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What you need to know

By the end of this topic you should be able to:

1. Model a projectile as a particle moving with constant acceleration g vertically downwards, and say what
the model leaves out: air resistance, the size and shape of the object, and any spin. Because of these, real
objects fall a little short of the model's range and height. Vector methods are not needed.

2. Use the horizontal and vertical equations of motion separately to solve problems: find the speed and

direction of the velocity at a given time or position, the range on horizontal ground, and the greatest height.
2

2u? cos? 0
where the speed of projection, the angle of projection, or both, are unknown.

3. Derive and use the Cartesian equation of the trajectory y = x tan 6 — , including problems

The "bounding parabola" (the boundary of all the points a projectile can reach) is not in the syllabus.

Understand it

The model

A ballin flight is pulled down by gravity and slowed a little by the air. The model keeps only gravity: the ball is a
particle (a point, so no size and no spin) moving freely under gravity, so its only acceleration is g
downwards, and there is no horizontal acceleration at all. In 9231, take g = 10 m s,

Limitations to quote when asked: air resistance is ignored (so the model over-estimates range and height), the
object is treated as a point (so spin and shape have no effect), and g is taken as constant.

Split the motion into two directions

The key idea: the horizontal and vertical motions happen at the same time but independently. Time t is the
only thing they share.

Project a particle from O with speed u at angle 8 above the horizontal. Split the velocity into components:

» horizontal: u cos 8, which never changes (no horizontal force);

« vertical: u sin # upwards, which changes at g downwards, like a ball thrown straight up.
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Taking x horizontally and y vertically upwards from O, the constant-acceleration equations give, at time ¢,

z = (ucosf)t, y = (usinf) ¢t — 1 gt*,

v, = ucosb, v, = usinf — gt.
Ya
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For the diagram, u = 17ms*andtan§ = £, sosinf = 12, cos§ = : the components are 8 m s across
and 15 ms™* up.

Speed and direction at any moment

The velocity at time ¢ has components v, and vy, SO

speed = 1/v2 + v2, tana = <,

x

SIS

where « is the angle the direction of motion makes with the horizontal (above it if v, > 0, below if v, < 0). The
direction of motion is always along the tangent to the path.

In the diagram, att = 2: v, = 8and v, = 15 — 20 = —5. The speed is v/64 + 25 = v/89 = 9.43 ms™,

movingattan™! 3 = 32.0° below the horizontal. The positionis z = 16, y = 30 — 20 = 10.

Greatest height, time of flight and range

At the highest point the particle is moving horizontally, so v, = 0:

usin 0 u? sin® 0 5 R
t= 7 H:T (from v, = (usin®)” — 2gy).

. . . . 1 . . ~ 2usiné
On horizontal ground it lands when y = 0 again: ¢ (usin@ — 3gt) = 0, so the time of flight is r

twice the time to the top, because the path is symmetrical. The range is the horizontal distance covered in that
time:
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2u si 2sin2
R — wcosd x usm0:u sin 9.
g g

For the diagram: time to the top i—g =1.5s H = 12—%2 = 11.25 m, time of flight3s, R =8 x 3 =24 m.

sin 20 is largest at @ = 45°, so that angle gives the longest range; angles equally far either side of 45° (such as
20° and 70°) give the same range.

The symmetry is useful: the particle is at any height below H at two times, equally spaced either side of the
time to the top, and it has the same speed at both.

The equation of the trajectory

Remove t from the two displacement equations. From the horizontal one, t =

; put this into the vertical

U COS
one:
= usinf z —1 ( m )2—:1:tan9— ng
y= ucosf 2g wcosf/ 2u2cos2f’

This is the Cartesian equation of the trajectory: a parabola, and it is in MF19 (written there with V' for the

-1

—5 = sec’ § = 1 + tan® 6 gives the form you need when the angle is unknown:

speed). Using

2
y=axtanf — %(1+tan29).
u

For the diagram: y = £z — 212—%1 = 2z — Z2” Check: z = 16 gives 30 — 20 = 10, the same point as
before.

Two uses:

« A known point on the path gives an equation linking v and 6. With u known, the second form is a
quadratic in tan 0, so there are usually two angles that send the particle through the point: a steep one
and a flat one.

d x v
» Differentiating gives the direction: Y _ tanf — 9T is the gradient of the path, which equals —£.
dx u2 cos? 6 N
Forthe diagram, atz = 16: 12 — 1% x 16 = —32, matching 2.
Ya
8=73.7°
(20, 5)
0~=30.4°
fence
b P X
@) 21.6 34.9
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The second diagram shows the two angles for one point, the top of a fence (Example 2 works it out). Angles
between the two send the particle over the fence; angles outside them hit it.

Key facts and formulas

"Given" means itis in the MF19 list of formulae in the exam. "Learn it" means you must remember or derive it.
Take g = 10 m s? unless told otherwise.

Formula Status
v=u-+at,s=ut+ jat’, v’ = v’ + 2as, s = §(u+v)t Given
Components attime t: v, = ucosf, vy = usinf — gt Learn it
Displacements: z = (ucos6)t, y = (usin )t — 3gt* Learn it
2 .
: gz Given
Trajectory: y = xtanf — —————
J y-y = ztan 2u? cos? 6
1+ tan®6 = sec® 0 Given
2 .
T
Trajectoryintan6:y = x tan 6 — % (1 + tan®0) Learn it
Uu
v .
Speed = 4/v2 + vz; direction tan o = v_y Learn it
x
d .
Gradient of the path = — 2% Learn it
dr v,
usin 6 u?sin? 6 i
Time to greatest height : greatest height H = g Learnit
g
inf u? sin 26 i
Time of flight on level ground ;range R = — Learn it
Two directions are perpendicular when v;1v,2 + vy1vy2 = 0 (gradients multiply to —1) Learnit

Derive H, R and the time of flight in a line or two rather than just quoting them: examiners have seen
memorised formulas mixed up, such as the time to the top used as the time of flight.

Howtodoit

In the Paper 3 questions we have tagged for this topic (41 questions, 2021-2025; 13 of them repeat a question
from another paper of the same session, so there are 28 different questions), the types came up this often. 23
of the 41 questions mix two types, so the counts add up to more than 41. Some start with a particle movingin a
circle or end with an impact; those parts belong to Circular motion and Momentum, and only the projectile part
is counted here.

Question type Questions
Velocity at a time or point: speed and direction 16
Using the trajectory: unknown speed or angle through given points 12
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Question type Questions
Greatest height, time of flight and range 12

Two projectiles that meet or land together 7
Projectile after leaving a circular path 7

A new flight after an impact 7

Deriving the equation of the trajectory 3

1. Velocity at a time or point: speed and direction (16 questions)

1. Write both components at time t: v, = u cos § and v, = usin  — gt. Draw a small sketch with the
directions marked.

v
2. Speed = , /v2 + v2. Direction: tan a = [vy| , then say "above" or "below the horizontal" from the sign of

T
Vy.-

3. Given a position instead of a time, first find ¢ from xz = (u cos 0)t, oruse % from the trajectory equation.

Variations you will meet:

« "The speed after ¢t seconds is k." Square and add, set equal to k?: (u cos §)* + (usin @ — gt)? = k?
simplifies to u? — 2gtu sin 6 + g?t*> = k2, an equation in v and sin 6.
« "Moving at angle « to the horizontal" (for example "at 50° below"): write B _ _ tan 50°, with the
Uz
minus sign because it is moving downwards. This gives t, or an unknown speed.

« Direction at a given angle with the vertical. "Makes 40° with the downward vertical" is the same as 50°
below the horizontal; draw it before writing the ratio.

+ Two directions perpendicular (at two times, or a later direction perpendicular to the direction of
projection): the scalar product of the two velocities is zero,

Uz1Usz2 + Vy1Vy2 = 0.

Since v, never changes, this is (u cos 0)% + (usin @ — gt )(usind — gt,) = 0. For a later velocity

perpendicular to the initial one (t; = 0), it simplifies to u> — gtusinf = 0,sot = pry

« "Moving atless than 45° to the horizontal" (a set of x or t): the path is steeper than 45° near the start
and near the end, so solve % =1land % = —1 and take the z-values between them. For the path in the
first diagram, % = 18—5 — %x = +1givesxz = 5.6 and £ = 18.4, so the direction makes less than 45° with
the horizontal for 5.6 < = < 18.4.

« Before hitting the ground ("a given time before it lands"): find the time of flight first, subtract, then find the

components.

2. Using the trajectory: unknown speed or angle through given points (12 questions)

1. Write the trajectory equation in the form that suits: the cos? 8 form when 6 is known, the (1 + tan? 6)
form when 6 is unknown.
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2. Substitute the point (z, y) it passes through, and g = 10.

3. Solve:

o @ known, u unknown: a simple equation for u2;

o u known, 8 unknown: a three-term quadratic in tan 8. Give both roots; each is a possible angle.

Variations you will meet:

+ Atan-ratio angle such as tan § = 32: draw the right-angled triangle to get sin 6 = 12, cos 6 = 2 exactly,
rather than using a calculator angle.
g

2 2

. Each
u? cos? 0

« Two points, both © and # unknown. Write the trajectoryas y = x tan § — kz? with k =
point gives a linear equation in tan 6 and k; solve them, then find « from k& (Example 3).

« Anobstacle or wall of height h at distance d:
o "just clears" means the path goes through (d, h): two values of tan 6, so two angles;

o "clears" meansy > hatx = d: the angles between those two;

u? sin 260

5 gets smaller the further 0 is from

o tofind the least range for angles that clear it, note that R =
45°, so work out R at both end angles and take the smaller.
» Abarrier the particle must hit at unknown distance D: it hits a barrier of height hif 0 < y < hatx = D.
Solve y = h (two roots, one going up and one coming down) and y = 0 (the range). If the barrier is beyond
a point the particle is known to pass on its way, only the coming-down part counts, so D runs from the
larger root of y = h to the range.

+ Two speeds for the same obstacle ("with speed u it just clears; with speed us it reaches only part of the
height"): write one trajectory equation for each speed at the same z, link the y-values, and solve for tan 6
first.

+ The particle starts elsewhere (after leaving a string, or from a cliff): put the origin at the starting point and
measure x and y from there. A point below the start has negative y.

3. Greatest height, time of flight and range (12 questions)

1. Greatest height: set v, = 0to get the time, t = %’“9, and use 'v; = (usin)? — 2gy with v, = 0 for H.
2. Time of flight on level ground: set y = 0 and take the non-zero root, t = %’.

3. Range: horizontal speed x time of flight, or sety = 0 in the trajectory equation: z (tan 6 — 5—%=>7) = 0

u? cos? 0
20’ sinfcosf __ u®sin20

g g

givesx =
Variations you will meet:

« Two times at the same height h that differ by At: by symmetry they sit %At either side of the time to the
top. Find the time to the top, add %At, and substitute into y = (u sin §)t — %gt?

« Falling a distance from the top: from the highest point the particle falls from rest vertically, so in time 7 it
drops 3g72.

« Greatest height from the trajectory: the top is halfway along the range, so put x = § into the trajectory
equation.
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Answers in terms of 0: leave H and T as expressions such as H = 45 sin? # when u = 30, then use
them in later parts.

From a cliff or above the ground: the landing point has y = — (height of cliff), so the time comes from a
quadratic; take the positive root.

Motion from a start moving horizontally (thrown horizontally, or leaving the top of a curve): v, = 0 atthe
start, so the vertical fall in time ¢ is 1 gt.

4. Two projectiles that meet or land together (7 questions)

1. Write each particle's x and y at time ¢, with its own start point, speed, angle and start time. If one starts a

second later, its time ist — 1 (orthe other'sis t 4+ 1). Check which particle has which time.

2. They collide when both coordinates are equal at the same instant: set the x-expressions equal, and the y-

expressions equal.

3. Solve the two equations together for the unknowns (a time, a speed, a distance).

Variations you will meet:

Same vertical start and same start time. If both leave the same height together, equal heights at the
meeting time ¢ give (usin 0)t — 3gt> = (wsin )t — 1gt?, so usin @ = wsin B3: they have the same
vertical velocity component all the way.

One above the other, a distance d apart vertically: the x-equations force equal horizontal components;
the difference of the y-equations gives d. A particle projected at angle 3 below the horizontal starts with
vertical component —w sin 3, so its height is d — (w sin 8)t — 3 gt*.

"Land at the same point at the same time" where the second is launched later: its range equals the
first's range, minus any horizontal distance between the start points, and its time of flight is what is left of
the first's.

Moving target (a model plane flying horizontally at constant speed): its z is start + speed x time and its y
stays fixed.

5. Projectile after leaving a circular path (7 questions)

The circular-motion part (energy and Newton's second law to find where and how fast it leaves) belongs to the

Circular motion topic. The projectile part starts at the point where contact is lost:

1.

The starting velocity is along the tangent to the circle at that point, so perpendicular to the radius. If the
radius makes angle a with the vertical, the velocity makes angle o with the horizontal.

. Splitit: v cos a horizontal and v sin « vertical (up or down, depending on which side of the circle).

: 2
. Continue as a projectile: greatest height ﬁ% above the leaving point if it is moving upwards; the

vertical speed on reaching the ground from v2 = (vsin a)? 4- 2g x (drop) if moving downwards.

. Heights are measured from wherever the question asks: add the height of the leaving point above that

level (for example a cos a above the centre).

. Angle of impact with the ground: tan 5 = ‘—Zy—‘ where v, = v cos « is unchanged.
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A second approach, useful when a speed is given at the ground, is energy for the whole motion; the horizontal

component still stays at v cos a.

6. A new flight after an impact (7 questions)

The restitution rule belongs to the Momentum topic; the projectile side is:

1. Find the velocity components just before the impact, from the motion so far.

2. Apply the impact, with e the coefficient of restitution:

o smooth vertical wall: horizontal component reverses and becomes e times as big; vertical component
unchanged;

o smooth horizontal ground: vertical component reverses and becomes e times as big; horizontal
component unchanged;

o smooth inclined surface (a barrier or plane at an angle): resolve the velocity along and
perpendicular to the surface instead. The component along the surface is unchanged; the
perpendicular component reverses and becomes e times as big.

3. Start a new projectile from the impact point with the new components.

Variations you will meet:

"Explain why the time of flight is unchanged" when a vertical wall is added: the wall doesn't change the
vertical component, and the vertical motion alone decides when it lands.

Time to the wall and back: distance <+ horizontal speed each way (d + u cos 0 there, d -+ eu cos 6 back);
their sum equals the time of flight ZUST}‘”’.

Striking a surface when moving horizontally: at that moment v, = 0, soitis at its highest point, H =
% above the start.

Striking an inclined surface at right angles. If the direction of motion is perpendicular to the surface (for
example moving at 40° below the horizontal onto a barrier inclined at 50° to the horizontal), there is no
component along the surface, so it rebounds back along the same line with e times the speed. Then split
that speed into horizontal and vertical components (here at 40° above the horizontal, heading back the
way it came) and start the new flight from the impact point, whose height you found earlier.

Striking an inclined surface at another angle. Resolve along and perpendicular to the surface, apply the
rule, then recombine the two new components into horizontal and vertical ones (or use the angle they
make with the surface) before starting the new flight. If the question says the rebound is vertical, the ratio of
the new components fixes e or the angle of the surface.

2
Speed and height after bouncing on the ground: new speed /v2 + (ev,)?; next greatest height %.

7. Deriving the equation of the trajectory (3 questions)

1. Write z = (ucos @)t andy = (usin6)t — 3gt*, each onits own line.

2. Make t the subject of the first: ¢t = z .
u cos )
3. Substitute, showing the substitution, and simplify: y = x tan 6 — %
2u? cos* 0
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4. If the answer is asked with sec®  or (1 + tan® §), replace —4 with sec” § = 1 + tan® 6 as a separate line.

It is a "show that", so every line matters: quoting the MF19 equation earns nothing here.

Worked examples

The bold codes show where marks are earned, as in Cambridge mark schemes. The number is how many
marks.

+ M1 method mark: for a correct method, even if the numbers slip.
e A1l accuracy mark: for a correct answer; it needs the M mark before it.

« B1 mark for a correct result on its own, with no method needed.

Example 1

A particle is projected from a point O on horizontal ground with speed 39 m s* at an angle 6 above the
horizontal, where tan 8 = % It moves freely under gravity.

(a) Find the greatest height reached and the range on the ground. [4]
(b) Find the speed and direction of motion of the particle 5 s after projection. [3]
(c) Find the length of time for which the speed of the particle is less than 25 m s™. [3]

(a)sinf = % cosf = % so the components are 39 X % = 15 m s™ horizontally and 39 x % =36ms™

vertically. B1

Atthetopv, = 0:0 = 36 — 20H,so H = 64.8 m. M1LA1

Time of flight: 36t — 5t> = O givest = 7.2s, sotherangeis 15 x 7.2 = 108 m. A1
(b)Att = 5:v, = 15andvy, = 36 — 50 = —14.B1

Speed = v/152 + 142 = /421 = 20.5ms*. M1

Direction: tan~! 22 = 43.0° below the horizontal. A1

(c) Speed less than 25: 15% + (36 — 10t)? < 25%,s0 (36 — 10t)? < 400. M1

—20 < 36 — 10t < 20gives1.6 <t < 5.6. Al

Sothe speedislessthan25ms*for5.6 — 1.6 = 4s. Al
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Example 2

A ball is kicked from a point O on horizontal ground with speed 20 m s at an angle 6 above the horizontal. A
fence of height 5 m stands 20 m from O, in the vertical plane of the ball's motion.

(a) Show that, for the ball just to clear the fence, tan? 6 — 4tan + 2 = 0, and find the two possible values of
0. [5]

(b) Find the set of values of 8 for which the ball passes over the fence. [1]
(c) For the smaller angle in (a), find how far beyond the fence the ball lands. [3]
(a) Trajectory with g = 10, w = 20,and T = tan 6:

1022

— 2T —
Y= T 9400

2
(1+T?) = 2T — = (1 +T?).
80
M1 for the trajectory equation with sec? § = 1 + tan2 6.

At (20,5): 5 = 20T — 5(1 + T?). A1 Rearranging, 5T% — 20T + 10 = 0,s0 T2 — 4T + 2 = 0. Al (the given
answer, every step shown)

T=2++2,300=tan"(2++/2)=73.7"0orf = tan"'(2 — /2) = 30.4°. M1 A1

(b)Atx =20,y — 5 = —5(T2 — 4T + 2), which is positive between the roots, s0 30.4° < 6 < 73.7°.B1
(The second diagram in "Understand it" shows both paths.)

(c)Puty =0:z = M1WithT =2 — /2,1 +T2=7—4+/2,s0

1472

80(2—/2)  80(6 +/2)
742 17

Itlands 34.89 — 20 = 14.9 m beyond the fence. Al

=34.89... m. Al

€r =

Example 3

A particle P is projected from O with speed u at angle 8 above the horizontal and moves freely under gravity.
At time t its horizontal and vertical displacements from O are z and y.

2
X
(a) Derive the equation of the trajectory in the formy = z tan 8 — g2 sec?6.[3]
2

u?
P passes through the points (2, 5) and (8, 8), in metres.
(b) Find tan 8 and the exact value of u. [5]

(c) Find the greatest height of P above O. [2]

(@)z = (ucosf)tandy = (usinf)t — 19t B1

From the first, t = . Substituting: M1

T
os 6
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1 z? gxz?
= usiné - — —g——— =ztanf — Z—sec’f. A1l
y ucos @ 2gu2 cos? 6 2u?
sec2 0
(b) Write y = x tan 6 — k2%, where k = J SCR M1

(2,5):5 =2tan6 — 4k. (8,8): 8 = 8tanf — 64k. Al for both.
Multiply the first by 4: 20 = 8 tan 6 — 16k. Subtract the second: 12 = 48k, so k = i andtanf = 5%1 =3.

M1A1l

10 x 10
2u?

sec’0=1+9=10,s01= givingu? = 200 and v = 10v/2 ms™. Al

(c) The trajectory is y = 3z — 1z, whose top is where % =3—1r=0s0z=6M1

— — . ulsin2f _ 200xL
H =18 — 9 = 9m. A1 (Check: 529 =2 =9)

Example 4

Points O and C' are on horizontal ground, 52 m apart. A particle A is projected from O towards C with speed
29 m s™ at angle « above the horizontal, where tan o = 3—[1) At the same instant a particle B is projected from
C towards O with speed w m s at angle 3 above the horizontal. Both move freely under gravity in the same
vertical plane and collide 1.6 s later.

(a) Explain why w sin 8 = 21. [2]

(b) Find w and 3. [4]

(c) Find the height at which they collide, and state whether they are rising or falling at that moment. [3]
(a)sina = % cosa = % so A has components 20 across and 21 up. B1

Both start at ground level at the same time, so at the collision 21t — 5t2 = (w sin ﬂ)t — 52 witht = 1.6,
which gives w sin = 21. B1

(b) Horizontally, the two distances add up to 52: 20 x 1.6 + (w cos ) x 1.6 = 52. M1

32+ 1.6wcosf =52,sowcos P = 12.5. Al

21
w = 12.52 + 212 = /597.25 = 24.4ms*and f = tan ' o5 = 59.2°. M1A1

(c) Height =21 x 1.6 — 5 x 1.6% = 33.6 — 12.8 = 20.8 m. M1 A1l

Vertical velocity of each: 21 — 10 x 1.6 = 5 > 0, so both are still rising. B1

Common mistakes

usin 0

« Mixing up time to the top and time of flight. Candidates who quote memorised formulas often use =

for the whole flight. Derive it: y = 0 for landing, v, = 0 for the top.
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Losing the sign of a downward velocity. A particle moving downwards has v, < 0. Writing +14 instead
of —14, with no sketch, gives a wrong direction. Draw the velocity and say "below the horizontal".

Using the displacement instead of the velocity for the direction of motion. The direction comes from
% (or %), not from *;i Examiners report this most for the "perpendicular directions" questions.

Setting the gradient product to +1 for perpendicular directions. It is —1, or equivalently the scalar
product of the velocities is 0.

Quoting the trajectory in a "derive" question. When the question says derive or show, start from z =
(ucos@)tandy = (usin @)t — 3 gt* and show the substitution for ¢.

Keeping only one root of the quadratic in tan 8. Both angles usually work; give both unless the question
rules one out.

Using the vertical equations when the horizontal ones are needed (and the other way round) when
two particles collide: equal z and equal y are two separate facts; each part of the question usually uses
one of them.

Giving the wrong particle the extra second when one is projected later. Write down which time goes with
which particle before forming equations.

Wrong starting point after leaving a circle. Find the coordinates of the leaving point relative to the origin
you chose; examiners suggest a diagram to get these right.

Not taking 0 between the two roots for "clears the wall". The steep and flat angles are the limits; the
answer is the interval between them.

How to get the marks

Show both components before using them: v, = u cos § and v, = usin 6 — gt each earn a mark in
many schemes, and later method marks need them.

"Show that" and "derive": the answer is printed, so every step must be visible, including the substitution
for t and the step 5:2_0 = 1 + tan? 0. The last mark goes only when every earlier step is there.

"Use the equation of the trajectory": start from the MF19 equation with the numbers substituted. A
method that avoids it can lose the marks when the question names the method.

A quadratic in tan 6: mark schemes want a three-term quadratic set equal to 0 before solving, and both
roots.

Directions: give the angle and say above or below the horizontal. An angle alone is often marked
incomplete.

"In either order" means you may find the two unknowns in any order; both are needed.

"Exact" means surds and fractions (such as u = 10+/2); otherwise give 3 significant figures, or 1 decimal
place for angles in degrees.

Intervals from "clears" or "hits the barrier" can usually be given with < or <; state both ends.

Draw a diagram: examiner reports repeatedly say the best answers had a labelled sketch of the path,
which prevents sign errors and wrong starting points.

Method marks follow through: an earlier wrong value used correctly still earns later method marks, so
keep going.
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Quick check

1. A stone is thrown horizontally with speed 12 m s* from the top of a vertical cliff 45 m above the sea. Find
how far from the foot of the cliff it hits the sea, and its speed and direction just before it does.

2. A particle is projected from the top of a high cliff with speed 26 m s at angle 8 above the horizontal, where
tanf = 15—2 Find the time after projection when its direction of motion is perpendicular to its initial direction.

3. A particle projected from O on horizontal ground has trajectory y = %.’E — %:ﬁ (metres, g = 10). Find its
speed and angle of projection, its range and its greatest height.

4. A ball hits horizontal ground moving with velocity components 12 m s™ horizontally and 16 m s*

downwards. The coefficient of restitution is 0.5. Find its speed just after the bounce and the greatest height
of its next flight.
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Answers

1. Vertically from rest: 45 = 5t2,sot = 3's. Distance = 12 x 3 = 36 m. Atthe sea vy = —30, so speed =

V122 + 302 = /1044 = 32.3ms?, attan! % = 68.2° below the horizontal.

2. Components 26 x 3 = 24and 26 x — = 10. Perpendicular: 24 x 24 + 10(10 — 10t) = 0,0 676 =

100tandt = 6.76s. (Ort = —%—- = —26_ — 6.76.)

gsinf 10><%
3.tanf = },500 = 18.4" and cos’ 0 = ff. 7i%% = g; givesu’ = 500, u = 10v/5 = 22.4ms”. Range:
y = 0 gives z = 30 m. Greatest heightatx = 15:5 — 2.5 = 2.5 m.
4. After the bounce the components are 12 and 0.5 x 16 = 8 upwards. Speed = /144 + 64 = /208 =

14.4 m s*. Greatest height = % =3.2m.

Past questions to try

9231/33/M/J/24 Q6: speed after a given time and perpendicular velocities, both unknowns found.

9231/33/0/N/24 Q1: unknown speed from two points at the same height on the trajectory.

9231/32/M/J/23 Q7: greatest height and time in terms of 8, then speed at a later time.

9231/32/M/J/22 Q7: two particles projected from a cliff one second apart that collide.
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