
 

1 a we need an equation linking velocity with force and power since

velocity is unknown but the power and resistive force is given so

we use the equation P Fv However we resolve first using F ma

Also sincevelocity is constant the acceleration is zero

D 200 v2 750 0 D 200 v2 We can substitute D into P Fv

where theforce F is the driving

force D

P Fv
200 V2 D

12000 200 v2 x

750 12000 200N v3

V3 200 v 12000 0

Now we can either solve or substitute the equation

20
3 200 20 12000 8000 4000 12000 0

20ms satisfies the equation

b Set up a diagram labelling all relevant forces
sino

ñ
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P 15kW 15000W

10m s
750

200 V L 75090050
75095in0 L

70 750g

To calculate the driving force we use the equation P Fv

where the force F is the driving force D

BIPPI 1000 1500N
10



Now we use the formula EF ma to find the acceleration

Ʃ F ma

D 200 v2 750gsino 750A

We can now substitute our values of D V g and sino then rearrange for a

1500 200 1032 750 9.8 5 750 a

1500 200 100 490 750 a

710 750 a a 1 0.94666666

0 94.7ms 3 5 f

72 34mg AB 21 21
length 1 AC 851

A
tanα 52 2

7

sinx Is cos 13 c

α
β 81

To calculate tension we use the formula T

Tension XE
mgf 3mg

We can now either draw a table showing the energies at the start and

end or simply label on the energies on a before and afterdiagram

Way 1 GPE EPE WorkDonebyFriction

start 0 T 81 0 IfewffÉthÉppi
Fmax T

End mgsinaxt o
puggggy

negative sign



Way 2
Energystored

in string Energy from gravitationalstore aA mgsinxxt
Workdonebyfriction 1
pmgcosαxt21 C

BB

k k
Start End

Using the Conservation of Energy Law meaning the energy at the start
is conserved till the end meaning they are both equal Therefore we can say

Energy before Energy after

Tx 81 mg sin T t pmgcosxx T

Now we rearrange for µ after substituting in T

mg 851 mgsina Ee ang cost 81

mgsinαx l pmgross e mgx 0

Here we can factorise mgx and also cancel it

mg x81 sinx picosa 0 sinx picosa 3 0

Now we substitute thevalues of sin and cost to solve for µ

3 4 0

13 1592

p 192 13 24 0.396 3 5 f

3 a To calculate impulse we take away the initialmomentum from the final
momentum which essentially is the change in momentum wheremomentum

is mass multiplied by velocity



I mV mu

I 3 t 3 1
I 3 3 s 59 3

I 91 3 3

Find the magnitudeof the impulseusing the I and components

1 I
111 59531737 530

9 7 1 03 it i

sit 91 1 nce is a positiveconstant

103 7
9 x 1 49

7 1 49 I 9 3 1 I
7 1 91 71

b To find an anglebetween two vectors we use the dotproduct

fffy cos which means we need to calculate lal and lb so

191 22 12 F Ibl FEET
Therefore we can set up the equation and solve for 0 where a 1 0 3

3 1
ftp.p p oso2Efft coso

coso
f g rsIa

O cos Fa 80.13419306 80.1 3.5.7



4 a If in equilibrium the sum of the vertical forces is equal to zero

length 81To TOSO SO T
may m

X Kmg

Tsino Tsino

7T31
St

2Tcos mg 0 i T mg using the fact that forcesup is

2T cos mg equal to the forces down

2Tx mg

We should also find T in terms of k to equateboth and solve for k

T E kmgxf.lt my T Egmg

Lng mg r 28

b We should make a new diagram to account for the new extension

e ast cos
s

T r 7 T

231 T ms e
se

EgEv

Now we use F ma to find the acceleration 29mg

EF ma

2Tcoso mg ma

2 29mycoso mg ma

4gcos0 g a a 4998 x 98 239g 115m52



C Extension Extended length Original length 4 1 81 311

The formula forelastic energy stored is 2
Elastic energy stored 1 E r mge J

EPE used Gain in GPE Gain in KE

129mgr mgfJyy mv

Now we rearrange for thevelocity

mv 19mg mge

1mm mgt v2 322,91 v g ms

d The modulusof elasticity 7 may be inaccurate

5 I

2 I e

a L D
3 134

b I
V

A e z a B

Let v 5 be velocity after impact with AB

Wealsoneed to consider the point to definethe direction DT whichis perpendicularto BE
whichallows us to break thevelocity v into componentsalong each direction to account for
theball's motion in each direction after the impacts



Its also not necessary to resolve V as we can calculate it directlyusing the rebounded components

of V in eachdirection and addingthemtogether

When a particle collides obliquely with a wall the impulse acts perpendicular
to the plane of impact meaning only the perpendicular components are

affected a meaning the parallel component remains the same a 2

We can use the value of e to find b

e 111 18
0 1 25 3 b v

BC 1 DX the unit vectors for each vector are

BC PE It and DX EY 1
Now we find the scalarcomponents of V in each of the directions

Componentof v in direction BE YETI f 212 2

Component of v indirectionDX v.pt E f1 1ffl ff
thismeans the vector components of V in each direction is

In direction BT 21 BE 2ft s 2 3
In directionDX Fox DX ffx 35
Now we simply sum the vector components to find v because the total velocity is
made up of it's parts in the directions of BC and DX

5 fi t i
V I 1



6 a We can first draw a diagram of each balls velocity before and after

Before After

4m ru 3m
4m

3m 32OR

u um

i Situation Using Conservation of Linear Momentum

4m X ku 3mxo 4M Xu 3m 32
4k 4 1 k 1 98

Situation

4m kill 3mx0 4mx u 3mx 32
4k 4 92 k 1 98 18

e 4

However e cannot be greater than 1 k k 11g

Ii Since k g k which means e 312 it
b The loss in kinetic energy can be expressed by the initial kinetic energy
minus the final kinetic energy

nine Fitting fairies
2381mm 43mm 112mm I



We can use trigonometry to
T

a
using Ucosa find the distance between the

2a line of centres butalso sine
and cosα

k A 4
39 za

2at2a

I 2ug A k
Fa

2a
2UCosα

Lusinx

v
sin αL

cos α 74

Using Conservationof LinearMomentum along the line of centres

3 mucosa 2mx2ucosα 3mVA 2mVB

where VAandVB are relocitycomponents along line of centres aftercollision

e f 12T b Va Uca

VB Vatucosa

Subsituteback into originalequation to solve for VA

3 mucosx 2mx2ucosα 3mVAt2mVB
We can first collect like terms on the left hand side and cancel m

i UCOSX 3VA 2VB
Now we simply substitute our value of VB and rearrange for VA

UCOSX 3Va 2 Vatucosa
UC05α 5Vat2ucosα
SVA 3UCOsα

VA Zucosa



Impulse on A Changeinmomentum along line of centres
Since there is no change in momentum perpendicular to line of centres

Impulse 3mVa 3mucosa 3m fucose 3mucosa 2 mucosa

21s mux I GI mu If Emu Gfmu Ns

b Speed of A after the collision

Vlasta ftp.cnet
Fff 3Eur ms

c The impulse acts along the line of centres and not in any other direction


