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DISPLACEMENT-TIME GRAPHS

Akhtar Mahmood (0333-4281759)
M.Sc.(Physics), MCS, MBA-IT, B.Ed.
MIS, DCE, D AS/400e(IBM), OCP(PITB)
teacher_786@hotmail.com

The graph of velocity against time for an object
moving in a straight line is shown.
velocity Q= O

Which of the following is the corresponding graph of
displacement against time?

displacement

displacement

B DAl
0 Al Iy
0 time
A
displacement 4 Na
=C GwedsoL 4,
® qediet |
v
0 | | Ly
0 time
displacement 4 X
b v
P
0 | [
0 time
(0.9/712/12)

At time t = 0, a body moves from rest with constant
acceleration in a straight line. At time t, the body is
distance s from its rest position. A graph is drawn of s
against t*, as shown.

S

G liy + -t

- (Lol
A

Q P 2 (%} ZQ(MJ‘/

0 e
0 t2

Which statement describes the acceleration of the
body?
A It is equal to half the value of the gradient of the

graph.
B It is equal to the value of the gradient of the graph.
©It is equal to twice the value of the gradient of the

graph.
D It is equal to the reciprocal of the gradient of the

graph.

{0.8/J13/13}

A car at rest in a traffic queue moves forward in a
straight line and then comes to rest again. The graph
shows the variation with time of its displacement.

70 2
S/m y
0 /
50 ‘NE&K// adad o S@K‘A
/ -76 -.?,0 R O'go
40 ™ /' 1 0 -~6
<)
30
20
10

0

0 20 40 60 80 100 120 140

t/s

What is its speed while it is moving?
A0.70ms’ B0.80ms' C1.25ms’ D 1.40ms’
A ball is released from rest above a horizontal surface
and bounces several times.
The graph shows how, for this ball, a quantity y varies
with time.
Y A

0

0 Us0 time
What is the quantity y ?
A acceleration (B displacement

C kinetic energy D velocity

{0.8/713/12, Q.6/N09/11}

A brick is dislodged from a building and falls
vertically under gravity. Which graph best represents
the variation of its height h above the ground with time
t if air resistance is negligible?

B
A ‘R = MexX 4“'30 A
h Uz o A h UIY{ng \J&Uma
v Shem X
R0
0 > 0 I
0 t 0 t
C D
7 A
h h
wa \JeQuﬁa Y X
X feo
of-t=o
0 > 0 >
0 t 0 t

(0.9/J12/12, 0.9/J10/11}

)




The variation with time t of the distance s moved by a
body is shown below.

s G\(WO\M = g‘:d

A%%@exwm

Ond Rp iQ 1

0 >
0 t
What can be deduced from the graph about the motion
of the body?
A It accelerates continuously.
B It starts from rest.
C The distance is proportional to time.

@T he speed changes.

{Q.8/N-11/12}
A tennis ball falls freely, in air, from the top of a tall
building. Which graph best represents the variation of
distance s fallen with time t ?

s v
'Ve(),oﬂg = Conglend

-

Which displacement-time graph best represents the
motion of a falling sphere, the initial
acceleration of which eventually reduces until it begins

to travel at constant terminal velocity?
A

{Q 8/J11/12}

A
displacement

N

time

Y

A
displacement

L\

-

time

F
displacement

0 -

0 @ time

A

displacgment

|

time

{0.5/J09}




KINEMATIC’S GRAPHS

Akhtar Mahmood (0333-4281759)
M.Sc.(Physics), MCS, MBA-IT, B.Ed.
MIS, DCE, D AS/400e(IBM), OCP(PITB)
teacher_786@hotmail.com

The graph of velocity against time for an object
moving in a straight line is shown.
velocity

0 l TS
0 time
Which of the following is the corresponding graph of
displacement against time?

displacement 4
A
0 L >
0 time
displacement 4
B
0 [
0 time
displacement #
0 Ly
0 time
displacement 4
D
0 [
0 time

A ball is released from rest above a horizontal surface.
The graph shows the variation with time of its velocity.

st
impact /R4,
2nd .

velocity
3rd
Impact
0 .
V b tima

;‘——b‘————-’-‘—’d—b

ball ball ball bal bal

falling nising faling  rising falling

~Areas X and Y are equal.

This is because

A the ball’s acceleration is the same during its upward
and downward motion.

B the speed at which the ball leaves the surface after an
impact is equal to the speed at which it
returns to the surface for the next impact.

C for one impact, the speed at which the ball hits the
surface equals the speed at which it leaves
the surface.

(D) the ball rises and falls through the same distance

between impacts.

The diagram shows a velocity-time graph for a mass
moving up and down on the end of a spring.

Which point represents the velocity of the mass when
at the lowest point of its motion?

UP

velocity

Cc

DOWN

The graph shows velocity-time plots for two
vehicles X and Y. The accelerations and distances
travelled by the two vehicles can be estimated
from these plots.

.

volocity ims '

fimess

Which statement is correct?

A The accelerations of X and Y are the same at
2.5s. X

B The initial acceleration of Y is greater than
thatof X. X cant

C The distance travelled by X is greater than
that travelled by Y in the 5 s period. X

@The distances travelled by X and Y in the 5 s
period are the same.

An object is dropped from a great height and falls
through air of uniform density. The acceleration of free
fall is g.

Which graph could show the variation with time ¢ of
the acceleration a of the object.

@ B

a A a
g—dep 7
Oeseflotdisn |
0 -
o a=0 ) 7
0 t
C D
a A a A
g—¥ g
0 -
0 e 0 t




The diagram shows a velocity-time graph for a car.
12

10

v

V/8

vd

0 1 2 3 4

Aes. uvdir =d(242)(Y)  t/s
What is the distance travelled between time t= 0 and
t=4s?
A25m B30m C20m (D28 m

A boy throws a ball vertically upwards. It rises to a
maximum height, where it is momentarily at rest, and
falls back to his hands.

Which of the following gives the acceleration of the
ball at various stages in its motion? Take vertically
upwards as positive. Neglect air resistance.

risin at - maximum | e
SE height &

A |-9.81ms? 0 +981ms 2

B) |-9.81ms
C +9.81ms

~9.81ms 2

+9.81ms

~9.81ms 2
+9.81ms

~9.81ms

D +981 ms 2 0

When a car driver sees a hazard ahead, she applies the
brakes as soon as she can and brings the car to rest.
The graph shows how the speed v of the car varies with
time t after the hazard is seen.

v40=0

0

T

t, t

Which graph represents the variation with time t of the
distance s travelled by the car after the hazard has been
seen?

A
s
L
AN
% 1 t 't
B
S A
0 L 1 ;
0 t1 t2 t

10

%rco\ﬁwp

~Y

0 1 I
0 ¢ t,

d=—
t

The graph shows the variation with time of the
displacement for a particle moving along a straight
track.

[

0

Which graph best shows the variation with time of the
velocity of the particle?

A B ¢

veloctty

-+ 0 —>
time time
'

The graph shows the variation with time of the velocity
of a trolley, initially projected up an inclined runway.

080 gy
050

040 B
020
0

M velocity velocity

time fime

RN

poit)

5 time/s

.,
i

e
}LI‘

020
040 [ :
060 : S
080 e

’ L (0.20)(2-5)

What is the maximum distancé up the slope reached by

the trolley?
1.0 m

A 0.80 m

1l
T

C2.0m D40m




L | |
TAinki n& . bm\zmg and S’coPpln3 distance :

Qag. Qr U Re Aisleme  trowelled \o& o vk
ch»r\'v\a Ra. drlverg fe,a(ﬁ/\'a«r\/ decigion g
Note:. Tﬂif\/biv\a digtomee  » travelled  with  uniform

\f@ﬂ@cﬂﬁ- 1

Tmf\mﬁ% Nctome, = AR undy VmE Area = Thinkiyg

Svought bing Foph disfornca .
L5 ts
Dependonce: (T'V‘i“hi“@ disience) T
t- (telooily of veRica)
S -
V/me' (22)(0-2)
[ o2y | = belim
= 2m i N H
02 s 0-2
2. diingk w nek allgst e (teactim Uimg)
AN A
2 20
Vs |G 0D | V| (@60 &)
Um 12m .
05,1 > &/ Ly ts

0-6

Broking distonce :

DY BE G He polk bovdlad by o voRih won
braker  ate  abpliad.

Note: Rraking disleme i Yowelled Witk wwin,
decodutabinn & retexdalion.




ngeh _.

V! Areo -

3 Tohing disiongy

> /s

Dependam(e - (Bm\awa duistorte) ]
1- irdmal  vellogdy o{ velich & ugd

1%
Vg’ oo
o nd' e
10) O 2
(_7__— 29m - = Ctm
1

L > t/S > t/_g
2- Lege dorce & alopligd en lorakeg
13 Fl, (-a)) 2o
~ .
" [ > 16)(2+0) Cloing s )3
Cion
oe > tl g s
3- Legs Schim ‘oobwoon tood avd tyves:-
p )t g
R PP oraRivg Aidiome |
(0Q)
&:um oe 5 t/_g
Lo Gwealosr ™Mokt avmd  Rene Saehe o veRids

S EE'IY\E dis}gnce:

&g. B R &um B% ﬂ'R.mbmg and bmkina

aAigromee.,
1



V/m g‘ T MV\NV\
aAdgiomi

Shopping; chasmia

Acceleralion - time  ofaph-

U



Motisn I twe  dimengion . |
() Ong  dimengitnal  motton :- Agﬁ"‘m A Stouglt

6 =0 Co,0) (2, °3< - (20:0) (o) Ao x-aceis
(o, 2)
(0s20)4 AQ""% Y-~ dcts
6= e (or13]
Corod . . ,
(o) Two Aimencianal  mwetion:- ifm 2 im pj‘%m
(20, 25) (20,223
q°°7 6>0 Cav, 20)
(loy12)

Cor o) (0,0)

Pm’;ec.b'&:- NRova om Oject & TRvown wh Qi
OKNO\\% Rt & ek ON\O/v\g& ; (°l376703
with e Rofigrded  How W wovas g o
curved poth  dwa B Grewitelimal  pull of Eauk
Ak o weliom s bwo dimenging  in ealled
brojeckile Omd  curved potfh  bacd by el

e rodecoru, Ya@ %
N U “; » -
A:’\‘ Onv«a POSﬂ\O‘n, N
veriod  Component ‘3? Vdod]:(
= V&AM e

Hofigonlel componest o) veloidy= V@36



S

Slg) 0 |05 | 0707 |0:866| 1
@) 1 |o-&l|loTT| 0S| O

&

WG, | Ve BB | V. 816 | Vp 3w B | Verticol compmedy
\ | 9 IR P ?Lisblh\l\lixl %qbgvda}jn

¥ 0 t Map [Varies dwl G
.é%g\%;b (M () () () WMy M) LNH)(_N\'«%)A g,;ﬁs.rm“i
O = Max =Deciense | = 280 | =Onererse | = Moy 03 Bautf

WGos 6, | Ve Gatf, | Ve G888 | Vo (2 By | Ve (32 § [Horigmt=t
2 e bEE Min | "‘“"lﬁﬁ”ﬁeﬁﬁn

\Qb"‘é‘ (Max)Min) () A (e (O |0 B
k| = Conplank | = Crusiand.| = Congloriks| = Cmsbenl | 3 i 100




Iu\-\':ucﬂ%lg- S
) > Ou

H....

Noight %Odr\gd ‘OJ\ 10 ekl :-
C@Wo\u \re\r el m@ﬂow e vemed Cow(wmfg{)\lefodd

'ZO\S~\I—U Lo&quEy_:Gxam:fG\CP
2(-%) Sv - (0) (uune) Ly, = 763%
Lll&om@
_Q%Qv:f-\lgwﬁ 2 %(gv>
S U"&f;@

23




Time tokon W Yooudh e RJ&DM Po'w\t:-

Congiden  verhwl milsd Livect
'\fv': uv‘\- QV\Z )
TSI el
O = U8 +(-Pt 4
Un- W28 tne:t
Lo UAWE
2
Time aR U - Thiy & he dobl e
R 2° vJ}; omd  Core ook
1 = 2t
T - 2URAwm4
2

EON\SLQ &g M\ec\wﬂa e & WMo Rorigenid

&S\B\N\m ’c\(awﬂo.d \“{'3 brcgec_fh

UH = g_“ ‘th'U(D’.s@ 5 S ‘1
T
gn s Culro CT)
- W) (2080) _ (2550
?

{%C&Q‘«\fh‘ . R 20 = 2 2B &30
e S 6o = 2 30 BLRD



S = .%L.(%za)
M 4%& roatitum  Aomge:- Sedel  2pad o kol

emreram Of dhng a oastemk,
Snte

g&: ‘%—‘L‘ &V\h"z@

SH:(WW)&% 2.9
Sy & Yot F"f
i 28 = Meinaumn
28 = 4
o0 : < () =282 %0
Q = ys’




PROJECTILE (Motion in two dimensions)

Akhtar Mahmood (0333-4281759)
M.Se.(Physics), MCS, MBA-IT, B.Ed.
MIS, DCE, D AS/400e(IBM), OCP(PITB)

1. In the absence of air resistance, a stone is thrown from P and follows a parabolic path in which the higher

point reached is T.

The vertical component of acceleration of the stone is

AzeroatT

P

T ,3‘

B Untlom of

o). pecibons Ranghs

o ek

B greatest at T

C greatest at P

@the same at P as at T.

2. A motorcycle stunt-rider moving horizontally takes off from a point 1.25 m above the ground mdmg lﬁ wobion

m away as shown.
Cgvx&«o\ﬂk veln t.ob1
calodlode b

~Llae)f
l 2 5 (O%K(ftz?t was%h% speed at take- off7

E:0:504 A5ms!
3. A pro ectlle is ﬁred at an angle o to the horizontal at a speed u, as

\revl

Now oA

Sz

% 0= U’\—\)(OS‘D
~ N - 20mE

7

B10ms™'

Vy

V=

U+ QVE

= UBo A C“%)U:)

What are the vertical and horizontal co

Assume that air resistance is negligible. The acceleration of free fall is g.

Cl5ms’!

ts of its velocity after a time t ?

vertical component

horizontal component

A
B

©
D

usina
usina—gt v
usina—gt v

u Ccos

ucosa \/

ucosa—gt

ucosa vV~

usina—gt

4. A projectile is launched at point O and follows the path OPQRS, as shown. Air resistance may be

neglected.

o

Q

S

Which statement is true for the projectile when it is at the highest point Q of its path?
proj ghest p Q p Bt ,VW,@“‘_Q veQu&lg

@The horizontal component of the projectile’s acceleration is zero. v/dkwe &
B The horizontal component of the projectile’s velocity is zero. (non 220

C The kinetic energy of the projectile is zero. (\\on g.ew)

D The momentum of the projectile is zero (ngn

sew

5. A stone is projected horizontally in a vacuum and moves along a path as shown. X is a point on this path
XV and XH are vertical and horizontal lines respectively through X. XT is the tangent to the path at X.

path of stone

Along which direction or directions do forces act on the stone at X?

AXV

B XH

C XV and XH

o{\% G\fp\\/f{é{urreﬁ
P R0 ,g etk o
™ c;\DNY\Wa
Sl o Ve



Akhtar Mahmood (0333-4281759)
MSc.(Physics), MCS, MBA-IT, Bed.
PROJECTILE MIS, DCE, D AS/400e(IBM), OCP(PITB)
teacher_786@hotmail.com

Q. 1 A ball is thrown from horizontal ground with an initial velocity of 15 ms™ at an angle of 60° to the horizontal , as
shown in fig. 1.1

&

(i) Calculate, for this ball, the initial values of
1. the vertical component of the velocity

Uy = WA 8
= 15 2 €0

2. the horizontal component of the velocity

Uy = U A8
=19 (@ 6o

(ii) Assuming that air resistance can be neglected, use your answers in (i) to determine
1. the maximum height to which the ball rises,
~

. Ve @.Q Cﬂ"‘P\“‘e“h
2
2 O\vgv = \Iv- uv

20-a4) R = (o) ~(13-6
R —&9
-6 R - 26Im

2. the time of flight, i.e. the time interval between the ball being thrown and returning to ground level,
Cralddot VR f%'wﬁ

= Ut Zihh_é, o= 130 +(-28Dt
N v v

325 5%
- Q_C\-'S?S): 2.658%

ground. y

[ a

3. the horizontal distance between the point from which the ball was tﬁrown and the point where it strikes the
\j

Cw\&,{d&)\.
%= Wl

= W
Sy = (78)(2-648) = \A-9m

[6]
(iii) Use your answers to (ii) to sketch the path of the ball, assuming air resistance is negligible. La’al W »—faﬁ N [2]

1. On your sketch in (iii), draw the path of the ball, assuming that air resistancer cannot be neglected. Label this
path A.

2. Suggest an explanation for any difference between the two paths N and A.

CQO«AMO\ avd  DRors




Akhtar Mahmood (0333-4281759)
MSc.(Physics), MCS, MBA-IT, Bed.

MIS, DCE, D AS/400e(IBM), OCP(PITB)
teacher_786@hotmail.com

Q.2 A steel ball is projected horizontally from a catapult near the ceiling of a laboratory. Photographs of the position of
the ball are taken at 0.10 s intervals. The photographs are superimposed and the result is illustrated in Fig. 2.1

horizontal distance / m

R Titias 7 [ T R £ 2,0
S E SR e tmkis ans
0, S+—— f”“f“.‘.'.'“'.m','"';ﬁfﬂ”'"v T
vertical EEEEE S '
distance / m

1.0

Fig. 2.1
The first photograph is taken at the instant when the ball is projected.
(a) (i) Use Fig. 2.1 to show, by considering the horizontal motion of the ball, that air resistance is negligible.

0-UCrm 12
.......... WS

..... R&i%w\}ﬁq

OVVZ 0
(ii) Hence calculate § horizontal vélocity of the ball.

S, = Vs
ous =W (0:10)

horizontal velocity =
(b) (i) From figure 2.1, read off the vertical distance through which the ball falls during the first 0.60 s of its motion.

distance =
(i) Use your answer to (i) to calculate the vertical speed of the ball 0.60 s after projection.

1 2 1 2
2087 V- U SF Ve~ Lak _;_-yw = Yhoh

20481 =\, ~Cof | VR =)o -sas)  V=d2gR +[2(3800-E)
(0'60)2'




Akhtar Mahmood (0333-4281759)
MSc.(Physics), MCS, MBA-IT, Bed.
MIS, DCE, D AS/400e(IBM), OCP(PITB)
teacher_786@hotmail.com
Q. 3 A rugby ball is kicked towards the goal posts shown in Fig. 3.1 from a position directly in front of the posts. The
ball passes over the cross-bar and between the posts.

W

Fig. 3.1

(a) The ball takes 1.5 s to reach a point vertically above the cross-bar of the posts.
onent of Veloﬁity, Vh. Ignore air resistance.
]

(i) Calculate the ball’s horizontal com
Consider iR
S Vak
2@ =QR) (v S.)

(ii) The ball reaches its maximum height at the same time as it passes over the cross-bar.
State the vertical component of velocity when the ball is at its maximum height.

i

(iii) The ball’s maximum height is 11 m. Calculate, Vv, the vertical component of velocity of the ball immediately
after it has been kicked. Ignore the effects of air resistance.

acceleration due to gravity, g =9.8 m s .
el gk verbied vellochy Lt
zavgv: V\?;- U't ch u\}_' * Za\l

24000 (- Uy | MU S)3eas)

(b) (i) Determine the magnitude of the initial velocity, v, of the ball immediately after it is kicked.

U= Joend + (e’

(ii) Determine the angle above the horizontal at which the ball was kicked.
- 47
- 187




Akhtar Mahmood (0333-4281759)
. . . . . . MSc. (Physics), MCS, MBA-IT, Bed.
Q.4 A stone is thrown with a horizontal velocity of 20 m s™! from the top of a cliff 15 m high. s pcE b asH00easm), ocreiTs)

The path of the stone is shown in Fig. 4.1. teacher_786@hotmail.com

Air resistance is negligible.
For this stone,

@) calculate the time to fﬁéi m, .\IQ.(h' QaQ G 1
gv - uf r Ll
- (o))~ (% D

- [20 5>
4. 8)
(ii) calculate the magnitude of the resultant velocity after falhng 15 m,

Coniidel Vel hicd

2

V= Uxatb Q= NE-Lab | 243 V-,

V,= 04(9-8)(9) | !5 =V, ) (1s) ti(se) 2(%005}:\4, ~b
(w75

\f\,ﬂ, ‘7 '2 M.é'

\ J Vi * \/\,t = \/;,\/@o)‘ F (72

resultant velocity =
(iii) describe the difference between the dlsplacement of the stone and the distance that it travels.

{Q.1/9702/22/M/J/11}
MCQ (KINEMATICS)
A moving body undergoes uniform acceleration while travelling in a straight line between points X, Y and Z. The
distances XY and YZ are both 40 m. The time to travel from X to Y is 12 s and from Y to Z is 6.0 s.
What is the acceleration of the body?
@.37 m s> B 0.49m*? C0.56m*? D1l.Ims?

10.8/9702/12/0/N/10}




A moving body undergoes uniform acceleration while travelling in a straight line between points X, Y and Z. The
distances XY and YZ are both 40 m. The time to travel from X to Y is 12 s and from Y to Z is 6.0 s.
What is the acceleration of the body?

@).37 m s> B 0.49 m*s? C0.56m*? D1.1ms?
{0.8/9702/12/0/N/10}
X Sy = lwvw\ Y Sye c\llohﬂ 2
' E*a'—‘ 12; ) ‘?vz,': €0 )
Nete.  frndued VQ/QO&I"l ot X & oo Urbrom.
For X For x2
S Uk, Lk, S = Uk ~Llak,

w0 = Uo(R) *L @y | 80 = Hole “L ()0

Lo = 12Ux + 720 --—uy| DY = \8Ux + 1620 -+ 42

Selwe (D owd 2 Rirullowaongly G
%) occoloeds (&) i’ &= 0Tme*



Akhtar Mahmood (0333-4281759)
MSc.(Physics), MCS, MBA-IT, Bed.

MIS, DCE, D AS/400e(IBM), OCP(PITB)
teacher_786@hotmail.com

Q.5 A ball is thrown from a point P, which is at ground level, as illustrated in Fig. 5.1.

The initial velocity of the ball is 12.4 m s™! at an angle of 36° to the horizontal. The ball just passes over a wall of height 4. The
ball reaches the wall 0.17 s after it has been thrown.

(a) Assuming air resistance to be negligible, calculate
(i) the horizontal distance of point P from the wall,

Corsida  Ravigrtdl  ™olor
S,ﬁ \4\ t
Q. = (124 (0%36) (0-17)

distance =

(i1) the height 4 of the wall.

2
\
S,- U 3ol

v

K = QQ Laan26) (017D _\2. (~a-80(0-17)

z

R -

(b) A second ball is thrown from point P with the same velocity as the ball in (a). For this ball, air resistance is not
negligible.
This ball hits the wall and rebounds.
On Fig. 5.1, sketch the path of this ball between point P and the point where it first hits the ground. [2]

£0.2/9702/22/0/N/10}
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o chorge of dirdn

NN-\ Which graph represents the motion of a car that is travelling along a straight road”with a speed
l 6b that increases uniformly with time? Ui ormn occalotodarn
o\

p &b ® B

A A
@, 1’\ acceleration acceleration

0 > 0 >
0 time 0 time
C D
A A
displacement displacement
0 > 0
0 time 0 time

The graph shows how the acceleration of an object moving in a straight line varies with time.

Q \\l @. 2) acceleration A D

GusV [ ¢
|87 5 F

0 tlme\> Q ~ D
The object starts from rest. ||, = 0 W,.F'F" h }e ""‘VJ ‘/Q%b

Which graph shows the variation with time of the velocity of the object over the same time

interval?
B
Opge
velocity (N velocity
0 L 0
0 time 0 time

[ D

velocity velocity

0
\\/time
0

o

time
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Qup a3 tVQ:)("\"'Q:) = —3
Qo = (HVD(=90) = —'ﬂ
The ball makes an elastic collision with the ceiling, rebounds and accelerates back to the
e ‘) student’s hand in a time of 122s. on ‘R\’H:I'& ;O ooamge Rty
'S () V) \~ERWwI~
Which graph best represents the acceleration of the ball from the moment it leaves the hand to
the instant just before it returns to the hand?

At bs t",cb B” a=z 0
=

NV \9
?\,L | Q7 A student throws a ball in the positive direction vertically upwards.

4

A

ceeleration | £ | ky acceleration

0 - time/s 0 - time/s

0 1.2 0 1.2
A 2 ueh
C 7
A uX 2 A
cceleration acceleration

0 - time/s 0 - time/s

0 1.2 0 19
T 2 q & 23

rebounds several times. Which one of the graphs below best represents the variation of
the ball’s acceleration a with ¢, if the collisions are inelastic?

Q bl‘> 4. A steel ball held above a horizontal table is released so that it falls onto the table and

ak al aj
0 1 0 1 (4] 1
A € E
as a
0 1 £ 0 =3
i
i
® D
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