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n A ball is thrown horizontally with speed 12 m s~ froma point O at the top of a vertical wall. The

point O is 19.6 m above horizontal ground. The ball is modelled as a particle moving freely under
gravity.

a. Find the time taken for the ball to reach the ground.

b. Find the horizontal distance from the foot of the wall to the point where the ball lands.
c. Find the speed of the ball just before it hits the ground.

19.6 m h

) Ve.r'(::.c.a(.(.y (down pos:.k:.vc.): v=0,a=1%,s =116
= |
S = ute —at?
2

¢ = O+ 4.9¢2
tr =y

t=2¢

b) Hor:.zon{:o.(.(.j: constant speed 12

x = \2X2

X =24 m

¢) Vertical ve.(.oc.:.tj on (..od\d.i.l\s
vy = vtat=0+9%x2
v_d = 19.¢
Horczontal velocck yesstulliz
speed = L (122 +19.62)
speed = I s28.6

speed = 22.9%l..

23.0m sl

(5 marks)
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n A particle is projected from a point 0 on horizontal ground with speed 20 m s™1atan angle of 30°
above the horizontal. The particle moves freely under gravity.

Find
a. the greatest height of the particle above the ground,
b. the time of flight,

c. the horizontal distance from 0 to the point where the particle lands. (6 marks)

Splik the ve.(.oc.'\tv ento components
°
horizontal: 20 cos 30 = 17.320...

(~)
vertical: 20 sen 30 = 10
) Ve.rticmLLJ (up posctive): v=10,v=0,a =-92

vl = v 4 2as

o = 10%-2(9.9)s
s = 100

6
s = 5.1020..

S.I0Om

b) \/wtioa(.(.:): Lands when s = O
O = |10t - +.9t*
O = t(10 - 4.9¢t)

t = '_01({:¢o)

£t = 2.0408..

2.04 ¢

) Hor:.ZoAto..L(.JZ distance = speed % time

x = 17.320... % 2.040\...
x = 39.3%47...

3.3 m
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n A small stone is projected from a point on horizontal ground with speed 25 m s™latan angle a
3

above the horizontal, where tan o = "

The stone is modelled as a particle moving freely under gravity.

a. Find the speed of the stone 2 seconds after it is projected.

b. Find the direction of motion of the stone at this time.

tan X = 2. a3, 4,5 trean

“

sin X

cos X

7Y
horczontal: 25 x —

S

vertical: 25 % i

S

3(.!.

"
5 W+f a|e

\S

o) Ve.r'k;.c.a(.(.j (vp posatave.)t v=\S,a=-19%,t=2

\/__J = vutat
V—J = \g-98x2
v_y = -4.6

The horczoatal ve.(.oc'\f:’ stm:’s 20

speed = [ (207 + 4.4?)

speed = w2116
speed = 20.522..

20.9 m 5"\

b) Movina downwards, so the direction is below the horizonkal

kan O = 4.6
20

o

6 = 124952...

Q
13.0 below the hortzontal

(6 marks)
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n A stone is thrown from a point O at the top of a vertical cliff. The point 0 is 30 m above the sea. The

stone is thrown with speed 15 m s~ atan angle of 40° above the horizontal, as shown in the
diagram. The stone hits the sea at the point S.

The stone is modelled as a particle moving freely under gravity.
a. Find the time taken for the stone to travel from O to S.

b. Find the distance from the foot of the cliff to S.

30m \

Components
o
vertical: 1S sca 4O = 9.64In...

[~
horczontal: IS cos HO = W.490...
o.) V@r‘t&om(.(.:} (up pos:.t:.ve.)I Sts 30 mbelow O, s0 s =-30
S
2
-30 = 9.6w8..t - 4.9¢*

4. 9t* - 1.641%..£ -30 = ©
Guvadratic J,ormu(.o., take the positive root
g = 1éwms. + L (ewn.r + 4 x 4.9x% 30)

R
L., + 26.095...

AR
t = 3.64¢6..

t

345 s
b) Hor:.zw\fo.(,tj

x = W490.. X 3.¢466...

x

$\.902...

(6 marks)
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W.9 m

a A golf ball is hit from a point A on horizontal ground. It leaves the ground with speed U m s~ atan
angle of 35° above the horizontal and first lands at the point B on the ground, where AB = 80 m.

The ball is modelled as a particle moving freely under gravity.
a. Show that U2 sin 35° cos 35° = 392
b. Find the value of U.

c. Find the time the ball takes to travel from 4 to B. (7 marks)

o) Lek the tume of oc(.:.aht be T
Ve.r'(::.c.o.(.(.d (v posi{:i\/e)l ba.ck to ground Level, s =0
°
O = Usin3S X T-49T*
°
T = Usin3S

(T #0)
4.9

Horazoﬁtmttv

°
Ucos 35 X T = 0
Substitute For T

o

UcosSSoxM = 80

.9
[~} o
U2 stn 35 cos 35 = %0 x 4.9

[~ [
U sen 35 cos 35 = 2392

b) Ko.«rrmnne.

Ut = 392
- °
sinh 35 cos 35
U* = 834.3)...

U = 2%.a84..

U=28.14

c) Use T From po.r(: o
[~
T = 23.8%4.. X sin 3§
4.9

T = 338

3.32 ¢

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 6 of 18



n A ball is thrown from a point O on a balcony, 25 m above horizontal ground. The ball is thrown with
speed 18 m s~ atan angle of 30° below the horizontal, as shown in the diagram.

The ball is modelled as a particle moving freely under gravity. Find

a. the vertical component of the velocity of the ball just before it hits the ground,

b. the time taken for the ball to reach the ground,

c. the speed and direction of motion of the ball just before it hits the ground.

25m N

(8 marks)
Toke JOWN os pos:.k:.vb ve.rk:.c.o.(.(.:)

(~
vertical: \8stn30 = 9

horizontal: \D cos 30° = IS.5%%...
Wu=9,a=19% =125

vl = u® 4 2as

v: = 1%+ 2(4.9)(25)

vi = B1+490 =57

v = 23.995...

223.9 m o7\ downwards

bDv=vtat
23.895... 7+ 9.9¢

t = 4.99s...
12

1.5194...

t

.52 ¢

¢) Combine the components

speed. = {TOsse..2457)
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speed = L (243 +45n) =1 2n

speed = 2%.530..

tan & = 23.8%s...
IS.Sa8...

O = 5689

29.5 mslak 5".‘10 below the horizoatal

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 8 of 18



A particle is projected from a point 0 on horizontal ground with speed 14 m s™1atan angle a above

the horizontal, where tan o = 4

At time t seconds the particle is x metres horizontally and y metres vertically from 0. The particle
moves freely under gravity.

a. Show thaty = Ay -2
3 72

b. Use your answer to part (a) to find the horizontal distance from 0 to the point where the particle
lands.

c. A vertical wall of height 5 m stands 15 m horizontally from 0, in the plane of the motion.
Determine whether the particle passes over the wall.

5m

15 m
(9 marks)

ton X = %I a3, 4,5 tru.as(.e.

sin X =

cos X =

Al alf

horc2ontal: \4 X % =

&+
T

4 =
vertical: 14 x — .2
s

o) Wrike x and Y in terms of t
x = a.ut
y = w2k - 4.9¢*
Eliminate t
t = 2
.4

= x _ X V2
J = na( o ) - wa( = )

- L] "}.1.&7'
g= 2,2
3 T70.5¢

robinsontuition.com/a-level-maths-topics | free AS and A-level maths worksheets with hand-written solutions | Robinson Tuition Page 9 of 18



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

Tuition

= 2 =2
J 3 —
“~ .5 .
= —x- —x
J~ 3 12

b) Lands when y= o
- ] S
O = x(—- )

3
ix = i(x,?‘-'O)
T2 3
x = % 12
3 S
x=192m

) He.;.bkt when 2 =15

- s

= 20%)- 2 (15%)
J 3( ) '72(
3 = 20 - \S.625

J = 4.37S
%375 &S

no, vt does not clear the wall
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n A girl throws a ball from a point 4, 1.5 m above horizontal ground. The ball leaves A with speed U m

s™1atan angle ot above the horizontal. The highest point reached by the ball is 4 m above the

ground, and at this moment the ball has travelled 12 m horizontally from A.
The ball is modelled as a particle moving freely under gravity.
a. Show that Usina =7

b. Find the value of U and the size of the angle a.

o.) \/e.rt:.ca.(.(.d (up posa.tu/t.) from A o the kop: rse =% =-1.L5=2."5
v=Usin X, v=0,a=-91%3,s =25

vt = v+ 2as

O = (U sin ¥)* - 2(4.8)(2.5)
(U sen 0)* = w49
Usin X =1
b) Time to the top:v=u+at
o = 7-19at
k= 7 S

1.9 7
Horizon'l:o.(.(.y: 1Z m en thes time

UoosO(K% =12

Ucos X = 16.8

Combine the two components
u* = 7% +16.%*
U* = 33124

U = \%.2
bonX = 1 _ S
16.% 2

(8 marks)
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o
X = 22.01...

U=182, = 1z.c°

n A firework is launched from a point on horizontal ground with speed 24.5 m s™latan angle of 60°
above the horizontal. The firework is modelled as a particle moving freely under gravity.

a. Find the length of time for which the firework is at least 15 m above the ground.
b. Write down the least speed of the firework during its flight.

c. Find the speed of the firework when it is 15 m above the ground. (8 marks)

Compol\emks
[~
vertical: 24.9 sen 60 = 2\.217...

°
horizontal: 24.5 cos 60 = 12.25
o) Ve.rtu.o.(.(.:) (vp posctive): Find wheas =15

\S = 2:.217..¢ - 4+.9¢*
4.9€t2 - 21.2\7..t+\s = O

£ = 2272 (2120072 - w(w.1)0s))

1.2
£ = 21.2\7.. T2.497..

9.2
t = 0.9%9%0... or 3.4%40ON...

Pbove \S m between £he two times

3.4404... - 0.2%980... = 2.550°S5...

2.5 s

b) Least spe.e.d. ot the topi vertical \/e.(.oc:.tj is O

12.29 m s\

) Vertical veloccty ak \S mi v: = 0% + 2as
vyt = a2t - 2(4.8)(15)
voyh = 4S50.1I97S - 294 = \5¢.I87S
speed” = 12.25* +156.1%7S
speed” = 306.25

speed = 17.S m 57|
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m A ball is projected from a point 0 on horizontal ground with speed 14 m s™1atan angle a above
the horizontal. The ball passes through the point P, which is 10 m horizontally and 4 m vertically
from 0, as shown in the diagram.

The ball is modelled as a particle moving freely under gravity.

5

a. Show that the time taken to reach P is seconds.

b. Show that 5 tan® a - 20 tan a + 13 = 0
c. Find the two possible values of a.

d. For the smaller value of o, find the time taken for the ball to reach P.

14ms/.P

4m

10 m
(10 marks)
o.) Horizontmttji constant sp'.!.d. \4 cos X
\+cos XX &€ = \O
[o} _ s
14 cos X T cos X
b) Vertically (vp posctive)
4 = \4eia X R E -1 982
Substitute t
- S 1S
% = \4oen XX —_ -4 9%
T cos X %49 cos? X
4 = \O tan X - 2.5 sec? X

Use sec* X =\ + tan* X

t=

4 = \OtanX-2.95-2.5 tan* X
2.5 tan? X -10tan X265 = O

Stan2X-20tan X +\3 =0

¢) Qvadratic Formula cn ton X
tonx = 20 =1 (400 -2¢0)
\o
tonot = 20T w0
10
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tan X = 2.1932.. or O.RICTY...

()

(~)
X = T72.5¢0... or 39.24\...

5 S
X=72.6 or X =392
d) Use pmr{: o with X = ‘.*>‘1.2.'-H...'>
t = s

T cos ﬁ.?.'-}\...
t = 0.9222¢..

©

0.922 ¢
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m A footballer takes a free kick from a point K on horizontal ground, 25 m from the goal line. The ball
leaves the ground with speed 22 m s~ atan angle of 25° above the horizontal, in a vertical plane

perpendicular to the goal line. A line of defenders stands 9.15 m from K; they jump to a height of 2.2
m. The crossbar of the goal is 2.44 m above the ground.

The ball is modelled as a particle moving freely under gravity.
a. Show that the ball passes over the defenders.
b. Determine whether the ball passes under or over the crossbar, and by how much.

c. State one limitation of the model that could affect your answer to part (b).

————

25m

(8 marks)
Compone.nts

[~
horczontal: 22 cos 25 = 19.938...

o
vertical: 22 sin 25 = 1.2976€...

m) Time to travel LIS m kor&.zol\‘ko.(.(.d
t = s

19.93a...
Hzish‘k ot this time

y = 9.297¢...(0.45890...) - w.9(0.45890...)"
y = 4.2467.. - \O3NA...

= o.45890...

J = 3,234%...
3.23 > 2.2

the ball passes over the de cenders

b) Tume €o trovel 25 m hor&zw\‘k«(.(.:,
£ = 29
193

1.297¢...(1.2538...) - 4.9(\.253%...)*
\W.¢S7... = 7.7032...

=\.253%%..

Ce <<«
([
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y = 3.9543...
2.9543... - 2.44 = I.SI43...

over the crossbar bj .Sl m
c) A Limitation

acr resistance (or spen) cs ianore.d.
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m A small stone is projected from a point O at the top of a vertical cliff. The point O is 45 m vertically

above the point N on horizontal ground. The stone is projected with speed U m s™'atan angle o

above the horizontal, where tan o = % The stone hits the ground at the point B, where NB = 60 m,

as shown in the diagram.

The stone is modelled as a particle moving freely under gravity.
a. Show that U = 17.5
b. Find the length of time for which the stone is higher than 0.
c. Find the speed of the stone just before it hits the ground.

45 m \

60 m

tan0(=iisi.h0(=i,c.050(=
Y s

w|e

iU = 0.AU
S

vertical: %U = o.«U

o) Let the time From OtoB e T. Hor:.zonto.(.(.di
OR_AUX T = €O

horczontal:

T = 19
U
Vc.r‘l‘:u.o.(.(.:) (up posctive): B s 4s mbelow O
-45 = 04U X T - w972
45 = ggux 2 -y 9T
U
-4S = 45 -497*
T2 = %0 _ o0
+1 49
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-

75+ 22
-

V)

U=\T75

b) Verkical component 0.6 x 1.5 =10.5. Back Level with O wheas =0

O = 0.5t - 4.9¢2
t = 0.5 IS

4.9 7

IS
— s =214 ¢

OAeB® £=32
=

V-9 T 1o.5-18x 20

=
10. - 42 = =3\.§

I<
[
"

V_x = OAXINLT =14
speed = (a2 + 20.52)
speed = [ 18825
speed = BHUT..
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