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Section A (22 marks)

23 4
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2 Express gi \/\/% in the form p+¢+v2, giving p and ¢ in terms of a. [3]

a:fd , 3+T = ©@+R3)(3+@) - 30+ ali+3fms 2

3-m el G-7)(3+7) 3
/ = 3a+d . 03 (2
We wask fo multily by the Conjuyie K M
Whith  ollows us To Simpiify +he
clnom: nodov. = P+ 2fa whew p= 3o+d oand 13 0323

3 3

i —1
3 The points A and B have position vectors a = [ 2] and b = [ 4] respectively.
=] 8

Show that the exact value of the distance AB is v 101. [3]

We wiu {-‘im. Colewlate the Velue of the Vectsv A_% :

ITI?%h-g- -1 C): -k
H|l-1a QU
)-(a) " s

We now will Shew the didtance by finding the Mognitude of the veche AB :

”Til = \/("")t"’ (a)1+ (q)‘l = 1ol a3  reguived-



4  Find the second derivative of (x* Wi,chH@%ﬁ?EﬂEQﬁ&om factorised form. [5]

Ao Dol e Rowd deivetie we muwt fint Ned the fint  derivedive
h .
let 5(1)= (3.24-5) then 5(1) = hxdx (11'45)3
2 Jin = Rx(xbs)

We new want o difftventivie ogein  and We will hewe te use he
P!\J.u.r.t Twle -

)} he) = 9x)-k&x)  Hhen K= 8(x)-Kx) + 300 -kix)
= Ouv hx)= j’(x)=%x(x‘~5)3 =2 3w = Bx henee Y@= ¥
ki) = (et s)? KEx) = 6x (x%s)”

3
S Kw=§70= SIx(6x(xus)?) + B(xt+s)
= h\){"(x‘&s)t-s- 3()t1'+5)3

let Y= *+S  then ,Y"(l) P H?:ﬁabt-\- 853 Munfpuldz into fnehvul fovm.
s » (x) = %3‘;(6:}*3)

s"(l) = 3(3.‘4-5)1( Gx'+ 114-5)

2 [ = 8(x%s8) (% s)




S5 Achild is running up and down aPpatsicédsmaihtied otodebadf the child’s motion is as follows:

e he first runs north for 5s at 4ms™';

 he then suddenly stops and waits for 8s;

« finally he runs in the opposite direction for 7s at 3.5ms™".

(a) Taking north to be the positive direction, sketch a velocity-time graph for this model of the
child’s motion. [2]

Using this model,
(b) calculate the total distance travelled by the child, [2]

(¢) find his final displacement from his original position. [1]

o.) let Newin o i Positive  direckion.

Veloesy _ m
(mr] .
1-
'-
(] v \J v l)
-1 s 1 1S 20 time (5)
al o
-3
-l 9

\) e todel distane  Hrovelled ‘)3 the child i3 a Jcolev Quanhh, Where divecten
does nct Maber . W Sum the distunces [l aer pont of the Childs Movement.

=) Aolol Divlance = Speed w time
=) d_: V.t.-’-\h.h. N}QCW. vl = "'MS.' ond bl: 53
Vo= 3.5ms’ ond t2° 7s
=) d= kxS + 3.5x7 = 4.5
2 Afobd Distance taveled by chid 5 hh.Sm
c) Displacement s fund by fisding he dijtance and direckon of ow chid in  relakion
o wher ﬂ\!:, Started .
Oiplacament = S= xS+ -(3.5%3) = -U.5m .

z> Since W hawe Negakwe  displicement , W Conclude that  the Childs  clisplocement
15 h.Swm  Soutin-




6 A uniform ruler AB has mass 282hysitdamgifatsTutdscdmwn in Fig. 6, the ruler is placed on a
horizontal table so that it overhangs a point C at the edge of the table by 25cm.

A downward force of F' N is applied at A. This force just holds the ruler in equilibrium so that the
contact force between the table and the ruler acts through C.

25cm
A B

e

Fig. 6
(a) Complete the force diagram in the Printed Answer Booklet, labelling the forces and all relevant
distances. [2]
(b) Calculate the value of F. [2]
o)
«We ;BWt W aety  downwerds
. RN * fove F octs  downwosds.
Sem A V0cm

>
C l
w

b) H%Vl,WQ. Wouk fo taMb Moments abewkt pow&. C on He do'ﬁalnm.
N°¥"‘3 thot 3By = 00kg , and g i3 tht Jravitubisnel Oonstouk, We haw ot :

N

I0x 0.028g = Sf

=) F= 10x0.00%8q = JOx 0.0V X 9.3 - 0.5u33
5 S

=y F=z o.5uanN
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Section B (78 marks)

7  In this question you must show detailed reasoning.
The function f(x) is defined by f(x) = x> +x* — 8x— 12 for all values of x.

(a) Use the factor theorem to show that (x +2) is a factor of f(x). (2]

(b) Solve the equation f(x) = 0. [4]
@) fom= =rxt-3:x-11

W haw thet (x22) & o F"&*W =) x:-L will g US that e Volue of
S(t) Wolwsked ob x:=-2 wil b 0 ie. {C2)=o0.

9 fta)= €3’ @-3ta)-n= 0

W uUR ths
2) 5(:&) =0 hence (x+d) 5 o j&dw of Je). to Gind cuk
. whak happens
b) foo: XexhBx-1220 ::-::-c when we
X+ [r7+x-3x-12  take cuk
=) S(x) = (x+2)(x%x-6) J fodu:s& Hinemiosl -3t quet (x+3) os
-x-Bx-12 o Po.dov.
= (xu.)(ma)(x-a) + x4 A
-Bx-12
=) x= -3 (epated) and x:=3 +bxn

(o]



8 Fig. 8.1 shows the cross-section &fysicafuidMathsiaot.aomide made from tarmac.

_L

4m
Fig. 8.1
The height 2#m of the cross-section at a displacement x m from the middle is modelled by /# = 0.2 .
for -2 <x<2. I+x

A lower bound of 0.3615m? is found for the area of the cross-section using rectangles as shown in

Fig. 8.2.
h
A
-2 -1.5 -1 —-0.5 0 0.5 1 125 2 P
Fig. 8.2
(a) Use a similar method to find an upper bound for the area of the cross-section. [3]
2
(b) Use the trapezium rule with 4 strips to estimate f 1(:2 5 (2]
0 X
(¢) The driveway is 10m long. Use your answer in part (b) to find an estimate of the volume of
tarmac needed to make the driveway. [2]

a)\Ne. wWont fo fisd an upper bound .F. e aro of the Croas- Sectien-

' Diuatm fov lower boun
W Wil annciwle. upper bound
e s s ——— TP
b e . e . ey 0.5 1 15 2

We hae that hz o heme we cum [ oub B folling bobie

xlo t05 1 L5 tQ
h |'ls “as ‘o Mes  /as

2)  Ara: (O-Ss IIs + 0.5x4/25 + 0.5 fip + 0.5« "/GS) xa
: Ax0.5( 'Is +4h8 + Y10 +'(25)
: 0.521S...

D An upe bound  fov the oren of the cmm-dectin v 0.522 (334)




b) We now want te use te  frapedium Rnysmmcwathﬂwrbomm J lox‘ dx

’l?-pe%‘.m rule with nzh: jj'(x) dx = T h[ Too. *‘/_J whewe h= Y4-0.5
Yoz s, Y. = 28, 112 Yo, Ya= /65, Yut ‘hs

' 8

A j o1 . . o:(vs ¢S + dx (s s g+ ¥gs)) = 0330761

(244

-)j  da = O aal (3 s9).

R) We now wank fo eStimat the Voluwe of formec needed fo mane e drivewasy

Avea: 0.3 =) Volwme = (0.221x10)x L s h.hdm’.

J |/

Aven 'ena}l«.

9 A nparticle is moving in a straight line. The acceleration am s> of the particle at time 7 s is given by
a = 0.8¢+0.5. The initial velocity of the particle is 3ms ™" in the positive x-direction.

Determine whether the particle is ever stationary. [6]
W  know that acceleration
iﬂ’aml&l)h!oﬁiy T differentiate  => V= J.o, db =Jo.$t +0.5 dk = Out’>0.5t+c=V.
Displacement

o kv t:o,v=3 henee out'voSt+c=3
» c:3 b& 8“58"3% in {:0 ,Mau V= out's 0.5t + 3.

We will now Llook ke See if the foriicle is ever Stodionary , Which Wowd occur when V=O.

Hene, V= 0 =) O.ue*+ 0.5t+3 0.

W Con now Work cub e dliscriminoat of this Quadiadic Wt azO0M, bz 0.5 and C=3
N 2

D b'-hae = (0.5) - h(om)(3)= -h.55 < o.

I (T equalien hes no rel foets  Since b-lac ¢ 0, hence i Velocily i3 nevev © and the parile
will never be  Stolionas,



10 In this question you must showrdgtitkAhtdaesNgior.com

Fig. 10 shows the curve given parametrically by the equations x = Lz, y= t%_ %, fort > 0.
p 3
y
A
BN &
Fig. 10
dy 3-7
(b) Find the coordinates of the point on the curve at which the tangent to the curve is parallel to
the line 4y +x = 1. [3]
(¢) Find the cartesian equation of the curve. Give your answer in factorised form. [3]
o) We want bo find %— whet  x:2'/8 920/0- e fo 0.
we Know that ﬂa Gy, ok, S0 we will First fnd G4 gad o
ds o dx olt dx
D B8 T then M oc -3t and 2= E dhen drs-ar?
. £-g. t.l dt - -2 ot
o odb . g
dx a
dr & & a FTRFY Lt at

L) line: l«,oxci =) V9= l-x = Lq-.";‘ =) %z-‘m

» M {’m‘,u\& will bR parasiel  when %'“'/H »80 Wa can Set 1he deriveive of e Cquedion of the

Cumve equal b hiv: dy = 3-t e -1 oand WR Now went te St for t, and henee X and y.
& at
) 3(3-4.‘)3 b ) A-t-C20 =5 Tuadrabic th»wJu : -53“‘4“.@. s \‘-'-«‘l-“(l)(-c) = 122 Hit= 2 and
2a u L t= -3

Sint 170, we Concuds thot e only Vesid Solwbiow i3 L@, whith W can Mo we fo fd X ond g

Hence , 122 o> xo'/0s L ok 9= 'e-"e=-3)

= > bt Courdinaies ave ('/l-u_""/S)




¢) Recat , x: —:'-,,- omd 9= %-—:- PhysicsAndMathsTutor.com

we ;hl. will riv\J. t in hums of U which will ollew us fo Subsiue this into our Squadien .F,, ¥

X= ‘/f.‘ =) {1: = o 4= x:‘n' =) 33 ! Y - |_ = I‘“’_ X"‘L tori
2 X (x."“’) I.-n. lZ fm-_ 8

DY E(i-\)

11 A block of mass 2kg is placed on a rough horizontal table. A light inextensible string attached to
the block passes over a smooth pulley attached to the edge of the table. The other end of the string
is attached to a sphere of mass 0.8 kg which hangs freely.

The part of the string between the block and the pulley is horizontal. The coefficient of friction
between the table and the block is 0.35. The system is released from rest.

(a) Draw a force diagram showing all the forces on the block and the sphere. [3]
(b) Write down the equations of motion for the block and the sphere. 2]
(¢) Show that the acceleration of the system is 0.35m s, (4]

(d) Calculate the time for the block to slide the first 0.5 m. Assume the block does not reach the
pulley. 2]

Nomol Keackien Force

[}
0) ktﬂ 'mfo e lks blook on debie Friction T Teasion
* 0.8kq rm)lavﬁins Spher Fe T Tession
° Friclion. i$§ G35 \hl)/ 2 We O8q Weijght
o At pest Weigwe d - ®

b)We now want to find an equakion of Mmotim for blosk ond the Sphee.
* e blesk will b Moving horitontuly, hene  T-F = a0

g '(hq. thm. will R Moving  Vertically hence  024- T = 0.3

c) W now will find 3he  occelRrabion of tht bleek

7

*We Pt wek ok friction s F2 MR = 0.35x3g = 0.5

as Sinee W 33 ond its net Moving hO'ﬂm‘u‘lo

=) 1’0?3 = da omd 0.33- T = 0.8a
) T= Qa4 0.?3 and T= O.\S-O.S‘Q

D aa..o.jss 0.%3- 0.3a
=) Q,%g: 0’.|3

D as OlxI¥ = 0.35mr™ as required.
a.‘ ——



d)

S = 0Sm We choose ow EfiysicsAngMathsihutor.com
W : Oms' S= uts ot

v = X G.5= +(c.3s)¢"

Q = 03Sms? o {t= 20

L= ? ?

Mence ¢ = _l;C%

—

12 A function is defined by f(x) = x* —x.

FFh) —1lx)

(a) By considering 7 , show from first principles that f'(x) = 3x2—1. (4]

(b) Sketch the gradient function f'(x). [2]

(¢) Show that the curve y = f(x) has a single point of inflection which is not a stationary point.

3]

a) fims x-x dhen  FGEw: (x +h)'- Gesh)

= 136- 3x*he« 3:'\..6 hs- x-h

=) 5{:} z lim (Iaa- 3x*h+ 3xh + hs-x-h) - (I’- x) = Jim 3xhe 3xh + hs-l'\ = lim ( 3%+ 3xhe h'- ) )
h-Y h n=-)o h h-e

) J’ » = 3x-1 os fequived .
b) Hert, we Wont o Skedoh Hhe Gredient funchon féo = 3x- 1

* U puabsle Witk tuming pomt  (0.-1)
* Routs: *e Y3 = x=t'/g = (%10) and (-.Tgn 0)

A \S‘"‘)
=)

-1 %\y_‘; )

c) We know thel o poink of iflecHon  Occurs when f”(‘x)’ o.
flx) s 3x-1 = 5\ tx) = 6x
'ﬁ\m f “M=6x=0 has one Toot, Namely X =0, which i3 ow foint of inflecton -

4/‘\18 i3 nd 0 S‘ld-;emvs Poiak Since j“(o)z 3(0)‘-| =-) # 0.
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13 A projectile is fired from ground level at 35ms at an angle of 6° above the horizontal.

(a) State a modelling assumption that is used in the standard projectile model. [1]
(b) Find the cartesian equation of the trajectory of the projectile. (4]

The projectile travels above horizontal ground towards a wall that is 110 m away from the point of
projection and 5Sm high. The projectile reaches a maximum height of 22.5m.

(¢) Determine whether the projectile hits the wall. [6]

G) Generally , We Showld assume that :

* W nealect aiv TeSiStance
. Qmmy is  ConStant
* W ol ows prejecile as o forkiete.

b) Ouw Coviesion Rquakiow. Can b %me& 53 r it CRM@ Ruatisne in beth 1he Verbical and
hotizontul Plane.

%X
Horivontel @ Ux= 35Cos® => X =(35Cos®)t = t= Tscse
. 1
Verdical : Uy = 355m® 9= (35Bin@)L- T Isustire In
3
o 9-(35sme)_X__ - ( X )
o 35Co8 0 35Ce30
's—'!'\‘{w\. CERCR §
2 Tx%.8 =
2 Y= Xtan(0) - L, 38; i
asoCos ©

c) S= 3a.5m (MN‘ heuawt)
W= 358in6 ms" (Verkicol direction as dealing  With h&lsh&)
V= o (Since the projeciie s ot peak of fligwt) /‘\
: -q8ms”

D Vs @+ Qs

O: (355me)s a(-4.%)(22.5)
2 LS Sin'S = hnl
D Sw(®) =06 o O= i“"

S

W New we this e with Coviesi i J = Xton(©) - = z o s S the
ang ouwr ian  eqguakion an(0) 250Cor'S and m 0%

dishnce e wat i3 frear e Start point.

D Y= lotan(369) - 10" - 6905 = Gm >8&m = e Projeciile goes Over e Wk
asocos(363) —
Checl<
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14 Douglas wants to construct a model for the height of the tide in Liverpool during the day, using a

cosine graph to represent the way the height changes.

He knows that the first high tide of the day measures 8.55m and the first low tide of the day

measures 1.75m.

Douglas uses 7 for time and / for the height of the tide in metres. With his graph-drawing software

set to degrees, he begins by drawing the graph of # = 5.15+ 3.4 cosz.

(a) Verify that this equation gives the correct values of / for the high and low tide.

[1]

Douglas also knows that the first high tide of the day occurs at 1 am and the first low tide occurs
at 7.20am. He wants  to represent the time in hours after midnight, so he modifies his equation to

h=5.15+3.4cos(at+b).

(b) (i) Show that Douglas’s modified equation gives the first high tide of the day occurring at

the correct time if a+ 56 = 0.

[1]

(ii) Use the time of the first low tide of the day to form a second equation relating a and b.

(iii) Hence show that a = 28.42 correct to 2 decimal places.
(¢) Douglas can only sail his boat when the height of the tide is at least 3m.
Use the model to predict the range of times that morning when he cannot sail.
(d) The next high tide occurs at 12.59 pm when the height of the tide is 8.91 m.

Comment on the suitability of Douglas’s model.

a) We hove thak h= S5.15 + 3.uCost

for hig tide W have Cost+) © h., = SIS+ 34 = %.55.,
Fo low kde We hawe Costeet =) how = S.1S-3.4 = 175

D Ahese Matoh  The high/lue  Lidt Volues  given in e Puestio.

L)
) W hove that high-tidR  occurs when tel.

When e %.ss=&|s-.3.uCoa(uu)L/ §.55-5152 3.4 whin Cancuts out
») Cos(asb)=1
=) asb:z Cos'()= o
=) 0+b=0 ,hence DowgleS medfied Qpuakion i Cowect -

) We heve thot o Minimum will occwy When  GE+bs 1807, Since Cox(x) is minimised ot 1BO°.

ond We hae { Sch thet t= 73 = 33 .
3

Aronfor, on oquatim oo low Hde  wil bo 175 = S5+ 3.4 Cos(BEast).

(/30 +b-180")

[1]
2]

3]

2]



i) W haw 0+b=0  and Pﬁge&psAmmhsTutor.com

b:-00 ond b= Is0- -a%o;

\ -G-*gg'.at 130

J%ou 13o%,  hene o= 2842 (2 dp) 05 reguived

Q4b=C, hens bz -28.42

) We will now predict I Tonge of Hmes that Dougls can Bl

We Set h=3 , which gives U3
3= 5.15+ 3.4 Cos(atsb)

9 3= 8515+ 3uCos(2mmt- 28u2) (we now Jee foo &)

C”(ﬂ%.uat- as.h2) = - 43 S|AYo+12q.221
6 17| cv 360-l129.224

(V4

28.42t- 28.h2 = 120.23H ond 98.42%- A8.h2 = 230.76

H t=35.55 ond t=9.13 3.3S hours = Shrs&_%gsom:..s

n

Thes 33mmins
Thrs+ 12 60
({2

[

9.12 hours

Thes 7 mins

L] Doualu does net Seil betwesn $:33am and ‘l:o_‘fm.

"

d)
* Ow model [redicted thoi every high tide s B.55m.
© M next high e (3-am) is higher, Whith Means thot the Model i net perfecily modelling Tealiy.



15 Fig. 15 shows a particle of massPhysicsArdbathsh yibmeoinclined at 30° to the horizontal. Unit

vectors i and j are parallel and perpendicular to the plane, in the directions shown.

Fig. 15

(a) Express the weight W of the particle in terms of m, g, i and j.

2]

The particle is held in equilibrium by a force F, and the normal reaction of the plane on the particle

is denoted by R. The units for both F and R are newtons.
(b) Write down an equation relating W, R and F.

(¢) Given that F = 6i+8j,
* show that m = 1.22 correct to 3 significant figures,

* find the magnitude of R.

a) i: Posatdd o plane  and ) perpendicddas to plane

Woe-Wei - ond Wi =

W= (-mglind0)i + (-mgCorde))

2 Wos (- dmg)i + (‘L:"'s)i

W mgCos3c —_—

Wi

m,?n
b) o footiete i3 in  equilibrium. , hence the net fgu will add o Zere.

= WeR+E= O,

——

C) f= Ggo?; and Ow Yesaliouwk Fva R s fRrpanditcdas 118 plane hence K= ®;.

Ahen We Susiiule ink e Cquotion W+ R4 F =z O
9 (mgli s (~Bomg)i « Giawirgy s o

v “;1."34620 :‘3 '%m96%6280
2 M= 622 =).30 as Mryuired-

[1]

[6]

a3 — o -L:u.aa.‘% +8=-R = R= 235N





