(2)

(b)

(©)

(a)

(b)

Use s = ut + 3at? with s = 3,u = 0,t = 2.5 (M1)
3 =1a(2.5)* (M1)
a= ﬁ = 0.96 ms 2

Equation of motion for A: 29 — T' = 2a (M1)

T = 2(9.8) — 2(0.96) = 17.68
Equation of motion for B: T — mg = ma (M1)
17.68 = m(0.96 + 9.8) (M1)

m = 1798 — 1.643...
m = 1.64 kg

The acceleration of both particles is the same.

(Total for question 1 is 10 marks)

ForB:4g — T = 4a (M1)

ForA: T = 5a (M1)

Substitute @ = T'/5 into B's equation: 4g — T' = 4(T'/5) (M1)
209 — 5T = 4T = 9T = 20g = T = Zg

Find acceleration: a = T'/5 = %g (ML)
Use s = ut + %at2 withs = 1.4,u =0 (M1)

1.4 = 3(59)t* (MD)
t? = 222 = 325 = 0.6428... (MD

t = 0.80 seconds

(Total for question 2 is 9 marks)




(a)

(b)

(©)

(a)

(b)

(©)

(d)

Total force = 1600 — 250 — 100 = 1250 (M1)
Total mass = 750 4+ 300 = 1050 (M1)
a = 1250/1050 = 1.19 ms?

Equation for trailer: 7' — 100 = 300(1.19) (M1)
T =100 + 357.14... (MD)

T =457TN

For trailer: —80 — 100 = 300a (M1)
a = —180/300 = —0.6 ms >
For car: 80 — 250 — F' = 750a (M1)
80 — 250 — F' = 750(—0.6) (M1)
170 — F = —450 (1)

F =450 — 170 (WD)

F=280N

(Total for question 3 is 13 marks)

2380 — 630 — 280 = (1400 + 700)a (ML)
1470 = 2100a (1)

a=0.7ms?

For trailer: T — 280 = 700(0.7) (M1)
T = 280 + 490 (WMD)
T =770N

The mass is concentrated at a single point and rotational forces have been ignored.

New acceleration for car: 2380 — 630 = 1400a (M1)

a = 1750/1400 = 1.25 ms >

Use s = ut + 1at? with u = 12, = 4,0 = 1.25 (M1)
s =12(4) + 2(1.25)(4%) (M)

s =48+10 (M»

s =58m

(Total for question 4 is 13 marks)




(a)

(b)

(©)

(d)

(e)

(a)

(b)

30 —4—2=(4+6)a (MD)

24 = 100 (M)
a=2.4ms?
v=u+at (M1)

v=0+2.4(5) =12ms™!

ForP: T — 2 = 4(2.4) (1)

T =2+9.6 (M)
T=116N

New acceleration: —4 — 2 = 10a = a = —0.6 ms 2 (M1)
v? = u? + 2as withv = 0,u = 12,0 = —0.6 (M1)

0 =122 +2(—0.6)s (M1)

1.2s =144 = s =120 m

ForQ:T — 4 = 6(—0.6) (M1)
T=4-36 (WD
T =04N

(Total for question 5 is 15 marks)

Sum of i components =0: 3 — 2 +4¢g = 0 (M1)
4qg=—-1=qg=-1/4
Sum of j components =0: 2p+5+5 =0 (M1)
2p=-10=p= -5

(Total for question 6 is 4 marks)

tand = 5/3 = 6 = 59.03...° (M)
Angle with positive i-axis = 180 — 59 = 121°

F = 0.8(—3i + 5j) = —2.4i + 4j (M1)
|F|=v/(-24)"+4 (M1
|F| = 4.66 N

(Total for question 7 is 5 marks)




10

11

12

(a)

(b)

(a)

(b)

e a=(v—u)/t=((Ti+2j)— (-2i+6j))/4 (M1
e a=(9i—4j)/4=2.25i — j
e |a| = /2.257 1 (—1)% = 2.46 ms 2
e F'is in the same direction as a. (M1)
e tanf =1/2.25 (M1)
. §=24.0°
2p+3¢=1 (M1)

dp—dg=—14=2p—2g= —7 (MD

Subtract equations: 5g = 8 = ¢ = 8/5 = 1.6 (M1)
2p+3(16)=1=2p=-38=p=-1.9
p=—19/10,9 = 8/5

o] = V4 + (-1)? (mD)
lv| =17 = 4.12ms ™!

tanf = 1/4 = 0 = 14.03..° (WD)
Bearing =90 + 14 = 104°

v=u+at (M1)

(—5i + 2j) = u+ 3(3i — 4j) (D)
u = (—5i+ 2j) — (9i — 12j) (Mm1)
u = —14i + 14j
w=+/(—14)2 + 14> = 19.8

Resultant R = (3 + p)i+ (=2 + 2p)j (M1)

Parallel to i + j means i-component = j-component (M1)
3+p=—-2+2p (M1

p=5

(Total for question 8 is 6 marks)

(Total for question 9 is 5 marks)

(Total for question 10 is 5 marks)

(Total for question 11 is 5 marks)

(Total for question 12 is 5 marks)




13

14

(a)

(b)

(©)

(a)

(b)

(©)

The string is inextensible.

ForA: b5mg — T = 5m(3/4g) (M1)
T = 5mg — 15/4mg (M1)
T =5/4mg

For B: T — kmg = km(3/4g) (M1)
5/4mg — kmg = 3/4kmg (M1)
5/A="T/4k = k =5/7

(Total for question 13 is 7 marks)

ForB:1.8g — T = 1.8a (M1)
ForA: T = 1.4a (M1)

1.8g = 3.2a (M1)
a=18g/3.2=9/16g (M1)
a = 5.5 ms 2 (2sf)

Phase 1 (B falling): s = 0.6,u = 0,a = 9/16g (M1)

0.6 = 1/2(9/169)2 = t; = 0.467... s

Velocity when B hits floor: v = at; = (9/16¢)(0.467) = 2.57... ms™1 (M1)
Phase 2 (A moving alone): s = 1.5 — 0.6 = 0.9,v = 2.57,a = 0 (M1)

ty = 0.9/2.57 = 0.35 s (M1)

Total time = 0.47 4+ 0.35 = 0.82 seconds

The table would not be completely smooth.

(Total for question 14 is 12 marks)
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(a)

(b)

ForA:3g — T = 3a (M1)
ForB:T —2g = 2a (M1)
a=(39g—T)/3anda = (T —2g)/2 (M1)
2(3g —T) = 3(T — 29) (MD)

6g — 2T = 3T — 69 (WD)

5T =129 = T = 129/5

Force on pulley = 2T (M1)

Force =24g/5 N

The string would not be light or inextensible.

(Total for question 15 is 9 marks)




