A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

WORK, ENERGY AND POWER

1. Usingv=u+at: 20=30a soakms’ M1 AL
Resultant force =F - R
Newton Il= F — R =900« £ i.e. F— R =600 M1 Al
P=Fv .. 24000 = Fx 15 M1 Al
so F =1600
. 1600 — R = 600
= R = 1000N Al cao

[7]

2. Initial and final k.e. =0 Bl
Loss in p.e. = 0.4gh M1 Al
Work done against friction = total loss of energy M1
Work done against friction = ¥4h Al
F x 4h = 0.4gh M1
i.,e. F=0.98 N Al

[7]

3. a) Resultant force = F — 400 M1
When steady speed, acceleration is zeFo= 400 Al
P=Fv M1
. 3000 = 400 v=>v = 7.5 m3 Al

[4]
b) Speed increased to 15 tia 60 seconds
sousing v=u+at>a=0.125 M1 Al ft.
Resultant force = massacceleration
.. Resultant force = 12000.125 = 150 M1 Al ft.
. F—400 =150= F =550 Al ft.
P=Fv= P =550« 15 M1
P =8.25 kW Al cao
[7]

4.a) Resultant force up the hill is F — 100@s#450 M1 Al
constant speeth no acceleration Bl
F =100 + 450 = 550 Al
P=Fv Bl
.. P=550<30 = P =16500W (16.5 kW) Al cao

[6]
b) Resultant force down the hill 5 F 1000si® — 450 M1 Al
=F, - 350
.. At constant speed; E 350 Al
P = Rv gives 16500 = 350v so v = 47.1°h{8 SF) M1 Al

[5]
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WORK, ENERGY AND POWER

5. a) Considering car + caravan } M1
Resultant force = F — 600
Steady speed...no accelerationr. F = 600 Al
Speed = 70 knih= 70x 2000 g1 - 175 M1 Al
3600 9
.. Rate of working = Fv M1
= 600x %3 =11.7 kW (3 SF) Al cao

[6]

b) For caravan only:

Resultant force = T — 200 M1
Steady speed. T—200=0 i.e. T =200N Al
[2]
6. a) Initial k.e. = mvV=1x2x25=25] } M1 Al

Finalk.e.=0

No change in p.e. Bl

. Loss in energy =25 J

Loss in energy = work done against friction M1

Work done against friction =S = 1.5F M1

1.5F =25 M1

Force = 1% N, acting along line of motion, in opposite direction to motion Bl
162

F=uR=>u=—=0.85 Bl
29

[8]

b)

R = 2g cos30= /3y }

F =uR = 0.85/3g M1 Al
Taking starting point as p.e. = 0:

Initial energy =1 x 2x V? =V B1
Final energy = 2g 1.5 sin30 = 1.5¢g M1 Al
Loss in energy =3~1.5¢g Bl
Work done against friction = 0.8@9 x 1.5 Bl
v2—1.5g = 0.85/3g x 1.5=> v = 6.03 m& M1 Al

[9]
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WORK, ENERGY AND POWER

7. Resolving horizontally: resultant force = Tcos30—F =0 M1 Al
Resolving vertically and no motion in that direction
= Tsin30+N—-10g=0 M1 Al
F

= — +N-10g=0
J3

Moving .. F=uN =0.4N M1

- i + i: 10g
J3 04

F = 31.846N Al cao

~.work done against friction = Fs M1

= 31.846x 8 = 254.8 Al fit.
[8]
8. a) Initial k.e. =0 M1 Al
Taking p.e. as zero initially gives initial energy =0
Final k.e. = x 3 x (0.4 = 0.24
Depth parcel falls is 1.5sin38 0.75 m Bl
Sofinalp.e =-%9.8x0.75 =-22.05 M1 Al
So final energy = - 21.81J
So loss of energy = 21.81J Al f.t.
Work done against friction = loss in energy M1
Work done = Fx 3 Al
~F= %81 =7.27N Al cao
[9]

b) Parcel treated as particle

Frictional force assumed constant B2 (any 2)

No other forces but frictional resistance and gravity

[2]
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9. a) Initial k.e.=0 Final k.e. 3 mu B1
Initial p.e. =0 Final p.e. = 3mgh Bl
~. Gain in energy == mu’ + 3mgh
_ mu?
-.Work done = gain in energy = > + 3mgh M1 Al f.t.
[4]
2 2
b) Initial k.e. =%m(ﬂj _ma B1
2 8
. 3mu?
-.Gain in energy = 3 + 3mgh
2
i.e. Work done _3n;u +3mgh B1f.t.
2 2
Does {mTu + 3mghj - {311; + 3mgh} less work M1
, mu?
i.e. TJleSS work done Al cao
[4]
10.For a dog, resolving horizontally:
resultant force = X — Tcos36- F (X = tractive force exerted by dog) M1 Al
since steady speed, no acceleration Bl
~X=Tcos30+F
Since moving, F &N M1
andN=W= F=02W Al
wX= T—\/g +0.2W
2
For sleigh: resolving horizontally and steady speed give
3Tcos30-F=0 M1 Al
and kR =0.1x5W = F, =0.5W Al
O.5W=@ i.e.T:ﬂ Al
2 3/3
x=ﬂx£+o.2w sz=M Al
3/3 2 30
Rate of working LW x2= 11w M1 Al ft.
30 15
[12]
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6
11.Volume of water per second fi><6100 cm® B1
3100
Mass of water per second:c% kg B1
10
.. mass per second = 50 kg Bl
- Gain in k.e. per second £x 50x 10° = 2500 J M1 Al
Gain in p.e. per second = 8@ x 7 = 3509 = 3430J M1 Al
Maximum power = increase in energy per second M1
= 2500 + 3430 W Al ft.
=5.93 kW Al ft.
[10]
12a) Gainink.e. =mv =1 x 0.4x 10° = 20 M1 Al
Gaininp.e.=mgh=049.8x 1.5=5.88 M1 Al
Work done = gain in energy M1
-.work done = 20 + 5.88 = 25.88 J Al ft.
[6]
b) If initial speed is v:
Total energy = x 0.2 + 0.2x 9.8x 1.5 M1 Al
25.88 = 0.1¢+ 2.94 M1
sov=15.1m$ Al cao

[4]
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WORK, ENERGY AND POWER

13.a) Total mass of train = 56 tonnes =660° kg Bl
Total resistance = 4056 = 2240 N Bl
Resultant force along horizontal track = F — 2240
since steady speed, resultant force = 0, so F = 2240 M1 Al ft.
P=Fv P=224&50 B1 M1
P =112 kW Al fit.
[7]
b) i) When downhill resultant force = 2240 + 568.0°gsird — 2240 M1
= 27440 = 2.744 10' Al
Newton Il= 2.744x 10 = 56x 10’a M1
s.a=0.49 Al cao
[4]
ii) Constant acceleration can use equation of motion B1
At bottom of slope using\= f + 2as M1
V2 =50 + 2x 400x 0.49
v=53.77 =53.8 s Al
.. Power of engine  =224053.77 = 120 kW (3 SF) Al cao
[4]
14.a) Initial k.e. =final k.e. =0 Bl
Taking AB as zero p.e. level:
Loss in p.e.=mgh = 2bgx 2 = 50g M1 Al
Work done against resistance < B M1 Al
Work done = loss in energy M1
S 4F =50g i.e. F=125g (=122.5) Al cao
[7]

b) Initial k.e. =3 mu* = 12,54 Final k.e. =0 B1
~.loss in energy = 12.54+ 50g B1 f.t.
Work done against resistansd 2.5 gx 4.5 =56.25 g M1 Al f.t.
- 125§+ 50g< 56.25g M1
= u< \/g so maximum value of u % (=2.21m3) Al cao

Sonal treated as particle
No air resistance.
Same conditions for each descent.

[6]

B2 (any two)

[2]
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15.a) Considering the caravan only

resultant force = T — 150 M1 Al
Steady speed.no acceleration Bl
.. T=150N Al
[4]

b) For car and caravan F —-250 =.(0F =250 N M1 Al
P=Fv Bl
90 kmh' = 25 mg' M1 Al

. P =Rate of working =25025 =6250W
= 6.25 kW Al f.t.
[6]

c) 126 kmh = 35 ms' B1
Resultant force -6§:O+ 17009 sin10—- 250 = 178.57 + 2893 — 252822 M1 Al
Acceleration =222 1.7 m@ Al

1700
[4]
16a) On level ground, resultant force = F x k(? Bl
and steady speed no acceleration. F = 1600k Bl
P=Fv .. 60000 =Fx40 = F =1500 M1 Al
- 1500 = 1600k =. k = > AL
16
[5]

b) When going up a hill :

resultant force =~ 9000sif — i—gx 20° M1 Al

=F -2175 Al c.a.o.
P=Rhv =>F= —802%00= 4000 Bl
..Resultant force = 4000 — 2175 = 1825 Bl
Weight = 9000N i.e. mg =9000.m = 9000 B1

g
Newton Il= 1825 =Mx a M1 Al f.t.
g

a=1.987 iea=1.99M¢3 SF) Al c.a.o.

[9]
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17a) Uphill, resultant force = F Mgsind — R M1 Al
Steady speed so no acceleratiof — Mgsirdo — R =0 Al
P=Fv ... P=Fu M1
P_ Mgsin6 - R =0 i.e. P = u(Mgsifi +R) Al f.t.
u
For downhill: K + Mgsili— R =0 Al
P =2 uk..P = 2u(R- Mgsim) Al ft.
- u(Mgsirt +R) = 2u(R— Mgsino) M1
R= 3 Mgsir Al cao
= P =4 Mgusif Al cao
[10]
b) On level ground, resultant force =FR M1
.. F, =3 Mgsiro Al fit.
P=Fv— :4Mgu§|ne M1
3Mgsind
=. max speed on level ground—éilsg Al c.a.o.

[4]
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18a) Frictional resistances = kv, where k is a constant Bl
For section AB: resultant force = F — kv — 500sin M1 Al
Max speed-. no acceleration. F —kx 10-100=0 Al
P=Fv so F %0000 = 500N B1
5. 500-100=k 10 ie. k=40 M1 Al
On section BC: resultant force £+40v Al f.t.
No acceleration and 5000 vt M1
= 5000=40v1 Al f.t.
\21
i.e. v =11.2m3 (3 SF) Al cao
[11]
b) On section CD resultant force z+40v + 500si® B1
no acceleration and 5000 vk M1
= 5000 - 40w +100=0 Al
V2
2V, — 5% — 250 =0 M1
(2v,— 25)(b +10) =0 ..v,=12.5m3 Al cao
(5]
19.0n level road resultant force = F — 2000 M1 Al
Newton Il= F — 2000 = 150@ 1.5 M1
.. F=4250N Al
P=Fv M1
.. Power =425k 12 =51000 W Al c.a.o.
Power = 51 kW Al f.t.

[7]
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20a) When on level road resultant force = F — 2100 } M1 Al
Steady speed. F =2100
P=Fv Bl
-.65000 = 210G v M1
i.e.v=30.95 i.e.v=31.0M8 SF) Al cao
[5]
b) Total mass now 1800 kg B1
.. Frictional forces —1800>< 2100=2700 M1 Al
1400
..Resultant force up hill =J~ 2700 — 1800gsénh M1 Al
Steady speed.F, = 3876 Al c.a.o.
P = Fv= 65000 = 3876v M1
= v =16.8m8 (3 SF) Al c.a.o.
[8]
21a) Resultant force =4 15x 10" —= R M1 Al
Steady speed.no acceleration Bl
~R=6x10N Alft.
[4]
b) Total power of 4 engines =>415x 10" x 200 M1
=1.2x 10° Alfit,
[2]
¢) Resistance = kv Bl
6x 10° = kx 200 = R = 3000v M1 Al f.t.
8
thrust of engines %zsuos M1 A1 fit.
and resistance = 3060150 = 4.5« 10° B1f.t.
. when climbing resultant force =810 — 4.5x 10’ — 70x 10°gsin30 M1
=7000 Al cao
Newton I1= 7000 = 70« 10°a M1
i.e.a=0.1m$ Al c.a.o.
[10]
22.D-R=Ma M1 Al
P =Dv=v(R + ma) M1 Al

[4]
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23.a) Momentum = 0.3(2-4) M1
I[Momentum|= 0.§2% + 4% =1.34 Ns M1 Al
[3]

b) ke. =1x0.3]2-4|*J M1
=1x0.3x (4+16)J M1
=3J Al

[3]
240.49-T=0.4a M1 Al

T-0.3g=0.3a Al

_ 04g )
Adding: a=—==1.4m¢& M1 Al
0.7
After 1.5 s from rest, each particle is moving with speed 21 ms M1 Al
k.e. of system = x 0.7x 2.7 = 1.5435 J M1 A1l

[9]
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