Edexcel A level Maths Forces and motion in 2D o

Section 2: Newton’s second law

Solutions to Exercise level 2
a

1. /
R
-
T
a
3.59
Constdering the 3.5 kg mass downwards: 2.59-7 =354
Constdering the 2 kg mass up the plane: 7 —24gsin30°=24
T-g=2a
Adding: 25g9=554
25x% 9.8
a= 2E _ 4.45
55

T =2a+g9 =187
The acceleration is 4,45 ms= and the tension in the string is 18,7 N,

[ 5@\

Resolving parallel to the plane: 5gsint =524
4= 98x¢=1.9¢6

u=7% v: =u”* +24as
V=0 0:7—2—2x1:9@s
a4a=-19¢ $=12.5

s=7

It wmoves 12,5 w. before coming to rest,
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12004

({) constant speed, so a = o.
For both car and trailer up the slope:
X —180 — #5 —1200gsln 0 —5005sin 0 =0
X =255 +1F00% 9.8 X0,1
X =1921

For tratler: 77— #5 —500gsn 0 =0
T =75 +500% 9,2%x0,1
7T =565

The tractive force Ls 1921 N and the tension is 565 N,

(it when decelerating at 0.5 ms=, a = -0.5,
For both car and tratler up the slope:
X —180 — #5 —1200gsin 0 — 5004 sin 0 = 1700 x—0.5
X =255 +1F00X 9.2 X0,1 -850
X =1071

For tratler: 77— #5 —50045sin 0 = 500 x—0.1
7T =75 +500% 9.2X0,1—250
7T =315

The tractive force is 1071 N and the tension (s 315 N,

4. (1) ownslope:
50 |3

N

(21

209

Resolving down the slope: 30gsina —50 =304
304 =30X 9.8XZ —50=52
a4 =2

=2
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Edexcel A level Maths Forces in 2D 2 Exercise solns

The acceleration is 2,10 ms= (3 s.f.)

iYu=o0 v =’ +24s
s=5 V =4.59
}/:?

The speed at the end of the slope (s 4,59 ms™ (= s.f.).
(iL) on horizowtal sectlon:

50 =304

a=%

The deceleration is 1.6 ms= (3 s.f.)

(iv) u :\/% Vv =u? +24s
s=5 Vi=22-ox5x5
a=-% Vv =2.09
v

Il
-~

The speed is 2.09 ms™ (2 s.1.)

5, ()

29

Down the roof: 39sinz0°—# =24
3X 9.8X0.5 —F =34
_77

3
The acceleration s 2.57 ms =2,

a =257

(i) v =u’ +2a4as

v =O+2xﬁx2
=2
vV =32.20

The veloelty at the edge of the voof is 3,20 ms=,

(L8} The vertical component of the veloclty s v sinz0°,
Vertically (taking downwards to be positive):
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S=ut+iat®
3.5 =4t +ix 9.8t"
9.8+t —F =0

N\ 8
LN Ex
2% 9.8

Time taken = 0,697 seconds (3 s.f.)

(tv) The horizontal component of the velocity is v cos20°
Horizowtal distance travetled =vcos30°x ¢

=1,94

Horizontal distance travelled = 1,94 w.,

275
&. Mass of crate = 275

Resolving parallel to the slope:

, 275

7 —2F5sln45° = i><o.2
9.8

7 =21F

The tenston is 26# N (3 s.f)

=
7
AT
v o
o
Mg
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0 n equilibrium, a = o.

For the mass M vertically: Mg—T =0
For the mass m up the plane: 7 —mgsina =0
Adding: Mg —mgsina =0
, M
stiha =—
m

(i) whew accelerating, 2 = 0.5.
For the mass Mvertically: Mg—T =im
For the mass me up the plane: 7T —mgsina =4m
Adding: Mg —mgsina =5 (M+m)

, MG —M—m
sing = ———

2mg

(i)

12004

For the car and the trailer:
X — 400 —100 —1200g sin 2° — 30049 sln 2° = 1500 X +
X =500 +1500 x 9.8 sln 2° +2000
X =3013

For tratler: 77 —100 —200gstn2° =300 x %

7 =100+300X 9.82sln2°+400
7 =603

The tractive force is 3010 N (3 s.f.) and the tension is 603 N (3 s.f.).

(i)

12009 2009
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For the car and the tratler:
X —400—100 +12004sn 2° +2004sin 2° = 1500 x £
X =500 —1500% 9.8sin 2°+2000
X =198F

For tratler: 7 —100 +3004sin2° =300 X £
7 =100 —300% 9.8sin2°+400
T =397

The tractive force is 1990 N (2 s.f.) and the tension is 397 N (3 s.f.).

ES EQ E—i

T b
72 7= 1

spp  |10000 kg »> {10000 kg | ->—<— 20000 kg —> x
5004 200 ¢
100009 100004 200004
(1) For whole train: X — 800 — 500 — 500 = 0
X = 1800

The driving force is 1800 N,

(i) For engine: X -7, —200=0

1800 —7, —R00 =0

7, =1000
For second truck: 7,—-500=0
7, =500

The force tn the first coupling is 1000 N andl the force tn the second
coupling is 500 N,

(Lit)

200004

100004
100009

For whole train: 1800 — 1800 — 400004 sln10° = 400004

a=-gsln10°=—-1,70
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The deceleration is 1,70 ms=,

For the engine: 1800 —7, — 00 — 200004 sin10° = 200004
7, = 1000 — 200009 sin10° — 20000 X —g stin10°
7, =1000
For second truck: T, — 500 —100004sn10° = 100004
7, =500 + 10004 sln 10° + 10000 X —g sin 10°
7, =500
The tensions tn the couplings are 1000 N and 500 N, as before.
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