R Forces and Newton's laws

ROBINSON Worked solutions

This topic online

n A box of mass 4 kg lies on a smooth horizontal floor. The box is pulled along the floor by a constant
horizontal force of magnitude 18 N, as shown in the diagram. The box is modelled as a particle.

a. Find the acceleration of the box.
b. Find the magnitude of the normal reaction, R N, between the box and the floor.

c. The box starts from rest. Find the time it takes to reach a speed of 9 m s,

18 N

49

(5 marks)
o) Resolve hor:.zm'tm(.(.:’ ond vse F = ma

\% o

M 4.5

o=%.S ms?

b) Resolve Ve.rt:.c.o.(.(.y: no vertical acceleration
R = 43

R = 4x99%

R = 3.2
R=392N

duv=0,v=9,a=45,vsev=utat

q O+ 4.5t

Sk 2 =S

t=2¢
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n Two forces Fq = (3i - 2j) N and F, = (=5i + 6j) N act on a particle P of mass 0.5 kg. No other forces
acton P.

a. Find the resultant force acting on P.

b. Find the acceleration of P, giving your answer in the form (ai + bj) m 572

c. Find the magnitude of the acceleration of P. (5 marks)

o) Add the ¢ parts and the § parts
R = (3c-2))+(-5i+¢y)
R o= (3-5)+(-2+¢)

R=(-20+u4))N

\o)F=Mo.
it 4) = OSa
o = -Zi*ﬂi
O.5

o= (=t &\)) mest

c) Mo.sm.tu&e b:) Pjﬂwaoms
ol = J((-u)2> +82)
o] = I %0

ol = 4l 5= 2.944...

Y4 me?
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A crate of mass 25 kg rests on a horizontal floor. A light rope is attached to the top of the crate and
the rope is held vertical, as shown in the diagram. The tension in the rope is T N.

a. When T = 80 the crate stays at rest on the floor. Find the normal reaction between the crate and
the floor.
b. The tension is increased to 300 N and the crate rises vertically. Find the acceleration of the crate.

c. The crate starts from rest. Find the speed of the crate when it has risen 1.5 m.

R1 25 kg

25g

(6 marks)

o) Resolve vc.r{:;co.(.(.:,: up = down (ot resk)
R + 20 159

R + %0 24S
-%0 R KS  -%0

R=1is N
b) Ol’f‘ the J:Loor, R = 0. Resolve v'.r‘t:.r.a.(.(.J, vp pos:.t:.\/z, F = ma

300 - 25’3 J‘ 250
300 - 245 ¥ 2Sa
SS % 29a

+1S o T 2.2 +1S

o =2.2ms*vpwards

c)u=0,a =22, =15, use v: =02+ 2as

vi = or+2(2.2)(.5)
vt = 6.6

2.5¢9...

v
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v=E2STms

u A car of mass 1200 kg starts from rest on a straight horizontal road. The engine of the car produces
a constant driving force of 3000 N and the total resistance to the motion of the car is modelled as a
constant force of magnitude 840 N.

a. Find the acceleration of the car.
b. Find the speed of the car after 8 seconds.
After 8 seconds the engine is switched off. The resistance to motion is unchanged.

c. Find the distance the car travels from the moment the engine is switched off until it comes to

rest. (7 marks)

o) Resolve in £he derection °f moteon, F = ma
3000 - 840 12000

2160 1200.a

+1200 o LS +1200

a=129ms?

L)v=0,a=13, t=% usev=u+at
v = 0O+\.9%x1%

vV = 4.4

v=I44Y4ms’

c) EAS:.M. of °"('J the rescstonce acts kor:.z.oﬁto.(.(.:)
-840 = 1200.

oo = -0.7
VEI4Y, v=0,a = =0.T,use vV = 0> + 2as
O = W4 +2(-0.7)s
\4s = 207.36

s = I4R.Ill...

\HR m
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n Two forces Fq = (2i + 3j) N and F, = (ci - 5j) N, where c is a constant, act on a particle P of mass 1.5

kg. No other forces act on P.
The acceleration of P is in the direction of the vector (2i - j).
a. Find the value of c.

b. Find the magnitude of the acceleration of P.

c. Find the angle between the direction of the acceleration of P and the vector i.

o) Fend the resultant force
R = (2¢+3)) 4 (ci - 5))
R o= (2+4c)i-2j
F = ma, so R is in the same direckion as o

R is o Mu(.‘k:.p(.e. °of (2¢ - J) compa.re the ratios

2Z+c -2
2 -\
2+tec 3
-2 c 2 -2
c=2

b) Mo.saitud.e. of the resultant
R = ui - 2)
Il’LI = [ (u2+22)
|(L| = 20
= ma with Mo.am.tudt.s

{20 = 154
oo = 2.98.\..

2.99m 2

¢) Skekteh 4 across, 2 down! use tan

tanB = 2

(7Y
0 = 2656..

2¢.6 below ¢

(7 marks)
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n A particle P of mass 2 kg is at rest in equilibrium under the action of three forces F; = (6i - 2j) N, F,
= (-3i + 5j) Nand Fs.

a. Find F3 in the form (ai + bj) N.
The force F3 is now removed. Forces F4 and F, continue to act on P.

b. Find the magnitude of the acceleration of P.

c. Find the distance travelled by P in the first 4 seconds after F3 is removed.
(7 marks)

a.) Eiun(.i.brwmi the porees oadd to zero

Fi+F24F3: =0
(¢c-25) + (-3 +55) +F3
3 +3)+Fs = o
F3=(-'6:.-35)N
b) The resultant is now F1 4+ F2
R = 3c+3)
@] = (s +3)
I{LI = 3{ 2

F = ma with Mman&.tudzs

o

3{ 2 = 2.
. = 31_—2 = 2.12\...
2
2.\2 m o2

¢) From rest cna stro.x.akt Line: =0, ¢t =4, use s = vt + /zat?

3{ 2

ST otlan X Y2
2

s = 12 2

s = 16.97...

17.0 m
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Nadia pulls a sledge of mass 15 kg along horizontal snow using a horizontal rope. The tension in the
rope is 60 N and the resistance to motion is a constant force of magnitude F N, as shown in the
diagram.

The sledge starts from rest and reaches a speed of 3 m s~ after moving 5 m.
a. Find the acceleration of the sledge.
b. Find the value of F.

When the speed of the sledge is 3 m s~1, Nadia lets go of the rope.
c. Find how much further the sledge travels before it comes to rest.

d. State one modelling assumption you have made about the rope.

FN 60 N
+—— 15kg |——»

(8 marks)
Wu=0,v=3,5=5,use vi=u?+2as

3L = O+ 2a(S)
9 100

+\0 o 0.1 =\0

a=09ms™?

b) Resolve horczontally, F = ma
60-F = 1sxo01
¢o-F = 115

F = uwés

F = u¢.s

¢) Rope released: ol\(.v the rescstance acts
“4¢.5 = I9a
o = =3\
v=3,v=0,a = -3l use v = v+ 2as

o = 324 2(-3.\)s

6.2 = 9
s = LY4S\..
.45 m

d.) Mod.e.(.(.‘ms assumption
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The rope is Light and tnextensible,
so0 the tenscon ¢s 6O N all o.(,ol\s it

n A small stone of mass 0.4 kg is released from rest at a height of 1.6 m above the surface of a pond.
The stone falls vertically. Air resistance may be ignored.

a. Show that the stone hits the surface of the water with speed 5.6 m s,

In the water the stone continues to move vertically downwards and the water exerts a constant
resistance of magnitude 2.6 N on the stone. The pond is 3 m deep.

b. Find the speed of the stone when it reaches the bottom of the pond.

c. Suggest one way in which the model for the resistance of the water could be refined. (7 marks)
o) Free J,o.(.(.: down posctive,u=0,a =9%,s =6
vl = v' 4 2as
v? = o2+ 2(%.2)(1.¢)
v = 31.3¢
v = 5.4

v=8S.6ms'as ruLu:.re,J.

b) T the woter: resolve ve.rtioo.(.(.y, down positive
O.49 = 2.6 L O.4a

392 - 2.4 ¥ O.4a
.32 % O.4%a

o.M o T 3.3 o4
V=S54, a=33,5 =3, vse v =0l 42as

v = 5.4*+2(3.3)(3)

vi = 3.3 + 192

vi = SLIK

v = T.52..

TS ms™

c) ‘Leocf.m.mo.at
Let £he resctstance tacrease with the spe.e,&

of the stone, tastead of be.'ma constant

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 8 of 14



n A van of mass m kg moves along a straight horizontal road. The engine produces a constant driving
force of 2400 N and the resistance to motion is a constant 600 N. The speed of the van increases
from8ms~'to 20 ms~'in 15 seconds.

a. Show that m = 2250

When the van is moving at 20 m s™1 the engine is switched off and the brakes are applied. The van
comes to rest in a distance of 50 m. The total force resisting the motion while the van brakes is
modelled as a constant force of magnitude R N.

b. Find the value of R.
c. Find the time it takes the van to stop. (7 marks)
a)u=8,v=20,t=15,vsev=utat
20 8 +\Sa
| 2 215 -8
IS o 0.2 IS
Resolve horizanta(.(.y, F = ma

2400 - (00 m X O
1IR00 O.3m

+0.8 m 2250 +0.8

m= 2250 a9 re.iuirzd

b)u=20,v=0,s=50,use v:=u®+2as
O = 20%* 4+ 2&(50)
-400 = 100a
o = -4
F = ma: the oal y horizontal poree is R, backwards
-R = 2250 x (-«)
R = Jo00

R = 9000

o)Us’.\/=u+m‘k
O = 20 -4t
t =5

9s
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m A hot-air balloon, together with its basket and passengers, has a total mass of 450 kg. The balloon is

moving vertically downwards with a constant acceleration of 0.4 m s™2. The air exerts a constant
vertical upward force of magnitude L N on the balloon. Air resistance is ignored.

a. Find the value of L.
To slow the descent, the crew throw out a bag of sand of mass m kg. The balloon then moves with a
constant upward acceleration of 0.3 m s™2. The upward force on the balloon is still L N.

b. Find the value of m.

c. State how you have used the modelling assumption that the balloon is a particle.

) Aoce.(.e.ra.‘t:.nb downwards: resolve vertically, down positeve
4+50q - L = ysoxon
4410 - L = %0
L

L = 4230

4230

b) New mass ws (450 - m). Resolve vertically, vp posctive
L - (450 - m)y # (450 - m)(0.3)
4230 ¥ (450 - m)(1.% + 0.3)
4230 ¥ 10.(4S0 - m)
1o 4SO - m T WHB.aL. 1o

m T 3R,

m = 3\.2

¢) Particle model

ALL the Forees oct at one pount,

so the balloon does not turn and cts scze s asaore.d.
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m Two forces (3i + 2j) N and (Ai — 8j) N, where A is a constant, act on a particle Q of mass 2 kg. No
other forces act on Q. The resultant of the two forces has magnitude 10 N.

a. Find the two possible values of A.
Given that A > 0,

b. find the magnitude of the acceleration of Q,
c. find the angle between the acceleration of Q and the vector i.

Q starts from rest.

d. Find the speed of Q after 3 seconds and the distance it has travelled in that time. (9 marks)

o) Fund £he resultant en terms of A
R o= (34 A+ (2 -0)j
R = (3+ A)a - 65

Use |&] =10 weth Pythagoras
(3 4+ A)* 4+ (=¢)* = Io*
(3+A)+3¢ = 100

(3 +A)* = ¢u

3+A = g
A=5SorA=-n

b)A=5’,soﬂ=%L-‘:)o.nd Iﬂl=\0

10 2o
2 o s 2
Smso?

¢) 8 across, & down: use tan

tan B0 = 6

-
o
0 = 3¢.%..

36.9 below i

d) From rest, constant Foree: stra.iaht Line o.Lons R
v=0,a=5,t=%

v = vtat
v = O+TXRd=\T
s = ot + /oat?

s = O+/axsx3 =225
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m A crane lifts a crate of mass 300 kg vertically using a light inextensible cable. The crate starts from
rest on the ground. It accelerates uniformly at 0.5 m s™2 for 4 seconds, then moves at constant
speed for 10 seconds, then decelerates uniformly, coming to rest after a further 3 seconds.

a. Find the tension in the cable during each of the three stages of the motion.
b. Find the height of the crate above the ground when it comes to rest.

c. The cable will break if the tension in it exceeds 3200 N. Find the greatest upward acceleration the
crane can give the crate.

(9 marks)
o) Sta.se. \! resolve ve.r‘ki.co.(.(.:), vp posctive, F = ma

T1 = 3003 = 300X O.S

Ti-2940 = \s0O

T1 = 3090
Speed at the end of staae Lv=utak
v2 O+0Sx4=12
Sto.ae. 2: constant speed, so the forces balance
T2 = 3003 = 2940
5(:0.32.'520=2.,\/=O,t=3
O = 2+ 3a
_2

3
T3-3009 = 300 x (-%)

o,

T3 = 2940 - 200 = 2740

3090 N, 2940 N, 2740 N

b) ODistance in coch sto.se.: s = v+ v)t
s1 = Blo+2)(+)=u

2%X\0=20
o3 = (2 +0)(3) =23
k&&skt = 4420+ 3

62

27 m

o) Greatest tension 3200 N sivbs the 3re.o.(:o.s(: acceleration

3200 - 3003 = 300.a
300.a
0.%646...

260

o
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