1) a) We need on equation Llinking velocity with force and power since
velocity ic Unknown but the power ond reristive dorve is given <o

we v&e 'H’LL equabm P= Fv. Hovwerer we resotve .Prst VS\"'\S F =ma.

Ao, since velocity is anstant, the awelrabon is zero .
We con svbstitte D in P=Fv

“D- ( ) = 750 (o) < P = :
where the force (F) is the drving
. force (D).
v - P=Fv
o 2000 = X v
1560 g 12000 = 200v +v2
V34 200v—- 12000 = O

Now we can either solve or substituke te equation .
(20)3+ 200(20)-12000 = BOOO + 4040 - 12000 = O

V=20ms" Satisfia the equation .

b) Set up o diagram labelh’ng all relevant joraes.

/V’/
D
750

\

/ \9 7604
Fv

To calculate the driving jorce we use the equation : P=
where  the force (F) is the driving  force (D)

P= 15K = 15000W

V= 10m/s

l

“ P=Dv
V \0



Now we use the fomula: EF=ma 4o find the accaloration.

EF = ma
D - - = 750a
We con now Substitute our valves of D, v, 9 and tuen rearrange for a.
1500 - - =750a
1S00 - - = 750
710 = 750 a= 710 = 0-qu6b6666. ...

750
~ 0-947ms' (35.1)

2) }-:%mg AB=2L
AC= %L

To calculake tension, we use the pormwla T=2
L

Tension = Ae = 6"‘3)(2“ ) = %MJ

We con now either draw o toble shewing the etnavgies ak tha Stard andl
end or simply lohd on the enugies on a beyare and after diogram.

Way 1 : GPE EPE Work Done by Fridion :
" Frox iS negebive as
dtart 0 Tx st o the work dene opposes
= = the mobion hence the
“Fmax * neqative Sign .
Ead | mgsinaxT 0 o q Sign
- Mg xT




Wow 2:

Eneryy from grouitational Stre :

Energy stored in string

=Tx %L = mgsinex T
Wark dome by grickion : T,
= -pmgeose x T >

Start End

Usinj the Conservahon of Eneryy Law meaning the enagy at the start '
is conserved till the end meaning they are both equal . Tharegare we con Say:

Eremy begome = Bumy ogter

Tx8L = mgsindxT + (-pmgeosexT)

Now we rearrange jor [ apter substituting in T .

.fl_mjx.%_l=mj x 2L — pumg

mg *.SS_L - Bmy

5

Here we can pactonse mgx L ond also concel it .

5
me%L( —‘4 ‘%):0 _t,l -%:O
Now we substitute the vaues of and to sdve or Q.
- -2=0
AE
-9 - [ 8 =0
S2
2y =4
3 2
=131z _ 247 0-2396 (3.3.;)

"TH TSR T o2y

3) Q) To calcvloke impulse , we toke owoy the infioA  momentum fom the fnal

Mmomentum  Which escentially 1€ the chcmg.e n mementywm  where Momentsm

IS mags wwiiplied by velacity .



I=Z‘E—l)m_u3()
L= 3?\ () (3&3) (3 )

© T = -+ (32-3)]

Find the magnitvde vf the impuite using the & and j components:

|| = JEa)" + (2a-3)* = {izo 3
v i y
J 81+ q('f\—'])l =_JI30 H"% = ‘-_% |——3-= —_g_

Since A IS a ]JOSi‘HVe onstant |

81+ 9(a-1)" = 130
= !Q- -1
(a-1)= 49 AR AT
(x-10)'='g - D=9+ 3(%- 1))
A-] =t1 _ , :
3 = -QcC+ 7‘1

by To find on angle between two veckors, we USe the dot product

.C_Lllﬁ = cos6 which means we need to caaulae [3]| end lb] So:
le (el
1al= (92412 = {5 {b]=J(—I)1+(%’J1 = Jﬁ;

levefm wt Ccan Sset .Jp-fhn.qua:tiun and solve {-0" 6 uwhaure gzz(})’ba(‘%)

() ()
l = = cosHd 260+ (1) = s©
{22+ (G4 () =g

* coSO = _L’_/3_ = '
JsS {fos J=109
3

0 = cos” (G?ﬁ) = 30-12419306 = 80 1° (2s1)



4) @ Ig in equilibriom |, the sum o} the vertical forces is equal 4o zero.

length = &\
\/ mass = m
8L
2
e Sk
2 -mg=0 =8 mg , using the fad thak forcet up is
P = Mg c oqual > e forees dewm.
2Tx = =mg

We shovid aso find | in tems of '« 1o equalz both and solve far

_ e = K(lOL'&\) = =gM
L 4 T

= B =2 5:-5— K=‘g'—9'=‘-‘—9-

—~ " ™3I T 57 7 ¢~ 3

) We should make a vww dicggram to account §ar the naw extension.

A 4

3L
16

L
N\

L)
[ scoso= 3L =g
20
Zo 290
=\ <=L e
2 l 3 = 1'3- &L) - 2\
3L &

Now we use F =ma to find the acrieration

SF=ma

2 —mg = Mo,

ax - Mg:M&

'ige -3 = & o = ':IQ(q f)x —(‘lg) 233 = “2-771\5—2



Q) Extengion = Extended lngth ~ Origirak langth = P~ 3. = ':gét

.Farmula for elostic energy stored is le,

Blaghc energy stored = e = ( J -'G’—O-mgL J
Ix3L

EPE used = Gain in GPE + Gain in KE
60m — 20 \Z_ 2
e S [EDRIC

Now we vearrange for the velocity :

Lmy? = €0 - ‘Gm L

2 279" 3

Limv?® = L& mgl 2= 37— L v= |3Z ms”’
2" 213 Y 77 27

d) The wmoduus o} elasticity Moy be inaccuate .

5)

"
(1¥] o

O

A | a

Let v, (%) be ~velocity apter impact with AB.
1o define the direction which is perpendicular o §’C.

We also need 4o wnsider the poink
which allows vs to break the velocity v, intp compenents along eoch direckon to account fov

fhe balls motion in each directon apter the imparts.



Tts also nat necessary to resoive Y as we can calcvlate ik directly using the rebouwnded components
6f V, in each direction and oadding them together .

Wha a porticle collides obliquely with a woll, the impulse acte perpendicular

to the plane of impact meaning only the perpendicdar components ore

o4fecked (0-) ™meaning the parellel component remains the Same - a =2 .
- We con wie the vawe of to gind b.

2
b v 2=3 L b=3 & Y =
3 2 ' (3/2)

EE=(-' * the unk vectors for each veckor aore :

Now we find the scalar componunts of V), in eadh o} +he directions:

2\ (-1
ComPonem' of Y, in diredion gC = vV, B = (3/2)'{3) -2+ Y2 - 26
|BC | Jlo lio Jio

"
wi-
-~
n
+
Njw
g
n
N
(1)}

. ()
Cam?or\ev\i- af v, in direchon = V- = 3\%4)

This means the vectar components o V, in each direction is

In direction BC ° 26 « BC = 25 , _I__(-l) = &,_5(-1)
[¢]

] fio o \2 10 \3
In direchon 254 = 25 , = 25
Ji0 Ya) 10

Now we simply sum the vector compoments to gind v because the totod velocity is
Made vp of &3 parts in the directions o4 BL and

gl w0 - (-

. :—.1--!-.
\'s Lt 3l



€) @) We can girct draw o dizgam ©f each balls’ velocity begore and ofter

Begore

Apter
JO
@~ @ | O
OR 2
ROL
() Sivation © Using Conservation of Linear Momentum

Um X kW + 3mx0 = 4m XK + 3 ¥ 3o

2
L = 4+ L w= |+ L -
$ itvation @
Um ik +3mX0 =Umx-w 13 x%
= - ﬂ- = - j-:._‘_
Lk 4+ 1 k=-1+1 =%
_ Speed o4 Seperation _ %‘L—*& _
~ gpeed of approach - Tw =Y
Howexer, Canrvt be greater than 1 - k;Ls k=%

) Since kK#*L , k='—87-

g which means

B) The loss in lintic erargy @n be expressed by the initial kingtic eneqy
mws the finak kinetic enagy .

Initiok KE Finak KE

\

M

" Loss in KE = 3‘. Um L?u_ [( (Hm)(u‘l) (sm)(i)z)]

= 2890 — Bl = Wt T
2 8

32 F

0



We can use -I-n'aonav\n,’mj to
find the distance between the

line op centrec but also sinx
and cose.

20t2a

I~

N7 &

24

N =3
1alo'¢ v

coSol = *1_:7.

Using Confervation 04 Linear Momertum along the line of Centres:
3mucose = 2mx2ucosed = 3mV, 4+ 2ZmVg
where V, and Vg ove velocty omponents along line 0f centres apler collicion.

= = Ye-Va Ys"va = UcoS
3ucoset Vg =V, + U5

8ubsitute back into original equation to Solve for V),

BMLLCOSOL" 2 X 2ucot = 3MVA t 2MV3

We can pirst collect like tems en the legt hand side and canceX m .

—ucosk = 3V, + 2V,
Now we simply substiture our valwe of Vg ond rearmange for Va .

—USet = 2Va +2 (Vatucose)
—WUCofd = S5V, t 2ucost
SV, = ~3uwcosa

= —3
Va 3 ucose



Impuise en A = Change in momentum along line of certres.
(Since. there is no change in momentum perpendivvlar 1o line 04 centres )

Impulse = 2mV,— 2mucoset = 3m (‘%ucosx)-gmucosm = - %mucosx
= —2M4 ﬁ = - _6J—7 = 1- wtv\u I = 6£7 <
mux 2 57 mw | T| = S MU N

b) Speed of A apter the collision :

s A (usmoﬂ) J(3“ J') + (ux%)z

2 -
= | 8w, W o 3l mg
Yoo = 16 5

9 The impuise acts along the line of centres and not in ary other direction .



