Mark schemes
Q1.
(a)     The molecules (continually) move about in random motion✓
Collisions of molecules with each other and with the walls are elastic✓
Time in contact is small compared with time between collisions✓
The molecules move in straight lines between collisions✓
ANY TWO
Allow reference to ‘particles interact according to Newtonian mechanics’
2
(b)     Ideas of pressure = F / A and F = rate of change of momentum✓
Mean KE / rms speed / mean speed of air molecules increases✓
More collisions with the inside surface of the football each second✓
Allow reference to ‘Greater change in momentum for each collision’
3
(c)     Radius = 690 mm / 6.28) = 110 mm or T = 290 K ✓ seen
volume of air = 5.55 × 10-3 m3✓
n × 29(g) = 11.4 (g)✓ n = 0.392 mol
Use of pV = nRT = [image: ] ✓
p = 1.70 × 105 Pa ✓
Conclusion: Appropriate comparison of their value for p with the requirement of the rule, ie whether their pressure above 1 × 105 Pa falls within the required band✓
Allow ecf for their n V and T✓
6
[11]
Q2.
(a)     (it takes) 130 J / this energy to raise (the temperature of) a mass of 1 kg (of lead) by 1 K / 1 °C (without changing its state) ✓
1 kg can be replaced with unit mass.
Marks for 130J or energy.
+1 kg or unit mass.
+1 K or 1 °C.
Condone the use of 1 °K
1
(b)     (using Q = mcΔT + ml)
= 0.75 × 130 × (327.5 ‒ 21) + 0.75 × 23000 ✓
(= 29884 + 17250)
= 47134 ✓
= 4.7 × 104 (J) ✓
For the first mark the two terms may appear separately i.e. they do not have to be added.
Marks for substitution + answer + 2 sig figs (that can stand alone).
3
[4]
Q3.
(a)     (i)      v = s / t
C1
19 (18.7) m s–1
A1
(ii)     zero      tolerate missing unit
B1
(iii)    v2 = (u2) + 2as v = u + at2 s = ut + 1 / 2at2
C1
v = √(2 × 9.8 × 11)
C1
15 m s–1 / 14.7 m s–1
A1
(b)     (i)      use of Pythagoras
C1
18.72 + 14.72 = v2 OR v2 = √(their (a)(i)2 + their (a)(iii)2)
C1
24 (23..7 or 23.8) ms–1 ecf
A1
OR      velocities drawn correctly to scale
C1
          suitable scale used and quoted
M1
          23 – 25 m s–2
A1
(ii)     38° to 39°          37° to 40° for scale drawing
ecf tan–1 [image: ]
B1
(c)     when kicked / when landing has max KE
B1
has no PE at this point / has max speed and KE = ½mv2
B1
or loses energy because of (work done against) air resistance
B1
     total energy greatest just after it’s been kicked
B1
[12]
Q4.
(a)     (i)      
[image: ] 
                                                                                (1)
(ii)     no horizontal force acting (1)
(hence) no (horizontal) acceleration (1)
[or correct application of Newton’s First law]
3
(b)     (i)      (use of v2 = u2 + 2as gives)       322 = (0) + 2 × 9.81 × s (1)
s = [image: ] (1)         (= 52.2 m)
(ii)     (use of s = ½ at2 gives)             52 = ½ 9.81 × t2 (1)
[image: ]= 3.3 s (1)    (3.26 s)
[or use of v = u + at gives 32 = (0) + 9.81 × t (1)
[image: ] = 3.3 s (1)    (3.26 s)]
(iii)     (use of x = vt gives) × (= QR) = 95 × 3.26 (1)
= 310 m (1)
(use of t = 3.3 gives x = 313.5 m)
(allow C.E. for value of t from (ii)
6
(c)     maximum height is greater (1)
because vertical acceleration is less (1)
[or longer to accelerate]
2
[11]
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Q5.
(a)     T = power/ω
Torque = 2500/0.47
5320 N m value to 2 or more sf needed
3
(b)     (i)      Deceleration= 0.47/34= 0.0138 (rad s–2)
moment of inertia = torque / angular deceleration
=5000/0.0138 = 3.57 × 105
kg m2 (Allow N m s2)
3.8 × 105 if 5320 used
3
(ii)     Suitable equation of motion used with correct data but omitted minus sign
8.0 radian Allow (their ω/2π)
1.27 revolutions
Condone 1 revolution
(allowed for thinking question refers to complete revolutions)
3
[bookmark: _GoBack](c)     (i)      F = 65 × 2.2 × 0.472
32(31.6 N)
2
(ii)     Force produced by friction between the feet and the roundabout
Centripetal force has to act through the centre of mass of the operator
or
The resultant of the frictional force and normal reaction has to pass through the centre of mass
Any indication (eg on diagram) of wrong direction = 0
2
(iii)     Ticks 4th box
1
[14]
Q6.
(a)     (i)      mg = ke (1)
[image: ] = 61(.3) N m−1 (1)
[image: ](1) (= 0.667 s)
(ii)     [image: ](1)(= 1.50 Hz)
4
(b)     (i)      forced vibrations (at 0.2 Hz) (1)
amplitude less than resonance (≈ 30 mm) (1)
(almost) in phase with driver (1)
(ii)     resonance [or oscillates at 1.5 Hz] (1)
amplitude very large (> 30 mm) (1)
oscillations may appear violent (1)
phase difference is 90º (1)
(iii)     forced vibrations (at 10 Hz) (1)
small amplitude (1)
out of phase with driver [or phase lag of
(almost) π on driver] (1)
Max 6
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