Because the gripper is in equilibrium clockwise moments = anticlockwise moments
                Perpendicular Distance = 27mm or 0.027metres
	     Force Y = 0.027 ÷ 12 = 444.44 N to 2 dp
            iii) & iv) Force to compress is proportional to distance stretched
Force = 444.44 ÷ 0.015 (15mm) = 29,629.33 N to 2 dp
             v) Work Done = Force x Distance 444.44 x 0.015 = 6.67 Joules
c) 	i) power = Energy Transferred      or     P = E
                                           Time                                   t
· Power measured in Watts (W)
· Energy measured in Joules (J)
· Time measured in Seconds (s)
· W = J/s or Js-1
ii) Power = 6.67 ÷ 2.2 = 3.0318 or 3.03 Watts to 2 dp
d)  3,200 ÷6.67 = 479.7601199 or 479.76 to dp squeezes to use up 3.2kJ of energy.
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a) E F
When the resistance of the thermistor is SKQ
§) Calculate the total resistance of the circuit [4]
ii) Calculate the current leaving the battery 2]

iii) Calculate the power used by each of the three resistors and the thermistor ~ [8]

b) A voltmeter is used to measure the potential difference (PD) between points on the circuit. V
PD would you expect to see between points:

hac

i) D-F

iii) c-D 6]




