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Year 2 Impulse and Momentum as Vectors & Angle of Deflection

1. A particle P of mass 2 kg is moving with velocity (=4i + 3j)m s when it receives an

impulse (—6i + 42j)N s.

(a) Find thespeed of P immediately after receiving the impulse.

C))
The angle through which the direction of motion of P has been deflected by the impulse
is a°
(b) Find the value of a

(2)

(a)realising that we're dealing uith vector impulse and momentum - hence

illustrat(ns the
the Impulse

2k3

motion diugmmmal-icq(l.j-lqbel the and

in order to qet the speed after, first need to find

the velocity after the receives the Impulse~
hence subbing above informativa into the vector version
of the Impulse -momentum formula :

formula: L= m(y-w)

(&)= (-(3))
expand RHS
(i) = 2= ()
and rearrange ond solve for ¥
202 (i) + ()
Y = -
vz (Fh)ms
but asked for speed ;nok velocity heace
Pythagonse v

Iv)= &) aap

=.I‘H+S?6
= {625 = |25ms™!

-

Lb) now the questisn is asking us to {md. the angle of deflection—i-¢ the

angle between

2 giver\

and | \ -tuo uays to do this:
\.){mm part ()

NN RN e

YIHV SIHLNIZLIHM LON Od V3YY SIHLNIILIHM 1ON Od

V34V SIHLNI 3LIYM LON Od



KX

DONOTWRITEINTHISAREA

oot sonse \\E/A\\\\ T RRRILIRIRAIIRRRKS

R R R R R R e R SRR,
~ DONOTWRITEINTHISAREA
SRR SRS RIS GRS EEIILELERILEEKILS ;

5

i _ (-u) .(-; )

| Question 1 continued

alar

WAY I uSl'M! scalar produact formula WAV I:usinj 'l'fc’j and in’nnllQS

formula: €OSA= G- b ¢ Uit
lallbl

zq.}l

N\ see how angle ol® is obtained

Yp from angle trom blae triangle

- produtt of
:\{ngﬂudes

TS  caun it 6°- Subtracted from

NG = .
T angle from pink triangle -

callit 'n

JEDG3) )% )

A=8-0

= 28+312

s

= l:oo\"(?-;—‘) -I:M“G,)
=33.7393... —36.8698...

Coso= 100

= 3€.26939... 5|37 ° (to 254)

12§

take iaverse oS for &X°

A=(0s”! ("_°z°s_

= 36.8¢9..

T 23°(2s4)|

(Total for Question 1 is 6 marks)
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Year 1 Work, Energy and Power - -Resoiving Forces on Horizontal Surface

2. A car of mass 1000 kg moves in a straight line along a horizontal road at a constant
speed U'ms '. The resistance to the motion of the car is a constant force of magnitude

400 N.
The engine of the car is working at a constant rate of 16 kW.
(a) Find the value of U.
3)
The car now pulls a trailer of mass 600 kg in a straight line along the road using a tow
rope which is parallel to the direction of motion. The resistance to the motion of the car
is again a constant force of magnitude 400 N. The resistance to the motion of the trailer
is a constant force of magnitude 300 N.
The engine of the car is working at a constant rate of 16 kW
The tow rope is modelled as being light and inextensible.
Using the model,
(b) find the tension in the tow rope at the instant when the speed of the car is ? ms '
(3)
(a) let's illusirate the above information on o detailed FOLCE diagram
U Label the resistance to mo{ion,tl\e and the rearranged
formula : P=Fv )‘!ﬁlﬁ;}f’
Pittes Fenie
P
—F 3 T, convert to
where e
(x1000)
and v=\

= 3
NOTE : cowld've calculated this as o Separate line

3 sl of Uolking but much better (a exams to
straight auay Yrite ia the force from the

formula gor powers rearranged
ue knou fiem that (f the is moving at “constont
Cpeed! thig S"S,QStS it's in “W\‘Stﬂtibl\ﬂlj QQ“ilibfi\Am . ”{M(?S l!{*“=" orces rjg
R(S): 22 =400
W
xWU XU
16,000 =400 U
<400 <400
=HUWz40ms™

MR D00 =
p 7 2 7 9 8 A 0 4 2 8

YIHV SIHLNIZLIHM LON Od V3YY SIHLNIILIHM 1ON Od

Y3uy SIHL NI EI.L%M 10N Od



DO NOTWRITE IN THIS AREA

DO NOTWRITE INTHIS AREA

DO NOT WRITE IN THIS AREA

Question 2 continued

(b) now the is S\l moving On & straight,horizontal qround but it's towing a traildr

L illustrating this diaqramatically, Labelling resistance, in the tourope
Ond {'\e rQ““’ﬂ'\gQ&:
formula: P=Fv
6= P
convert
where 2,

(x 1000)
€D  Temr CAR‘ and. v=20/3
400N, :

000
i ! s_ 4 1000kg ——vm' = 2,400
3°°NE 600kg — — 10/5
600q
remembering from 17 2 Mechanics Chp © that if consider

@ system as a whole the tension jn the fou rope will cance( out-
eveA thowgh this isn't immediately helpful to us to qet the
ension directly it uill helpus qet the ve need to
ultimately qet the ion in the tow rope
Liusing Neuton's Second Law on the gystem to
get the y
formula: in= mQ
R(&): 2,400 -400-300 =(1000 $600)
expand and collect terms

600« =1300
=1300 =1300

Nos= mS'z

nod that ue know the ue Can use Newton's
Second Law-but this time 0n any of the trailer or the
eq-0n the ¢ 'r‘ailer (Less time-consuming)

600kg | formula: 3 Fy =ma.

J00N ¢

-—\——4] () -300:600( )
6‘0'05 expand and rearrange
for

5

o N D0 0 Turn over
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 8 marks)
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Year 1 Elastic Collisions in 1D - Successive Coilisions with Fixed Surfaces

3. A particle P of mass 2m is moving in a straight line with speed 3« on a smooth
horizontal plane. It collides directly with a particle O of mass m that is moving on the
plane with speed 2u in the opposite direction to P.

: — . 4
The coefficient of restitution between P and Q is e, where e > 3

(a) Show that the speed of Q immediately after the collision is (@ +10e)u
(6)
After the collision Q hits a smooth fixed vertical wall that is perpendicular to the
direction of motion of Q. The coefficient of restitution between Q and the wall is f.
(b) Find, in terms of e, the set of values of f for which there will be a second collision
between P and Q.
“4)

(a) first part of the question is a typical ‘elastic collisions in 10" question-

illustrating it diqqmmmaeimllj-label the direction of motion respective gpeeds etc.

C3> . s > 3

¢ AFTER:

2m m 2m m

follo-u'ng the normal procedure for these %1pes of collision - notice both the velocities
S0 can't just stop at pctM-have to do NEL (Impact lau)

after are uaknown
aswell

ofirst, PCLM -i.¢ total momentum before equals total momeatum agter

formule:  moUp + Mauqg = mpVp+tMa Vg
sub into above
73w + ml2e) = 7%+ oy
cancel m's and expand brackets
2 493 6u -2
=) A% +y: bu

.o nex‘tl NEL’.

[-o«mula.:

_ speed of separation
speed of aperoach
s Vo-V

= - (-x)
-(2w)

=) =Y-%
xSw Su ASw

p 7 2 7 9 8 A 0 8 2 8
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Question 3 continued
=) \j—x sSew
need to solve & and © simultaneously~ elim.’x'

+ 2%

1x+1=ﬂu
o +24 T (0ew
3::'-N+IDGM

factonse ‘«' oat and solve for 'y’
3 §

Ys %(lﬂ-lOe)
(b) now we're introduced to a -this time one betueen

and a vertical uwall
L illustrating this diagrammatically :

@ QEFORE ¢

X U(4+loe) b
o> -
2m m

~toqet- v oafter

collides uith the wall need to
Mul%iplj w b‘3 (NEL

rearranqed):
AFTER
& = 4 (4410e) A
» P dgcamee)
the fact that ue're talking about a betueen and O implies

that ue need to find > and compare it uith v
Lhence get O and ) jrem part(a
2x+ysUu
=X 44 :Seu
and. Solve fo1 X' - elim. 'y’

3x=Uu-Seu
—
factorise w aad solve for X

9
o MR D00 Turn over
p 7 2 7 9 8 A0 9 2 8



Question 3 continued

3xzu(y-Se)
<3 <3

' § -
x‘--g("f Se)

impottant to consider nou the direction of motion of x -ue are given
in the question that )"l/g' hence Svbbing into )C gives x<O
Lihence looks like both particles are moving in the -ve
direction -usim] collision logic  the oaly way they collide Aqain i3
uhen V, (S even more -ve than X (hence catches yp uith v )
Ly formulating the above :

—uf(u+10e) , «

(4-5e)
¥ X
N 2 Cvi=x
cancel o's, ¥s and x-\ (fiip inequality sign)
x -\ x=\

(Yy+10e) > -(y-se)
expand and <(Y+10e)
y S-ke
4 +10e
houever because [ i's a coefficient of restitution,
ote¢l
o full range: | Se-4
4+loe

|

10

R 0 000 A =
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(Total for Question 3 is 10 marks)
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Year 2 Elastic Strings and Springs - String in Equilibrium (Dynamic Problem),
Principle of Conservation of Mechanical Energy

4. A light elastic string hasnatural length 2a and modulus of elasticity 4mg.
One end of the elastic string is attached to a fixed point O. A particle P of mass m is
attached to the other end of the elastic string.
The particle P hangs freely in equilibrium at the point £, which is vertically below O

(a) Find the length OE.
“4)

Particle P is now pulled vertically downwards to the point 4, where OA4 = 4a,
and released from rest. The resistance to the motion of P is a constant force of

: 1
magnitude ng.

(b) Find, in terms of a and g, the speed of P after it has moved a distance a.

(7

Particle P is now held at O
Particle P is released from rest and reaches itsimaximum speed at the point B.

: . . . . 1
The resistance to the motion of P is again a constant force of magnitude 7 mg.

(c) Find the distance OB.
“4)

(a) ",qst tike uith all ‘elastic strings and springs' questions,the most important
thing (s to draw a detailed diagram -the fact that ue're qivea that the

15 inequilibrium means youhave t0 pay particular attention to the
FOLCES ia the String

7 0
fz2a we can See now that given the ‘equilibrium’ cond.ition, ﬁF.‘:O
2 + applies :.“forces up= forces doun’
L LE

= T=
| ue can also see from the diagram that
of = 2a+
Lihence need tofind the string's - subbing the information
into the strings and splings formula:
Jormula T=AxX &
/]

K3
Ag =}‘-2’13- cancel mq's and 2's
o

and solve for “x'
Daz
=) o=

hence Subbing iato our OE=d

R 0000 A e
p 7 2 7 9 8 A0 1 2 2 8
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Question 4 continued
OE = 2a ¢+
= <)EE - 'S‘z(l

(b) the gact that we're asked for the speed of  implies ue heed o use the enerqy method

of censervation of mechanical energylincluding dissipative porces!)
Y hence let's draw tuo diagrams: one for befofe {ravels a
and one {or after - labelling the appropriate enerqies

REFORE: o AETER:

| ® ]
note :impottant to lebel

J , this qeing opposite £o the
| t,..q dl‘nchon ot motion
7]

2¢eropotential
Y S e S
level

Fr (acts downwards)
= ll'mq

nou sub all into Hwk-!ntn’q: principle Lincludes dl'iSipﬁ.*i\l!. {M{!S\

: . = - A againgt
udin+ | ¥ ! . +8. PLE - [ F IL +l: PE{ “u.t!uh
sitia paifin inal klsefic inm
ala U e SR o et e
. 1 + 1 + “KL - J' ﬁ‘l;(.
{-Dfm < h 12‘ + + + Ff )fd.
Subbmg lnl'o above: A
¥ %j.(_ Nt 4 Qe+ "'ﬁﬂ(—) + T'lm/q
2(2a.) 2(2a)

cancel m's and expand.
12 1
kamq = 3v itaq+ag+ ag
collect (1kQ terms
-V -Mlag

%2 X2
solve for v

vis }/za q
Squafe /oot

5)v =t [ aq ms™!
13
o SO0 00 R Turn over
p 7 2 7 9 8 A0 1 3 2 8



Question 4 continued

(¢) METHOO I: using the equilibsrium condition
ue kaow that max speed will be reached uhenthe particle isin equilib/ium
VERTICALLY .. zF.‘ =o-¢muin3 another diagram to see how ue can exploit the
equilibrium ondition

0
IM“ @ hence e (T):

b themg +ymgs
B S SAERCLERE
o metion ue can also see from the diagram. ¢hat
=X +2a
hence need to find thi's - subbmq (ato our

formula for elastic strings and Springs

formuta ;T = )‘_X
(2

subbing in © and the iaformation given

3)yrms =H12ﬂ.
Ao

cancel m's and rearrange to solve fof “x'

3= 2%
Iy =
{1 S O
dxr= 3,,_.(1
=2 =2
Subb}ng 1ato our for
)8 = + 2a

METHO0 2: using principle of conservation of mechanical enerqy and differentiation
key here (s to drau two diagrams -one for when s held ‘at rest’ at O and
second uhen reaches mox speed-caltit v =V when Sp1ing has

to point B where = lavel appropriate energies
BEFORE O0—— AFTER: 9 :
m !:ZG.I 3‘5%??5:’{\0
RO I VA - R
14
A0 o
p 7 2 7 9 8 A0 1 4 2 8
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Que noW sub all into work-enerqy prindple Lincludes dissipative forces)

Wl in + + 1EP.E =K E HCRE 4ERE + “t.ﬁ.‘:"
4 .'..ulial_ iqiifnl._ initial pinalusetic  final final 1

ala indic gmdioal  QRGyewn EED e

lv 'b'l— ”E_ l l l-

formula; ¥ + ﬁ__-‘s-_ = + 4 ﬁml + Frxd_
'y A -5—!
Subbins into above : i 1 gsolvedor ! B
2 2

4R 4 Yeng (20) SUPAVAPILL | )”u‘,ngk

2(2a) 2(2a)

cancel m's and expand
gh + Hag = -;-V"" 3“‘_'2_‘)'4- T"ql\
a

reavsonge-make 3 V2 the subject
Lyt g a1
5V = gh +4ag g(k:al '7.9"
collect ke terms
dv? =3/ qh 44aq - qlh-2a)*
k2 axz

V=3, gh +8aq - 2g9(h-2a)*
o
loiti vi.
exploiting {act that é\-h )

d_v—zgo) :)3/ g - ll".h'lﬂ‘=o
dh 2 ~

Solve for 'R’
3 4= Yq(i-2a)
2 ¥F —

éq: th -8a
2

cancel q's

=y yl = 19
')_-.:”‘ 324

=) h= ula_
8
SoR= 'q/gdl\

(Total for Question 4 is 15 marks)
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Year 2 Oblique Collision between Two Spheres - Algebraic Manipulation with Trig Ratios

Figure 1

A smooth uniform sphere S of mass m is moving with speed U on a smooth horizontal
plane. The sphere S collides obliquely with another uniform sphere of mass M which is
at rest on the plane. The two spheres have the same radius.

Immediately before the collision the direction of motion of S makes an angle a,
where 0 < a < 90°, with the line joining the centres of the spheres.

Immediately after the collision the direction of motion of S makes an angle § with the
line joining the centres of the spheres, as shown in Figure 1.

The coefficient of restitution between the spheres is e.
(m+ M)tana

Sh that t =
(a) Show that tan (m—eM) ?

Given that m = eM,

(b) show that the directions of motion of the two spheres immediately after the collision
are perpendicular.

2

(a) notice we have an roblique collisions between tuo spheres' question - splitting the
diagram in Fig | iato and after

AFTER.
(m) (M) (m) (M)
. V07
N
...resolve into i-J ..-resolve intp i-j componeats:

COmpOnents:

R 0 D00 A =
p 7 2 7 9 8 A0 1 6 2 8

16
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Question 5 continued @ Vi o ,
x k|
m M - v, L @
for MO change asimpulse only acts

paraliel to the hine Of centtes

because ue uant on expression {or tonp ue need to find
the and components of V,

as seen -no chm\&e,

=)V, e
WAY I:label paral as’x'and ‘q' NAY 2:\abelling the asv,
treat as standard elastic collisions in 1D and ‘4’
question <)
Le [BEFORE: U""“‘ : : -
; v using PLLM for “x'-] . qust,using PCLM
. @ means total momentum @ means total momentym
) holalo@ |
AFTER hefore equalstolal 4 .00 = SAEGRLals tole
x Y wmomenbum after vy Y  momentum after
formula:-mauat meug=MaVp t MgV | formula-Miaup Mgt = MyUa +MgUp
Sub talo above sub iato above
«= % +My = veospm +My
=) mX i My mUcosx =)V, mcoSP + My = Umcos
- next, NEL (Impact low): | -next; NEL (Impact law):
formula: ‘P“d of separation = L | formula: s Speed of seporation = Y=Vl sh
speod of appcoach 1cos X spaed of approach =
x UCoSak Xucosx
=) -Vicosp+y = eUcosa
9y -X: cUucosX

olve O and O simultancously-elim.tq*  AND know ...

- OxM NO impatt . v, =
m!#l"hj.mu«w& =) W= ViSinb
=M + My = Meucose sink
(M M3 = mUcoser-Meucos ulobing © and © into
fottorise Ucosak out v,MC8SR +M( , = co$
= (mtM) < (m+M) singt

17
o R 0 D00 A A Turn over
p 7 2 7 9 8 A0 1 7 2 8



Question 5 continued

X = ucosx(m-eM) mcoSP + Mcosp tesinBcotar) =msinpcotet
m+M need £o tey maka tona and ’ana\
= (ooking at ows first <(osp TCos8
‘atter' diaqramue m +M(| + etanBot k)= mianpeotex
can infer that: expand brackets
tonpp = mMm+M + Metanp ot s mianpcota

collect ‘like’ @xpressions

tanp = 500 m+M = mtanpcotx -MetanBoote
factorise m-M
m+M= (m-eM)tanpeotx
and now just the (ase of trying to make <cotax sCotax
it (ook like the equatioa givea in (rmarM)toact = (m-em)tonp
the question - <m-eM <m-eM
%(m+M) x(mim) tanp s (m+Mtans
tan g = (m#MMsina m-eM
(m-eM)Mcos et as required.
concel U's and use SIn&k - 4q, 50

CoSX

m-eM
as required

(b) to sheu that the directivn of motivn of the tuo spheres apter the collision
are perpendiculnr'musl' shou that the xx /| v, =0 oR that R=90°

...considering the latter:
know {tom (a) that tanB= (m+M)tana
m-eM
now if m=eM
dl'v{ding ky O gives L)
looking at tan graph to see uhere tanp =co
. R=90°
Lyin this cose the diagiem fer afler the

wllision would be
Vi :./meving perp.
lv' A to each other

18

R0 000 O A =
p 7 2 7 9 8 A 0 1 2 8

8

YIHV SIHLNIZLIHM LON Od V3YY SIHLNIILIHM 1ON Od

Y3dY SIHLNEILIIM LON Od



www.mymathscloud.com

2

%
35
doss

2 M

Question 5 continued
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Year 2 Oblique Collisions with Fixed Surfaces - Particle Falling Vertically,
Kinetic Energy

6. A particle P of mass m 1s falling vertically when it strikes a fixed smooth inclined plane.
The plane is inclined to the horizontal at ax angle @, where 0 < o < 45°

At the instant immediately before the impact, the speed of P is u.
At the instant immediately after the impact, P is moving horizontally with speed v.

(a) Show that the magnitude of the impulse exerted on the plane by P is museca

C))
The coefficient of restitution between P and the plane is e, where e > 0
(b) Show that v* = u*(sin® a + e” cos” o)
3
(c) Show that the kinetic energy lost by P in the impact is
l1711,12(1 —e*)cos’ a
2
2
(d) Hence find, in terms of m, u and e only, the kinetic energy lost by P in the impact.
(2)
(a) illastrating this oblique ¢collision betueen the and the inclined plane

diagrammatically -makesure to clearly label the direction of motion,the respective
speeds ete.
b NOTE : aluays easier fore ' questions {0 {uia the axis so thet the
inclined plane looks like it's a hotizontal surface
3 WAYS TO DO THIS QUESTION:
METHOO [: qetting expression for
L) NOTE : @ven though this is the longest out of the three
uaysto do part (a),it's necessary to then wuolk out the other
parts of the question faster - see that part (a) /s worth more
maiks than the other paits so seems reasenable to consides
as the best method

=

N
sldeonlt applies

) =

- — <

acts perp. to the fixed Serface.. NEL rearranged

/

Lithese do not change as no impulse

3\ <

R 0 U0 AR A o
p 7 2 7 9 8 A0 2 0 2 8
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Question 6 continued

&

... populating thisoato {he diagram:
from this,

\, tana = ev
N A

=)tqndk = @COSK

Sindk
Simplifying €OS&K _ (010
Sink
tand = ecotot
x tanat xtaneC
=) 2 =tantx

...apPlying Impulse -mOmentum formula perg
Cm(y-u)

I=m(eucosat =( x))

=) [=m (eucost + ucosa)
stanl® result

formwla:

Sub In Our
LC=m(
= mu( sin'e coga +cosx )
(

Y373
0SS ok

factorise %osx Out to try qet identivy we recognise:

UCOSAK +UCOSK)

=) L= mu (ginta +cosie)
(oS

D L=md ()

s
and using osax > 54

to finalty 9et: /T =musecx a5 required.

WAY 2: PCcLM and [mpulse-momentum YAY 3: wsingq VECTORS

METHOD I:6nly vertical comps

Comps:

resolvin relalive
(»oetlu' 3

J.,‘ s Can usSe PLLM
to plene
-means total

momentum

2]
X

equals total momentum

fof this vey we've not turaing the
axis as important to qet the

L @ subbing int0 Impulse-momentum

lative to '
formula (relative to upuard )
formula. ['-’M(\_’_'&)

atter(acno ) : (O-(—u))
tolmula . MaUA tMaug=MaVat MpVp Icosh= MU
21
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Question 6 continued

Sub (nto above:
| )z (veose)
cancel »'s and golve for ‘v
)V = Using
Veosat
componenls:
l-chcu'sub iatd the Impulse -
momentum Joimula:
focmula: F=mly-u)
= (vsindt ~( ))
=) Tam(vsina +Ucosx)
¢ub () into above:

Izm ( (sin) $ucosa)
< u(-':;sos
QXPa“d ;o:smosu:é__%
Lam(usintx 4 ucosos)

oS
factorise ciosoxo"t I:'o trg qet
tdentity we recognise:

L= o ( Sinta+ cos2en )

using identity: Sintdtcos'as |

I= ™4  and knod
ose
cosot >&¢

=) [L =mwusec
as required

(b)...ctd. from explanations ia

h - -usStak
see that v (eum“

and rearranging for

+(0SA <(0SX
= mu bt L -seca
YT cosx
= MU Secx

METHOOD 2 :using vector implse momen tum

using PcLM (asin ):
A ) =2(Veosw)

=) V= MSiak _ \y tanat
oS

using vector impulse-momentum :

formala: L2 (y-u)
= ((5)-(2))
=m ( ',X)
but need the mogaitude : Pythag.
') =mJENieu)
Subbing in < into above
\L= mj(-utﬂnx)"i-u"

= m JWtankrut
factonise v’ out:
1 Ll= mum
use secd = [ +tan?ex
=) = musecolk
as required

~squaring v's ¢ aad j comps to getthe V' in the question
viz(-usinx)'y (eucosa)’

= Utsintx + et U3esian

factorise Ut

v = u(sialok 2 2c0s?x) as required

22
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Question 6 continued

(c) to qget the ‘Sub into the formula for €y :
m(\l-z - v'l.)
L yrom part )

(w2 - (2 (sine + e05')) )
factorise ut out:

‘-%mu" (1 -sin*x -e¥cos?x)

now just the case of making the abeve
expression look like that ia the question

L get rid of Sin'c by Subbingin owr identity rearranged:

sin'a +costel = |
=) oStk = | - sintok

fommla: =

= -'imu‘ (costk -e?cosia)
factorise cos'a out
s ;‘ mu2costa (| -e?)

or % ut(1-2%)cos'x as required

(d) if uwant to qet the in tesms of -, u and ¢ only then
need £0 find @ uay to qet rid of the costa
Lue know from part(al's that e=tonlex

manipulating this to try get cosl

L Let's use the ideatity: et = | +tantx
=) tanlat = St - |
Svb n
= ek -
]
. 1, . —
vSm(] Sectat = costex
=— =
cos ot

|
(Y3
recipeocal [

=)Cosi = —
e+l

Subbing this into part ¢'s ansuer to get:
> ;:mu"( L )(1-¢%)

el
(Total for Question 6 is 12 marks)
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Year 2 Successive Obligure Coliisionwith Fixed Surfaces -
Algebraic Manipulation, Evaluation of Models

P
AV

190°- & B

|goe- (90-8)° [
= q0°4—5 -

Figure 2

A small smooth snooker ball is projected from the corner 4 of a horizontal rectangular
snooker table ABCD.

The ball is projected so it first hits the side DC at the point P, then hits the side CB at
the point Q and then returns to A4.

Angle APD = a, Angle QPC = f3, Angle AQB =y
The ball moves along AP with speed U, along PQ with speed ¥ and along QA4 with
speed W, as shown in Figure 2.

The coefficient of restitution between the ball and side DC is ¢,
The coefficient of restitution between the ball and side CB is@é;
The ball is modelled as a particle.
Use the model to answer all parts of this question.

(a) Show that tan § = ¢ tana
(b) Hence show that e, tana = e, coty

(c) By considering (angle APQ + angle AQP) or otherwise, show that it would be
possible for the ball to return to 4 only if e, > ¢,

If instead e, =e,, the ball would not return to A.
Given that ¢, =¢,

(d) use the result from part (b) to describe the path of the ball after it hits CB at Q,
explaining your answer.

24
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Question 7 continued

realising thisis a successive oblique collisions question -probably the most important
thing to do first (s to label the anqles that eachof the velocities make with their
respective sides (exploiting basic ‘angle in atriangle’ rile §) - Un this vay we can qet
FIXED ANGLES to uhich we can relate our velodities asthe question proceeds
L see Fiqure 2

(a) the fact that ue're asked to find tanp implies ve need the and

om ponents of the velocity after the - i the one betueen the

and the side DC
L ihustrating this diagrammatically:

Veosp ;
D s C -
, \\ Vsin B hese,no acts paraliel to the line of
v centres :no change in the velouty components

=) VCOSP = X

acts perp. £0 the line of centres - NEL rearranged
applies ) vsinf = ,
hence populufincj this onto our diagram:

0T (& - {rom this,let's derive the expression for
~ \ tanf s Q - SR cqncel w's and use
‘ “ sind = tane
cosat

~tanp = ¢ tandL
as req_uired

(k) see on the RMS of the given equation that the ongle ‘' (s included -this

sugqests ve need to find the and components of the velouity
ofter the - the one betueen the ball and the side BC
L illustrating this du'agmma{icqllj (and using our velocity after omponents fom
part (a) 8 Q.
T* Lino impulse = no change
=) ycosY =
WCoSY .
C Lhere, acts - NEL rearranged applies
usinX .
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Question 7 continued

... populating this oato our diagram:

)

(@)

B 2

N “l°r5 o e . . . =
from this, Snm\luﬂj as in part (a) can derive E

u ¥ {-o:wmh for ran¥= l—?l = 2V r:'n
C ’ =
concel u's 4

e, 7
=)tany = _152?« r;;

Q|3|'l\“ -

) from angles in atriangle
(c) uay l'.usic\g angle PAQ and part (b)
the fact that we're asked 10 consider

at {finding PAG =190° - (AFC +AQP)
= 180°- (120~ Y = (36+£-¥)
= 3+ ¥-q0°
L now, logically the oaly vay it would
be possible for the ball to retwa to A is
if PARY0 or
¥™-90° 50
= X290°-¥°
noticing a similar relationship betueen
the two angles jn (b) - taking tan Of
both sides
tand dtan (90° -y*)
26

AP + AGP implies ue should be fooking

but because question includes
ot not tan¥, need to find reciprocal
of above (flip aumerator gad denomimhr\

=) (ot = @sist
e, (s

“s;n% g\_d stanat
cosat
etz Upana
e,
x et xe?
e, otY = e tanx
or le,tandk =, cot¥ asrequired

YIHV SIHLNIZLIHM LON Od

AY 2: using angles f A and AG P and trig
addition rule
alternatively can expldit the fact that
PRG' Land AQP all form q{riangle,
) + AGP <180°
=) + 90°+8°-¥°¢180°
230°%-a°-¥°2120°
~ k%) q0-%°
see similar expression in pa/t (b) -
let's take tan of bothsides
tana Yton(20°-¥°)

using %13 tanck {hen addition rule
o S l.ﬂ (Q 00 -‘::I’MEA;ETI!\&:: B.+(0sASInB
tanr ) ———

(Az8)
¢°5(q°'-\"l =) cgscosAsine:sinAusB

Y3dY SIHLNEILIIM LON Od
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Question 7 continued

but know complementary

angle rale that tan(90°-¥|=cotk =) tana ) Sin90°cosE-¢o590°%inY
© tanatdrcot ¥ €0S90° cos¥ +5in90°sin¥
L subbing in terms {com (b) reorianged §in90°=1 ¢0s90°=0
e;‘“‘ b} cotY stona ) .(_05:‘ ) identity: %‘ z cobe
Q, 0 Sin¥
x
e ' =) taaad coty¥
el) e' ‘“bbiﬂg N P.I(- ‘b“s ansuer fQ"l“'ﬂ.‘
as required -
€0 5 (okd
2 x@
USRS Y TN

as required

(4) from (b):
but i{ (as given in quSﬁOI\)'fhen
=){an & =Cot¥

. A290°-% (.pom tan ond cot's (omplemenl'm-j
angle relationship)

would move parallel o the iaitial velotity

27
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Question 7 continued

(Total for Question 7 is 14 marks)

TOTAL FOR PAPER IS 75 MARKS
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