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Part A — 15 marks
Attempt Questions 1-15
Allow about 30 minutes for this part

Use the multiple-choice answer sheet.

Select the alternative A, B, C or D that best answers the question. Fill in the response owal
completely.

Sample: 2+4= (A) 2 iB) 6 (C) 8 (n 9

A O BE @ c O D
If vou think vou have made a mistake, put a cross through the incorrect answer and fill in the
new answer.

A @ B CcO D

If vou change your mind and have crossed out what yvou consider to be the correct answer, then
indicate the correct answer by writing the word corvect and drawing an arrow as follows.,

Ve
AW B W c O D O

Question

1 The science fiction author Arthur C. Clarke once stated the energy gain necessary
to get into space in terms of the height of the wall you would have to climb under
constant sea-level gravity.

1 A = low Earth orbit
6375
Wall _ _ : :
Height sosdf =~ "2 B = geo-stationary orbit
(km)

g -

C =Dbeyond Earths gravity

A B C
Positions in Space

How muchenergy would need to be expended to lift a satellite, of a total average
mass_ of 1000 kg, from a low earth orbit to a position where it remained in the
same relative position above the Earth’s equator?

E=ing 4.
(B) 27x10"7J

2 A'pendulum can be used to measure the acceleration due to gravity. The equation
T=2x (1/ g) is used. At a distance R from the centre of a planet the period of

such a pendulum is found to be 10.0 seconds. What will be the period of the
pendulum at a distance 2R from the centre of the planet?
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A WRgravity is .‘{._ e shength as & R, THIS Nadtiplies /é by 4 and st ‘,’g Nerectes 07 o fotey 72

(C) 20 seconds

3 Which of the following is a correct statement about escape velocity?
-, . B ’ £ - . g J S 3 i
if ey angl o> b shallaw o wil] bounte o and if tee Seg 1o wll fuat wp o much

(D) The initial velocity which projectiles must have to escape the earth’s
gravitational field.

4 In the slingshot effect a space probe swings around behind a planet and emerges
with increased momentum and kinetic energy. Which of the following is the
ultimate source of that energy?

The Manst slows down (nagliGidly ) thas lting &y easrny

(C) The kinetic energy of the planet.

5 Which of the following was not a postulated property of the aether which was
investigated in the Michelson-Morley/experiment?

The ABUr wiag ticuntit o e Myisiéh

(B) It was the medium carrying light waves which made the aether visible.

6  Which of the following is the best description of the outcome of the Michelson-
Morley expetiment?

T+ o tanea tiu nudl resoits s faled e ditect wn Yy motimw mrbu% o aeboy-

(A) Tt failed to detect any motion of the earth relative to the acther

7 Refer to'the diagram below, and assume frictionless bearings.

F is the only force being applied to the blade of a steam driven turbine in an early
power station.

What magnitude of force F must the steam apply at B to produce the torque

necessary to generate a current of 15A in a 500 turn coil which is in a magnetic
field of 5T?

Petrus Ky College HSC Pre-Trial Physics-Solution July 2007 Page 3 of 20



Generator
Terminals

R Steam F
i
Ay the Frmudn E=ndeh  and £2nBil = L5 PN Tz Fd.
(D) 1.5x10°N

8 A field of magnetic flux density (magnetic field intensity) 4 T could be formed by
a magnetic flux of 2 Wb passing through a circular coil. What is the radius of the
coil?

Apply ¢)8 = BA Whyr A= nR®

(B) 0.4m
9
X X X X
o ¢
X X X Ea
X X X : X
X X X x
X X X % g X
X X X ¥ EX —r.
X X X ¥
X X X 3§ £ X
X X X X X
X X X X

Faraday’s Law can be expressed as € = - A ®p/ A t. Where € = induced
emf, A ®p = change in magnetic flux, A t= change in time. The square
metallic coil (see diagram above) has 100 loops and is in a magnetic field
where B = 0.60 T. Over a period of 0.50 s it is pulled smoothly to the right
into a region where B = 0. What will be the change in the magnetic flux
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through the square coil, the emf induced and the direction of the induced
(conventional) current?

17 0m s Afgrmuda and '”IWA»FMI‘V.LL (RHR J .
(D) -1.5x10°Wb, 03V, clockwise
Which of the following alternatives best describes what a simple, 240V, 50Hz;

AC motor will do when switched on and allowed to run at the rate of the current
supplied?

10

AC motor rotalss ar 50 revolubne pur second sy 3 58 revoludn i< per minute
If slower spupda are requured, thiy are wied o spasd. redu cang guardox, A Wao Frund
N chchric clacts, o ctre clrills, fans ...

(A) Spin near 3000 revolutions per minute

11  Which of the following statements best describes the generator in the diagram
below?

Direction of rotation

3 Temminal 8

(C) _This is an AC generator and at the instant shown in the diagram Terminal
A'is negative.

12 In an ideal situation there should be no power loss when changing from one
voltage to-another. That is, the primary power will be equal to the secondary
power, or Pp = Pg.

In these circumstances it is also possible to calculate the secondary current, Is.
Which equation below allows Is to be calculated correctly?

(A) Is=Iny/ng
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13 Cathode rays enter a 0.1 T magnetic field at an angle of 30° and at 5.0 x 10° ms™
as shown in the diagram below. What is the force on each electron in the beam as

it enters The magnetic field?

Wl :
- :1 Magnetic
5 field
Wy
s
-
~
Cathode
rays

& -~
SO mbl.

n 7

41\;\1# F= 841/ (Where 944 ﬂ;’Q, B- 0. T, b=

(B) 6.9x 10" N into the page

14 An FM radio station transmits at a frequency of 102.8 MHz.

What is the energy, in joules, of each photon emitted by the transmitter?

. o . N
E=4f 2L 5% 102.8 45 = €,8427(C "y

(B) 6.812x107°

15 A current is passed along a square M .

. agnetic
semiconductor rod as shown. Half of feld

the current is carried by electrons and

half by holes. A magnetic field is then

applied to the rod at right-angles to its ~
axis. I~
Conventional
' cument

Which of the following correctly describes the movement of the electrons and
holes in therod when the magnetic field is applied?

Psitive holes How.y 2 o daegn, ecrins Plowng 1 tht othar dte cfsrm , will ipdrertya o to e Same
scxle ofphe v oL

23

(C) * They move to the same side of the rod.
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Physics

Student Number:

Part B— 60 marks

Attempt Questions 16—27

Allow about 1 hour and 45 minutes for this part
Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations.

Question Marks

16  Figure 3.21 represents a stroboscope photograph of an object projected from a 4
level surface. The stroboscope was flashing at 1.0 flash per second (a frequency
of 1.0 Hz). The vertical scale is deliberately not shown, sinee to do so would
allow a simple method to be used.

Height

010 20 30 40 50 60 70 80 30 100
Horizontal distance {m)

(@) What was the time of flight? 1

here cire U prts b isceond Mtervals. asefore tha tine a{’/&%;é/’o‘a 22,0 sec.
(b). What is the horizontal component of the object’s velocity during flight? 1

e ofjoct simpacts ot 86 m - in (05ec . Thn the Aorizontad comparent o/ vabocrty
Ve2.2¢"
e Gs

g.cms’
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(c) What was the vertical component of its initial velocity ? 1

TALMJ,}‘/- Jaiched W}T)MW# at &= 5 Sec and wWhup V#:O

({7 :uyrﬂ-t

°‘—=U¢ -49.fx 0

4y = 4q.0m35" | Thvertical eemponint sf Velocity @ u z4qens’.
) . . e P ¥

7 <

(d) What was the maximum height reached by the object ? 2

At puipim Pt ta vertizal eopprent of v veldcily) is Zetrp

2 2 .
"7"“;"?4‘3} =0
gt - X 9.8 x5
“q 9 Y

T/wcéa’m%: 2ol a3 m

4.8
17 5

(a) Explain how the mass and radius of a planet affects the escape velocity of 2
a rocket that is to be launched from its surface:

Escape velocdry o e verticad Valocity thate: pagectile woadd Naul £s pint 0Cape the
o o fold of o planet (B8 gven by e eqialisn

}’;:jﬂm So Zw. X m}\.&nw < K L meang ‘))I/'Df?ﬁ)'?’??)m./)

-1

e W,

(b) Isaac Newton hypothesised about the motion of a projectile launched 3
horizontally from a mountain top. Outline Newton’s ideas that led to the
concept of escape velocity.

Itz Vewron sadt thné ,

B <

Y N if @ pajecil (le stome) thrawn far enovgh thap | a) the Stens fdls,

" (/ ‘, y CThe Barth’s surfaee curves away , So that tha feddyy stow never

‘\ \ / ,', ' Lands o tha grouna and crbits e Enrtds. I} was @\Z«;:.HWUML-
‘. - 9 e perament

4 /j[ Hhis spcdfic yaloofy excwdel slighthy | e cbrect willfsdon an edpticod ovtyt aveund the arid,
5 L‘éﬁ"i Shecic veloaty ecatdtcl further, ¥he vdjeci will ol o pardetic or Ayperbetic patt
Qwal 47om the earth
¢ Toercaps th sardh's gravrecimad field | tha Zitial velscity Ryuived 4o cehicye s
S Kpawn as escape vrlocety .
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18 5

(a) For a satellite undergoing circular motion around a planet, the centripetal 3
force is provided by the gravitational force. Equate centripetal force and
Newton’s law of universal gravitation to verify that orbital velocity,

V =
Cen 7 vetalfpree Fo Mlocte ¥ > Were 1 rxdius opBarthe odbtudt
. 'y I
Crawijatymad feree f; s G Nsat Moty = € 330407 n p ghttuds
r= m - Bt
£ /] v 2 ; g Ve oy VR
c:’;: Satle. R G?&éﬁeﬂ G = €67.¢ Ilﬂ’%y.
r e
Reapangnyy V= s G Nearss
=
(b)  Use the expression from part (a) of this question to calculate the orbital 2
velocity for a satellite moving around the Earth in a circular orbit at an
altitude of 300 km.

(Use radius of Earth = 6378 km)

. e ~
GiVen G:é é;’ /¢ ' /Vlﬂi;%' /
N -5k 0ty
r = 6378080 1368060 6678800 in

-

Vo oy 6.6716", 5‘77/624

. 7 n
Vuds s—— ° 54110 < 71,58 Vs
19 6
(@) Explain what is meant by the ‘equivalence between mass and energy . 2

N Enstem Made ap inferne and stalel that themnass (er merlin) of Bt edzect
Con dan the exlra tnery. .
. ,Q,,‘mivv,-‘;y resadls i a new it m of ety oy fotlerys £ = L"; rme =
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o Wt an sbpect S Stectinary, £ -0, & 50 Aas some mrqy dus to (5 mss.
zﬁmmuléu/fs/maseﬂe{%wmtfw E=mc*
whore & = ret eheryy (J ).
.Mw#mm5memsﬁ@4a@iq#m%mnhswoqmmwnaﬁ%wm”msww
ey ~ Bt mass fas an erugy LquValat and vice Versa.

(b) Most celestial objects outside our Solar System are too distant to reach at 4
current maximum speeds. Discuss the prospect of near light-speed space
travel to such destinations with reference to relativistic changes in mass,
time and length.

Culetind obpect (o Foxima Fbpraard at Aspeed of 0. C v 10710 Yy Sped of Lpht
ow long wwidd Such g _jeurney take ?
Distunce te Progine #¢ b LY = 378& 7./0’3/<m
S}wat 67 £.iC = 408 ,05’;<,,, 2
T takeps £ . 78(./10 em

A a2 ] V /c'?‘ﬁgﬁmb‘
A Shipnler cadcadation = 4Cytars O LJRAFS:

35'06"06/"13: “4oytars

3 (¥
x if i}/ 2 UOyars, the rest time 7, (apaed o Ha spaccratl can be colbealatod
4 t i oo .
b:-——-———-’> 'é ‘é /,—(ci’)z = Rém)‘- = 39,799 Years
V- )’ = ngarszq.zday_y
e spteeraft iracheo di Qeolinadton 73, 25 days oy Two.and-Radf months,
Shortof 4o yurs.

— _
Meshodd 2 . cepqlh cmf)ﬁu‘ﬂm LV :.Le "/ ["({)z =) A&lj I—(o:/)L
239799 L 1.
‘e = disfance = 3 7777 C Yeors
$/u.lJ éic

= 39,799 gears = 3qyans 292 days
T/lw WM/\& Wha&ﬂ Gu IV\M\Q 't‘\fbf Mﬂh\ﬁm can Aduve L(/p.n 5/\.“& ﬂq(/@é

whene spaedds - betme " relativistic”

20 A current-carrying conductor is placed in, and perpendicular to, a uniform 4
magnetic field which is represented by the arrows, in the following diagram:

EENEENEERN
RN ERNE
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(a) On the axes below sketch a graph that shows how the magnitude of force 1
on the wire would vary if the current in the wire was increased.

A
Force
(N)
.
Current in the wire (A)
<0, o FoTee(N)
a) - Fon  F=Ril
, i A i /
P } 7

- >
F AN

B Cum"#‘ )

(b) Describe how a varying current is used to produce sound in a loudspeaker. 3

# (ondspuake s changeo eletneal iy 1o Seund entigy
HUbng B féree op w current. cz://’};’)y wive ih afieli B
.; (Seafey ).
i The fovce /s exeérted en e coil €ecaucie (3 M a magreh.
Fredd B
TRe foree postuo tha corl € Bar inio o7 outof the B

P g

\ A

The motan f duenl caurethe cene o vibrate , e reatng Sound waves
tAe ajr
Rearyg carrent 1S e tuitd To procluice seunod  ecrare curren t
S pnfxp‘rﬁM o the force that pustwo the corl.

21 Students carried out an experiment where they took four pipes and dropped a 5
magnet through them, timing how long it took the magnet to fall. Pipe A was
solid copper, Pipe B was solid aluminium, Pipe C was solid PVC and Pipe D was
copper with a vertical slit the length of the pipe.

Petrus Ky College HSC Pre-Trial Physics-Solution July 2007 Page 11 of 20
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Pipe A Pipe B Pipe C (F;Ipe D
Aluminium PVC CRDEr
Capper with slit

The students’ results showed that the time taken for the magnet to fall through
the PVC was equivalent to the time taken to freefall the same distance. Pipe D
was the next shortest time followed by Pipe B and finally Pipe A. The time taken
to pass through Pipe A was almost three times the time of freefall.

Explain the students’ results in this experiment with referenceto Lenz’s Law.

The tiiny, trken tofoll For e hagngt was 1 creler ef, decreasing ¢Shorteud 4ime ) |
A S B > D yPuc
Ape A cophar allovs the eind Meuced to c/ete _eo(dg Cllrrents that wril
CpnLH Us motiivy -

Ppa 3 allummium Mlows dha enf mclucid +o cirewte eddy curments , hovever
Ao Not ad STy al copplr | THhas & hopher ez sistncs Bun Coppur .

Fipe D of e toppar sUt onley , Be em f alifough 2stablishuct burt Loes Not
Aavi a complete Circeck

/947'14 ¢ o Prc . ne eMrye wo avai labde o meve ne emf, drops odewn dhe quickest .

wipzslaw SRla that an Mouced caerint wll fovm War creates 6 ppagrakie foolo( T
oppele the crigidd change M flag

22 Below is a photographof a hand-operated AC/DC generator. 5

SPLIT RING
COMMUTATOR
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(a) Identify the function of the split-ring commutator in this generator.

the eonpmutator @ <o ipachani &l Swikth Gat aidep oty colly ehanges G

dreeh\ny er/ the cerment Flowing threugh tha 1/ wken tha torgua
fell to zerp

The st rme Commutectsr endutd cFa split metad nhjj cach PRrE

of which 15 connected 0 edther end of B Cevl.

(b) Compare a DC generator to a DC motor

AS Mool rofaleg , prst e N 4 and Ben the oher ake emBret woth a tush
Theo reyerse tha AR e hCurnnt thragh Hu corl. Conducching confacts
Callio brustes connect the
Conmutedor fo the DC Source

4 emf.

vanadie ixsistyr

_ ot ! Unversed invhor

23 Explain how an understanding of black body radiation changed the direction of
scientific thinking in the early twentieth century.

Petrus Ky College HSC Pre-Trial Physics-Solution July 2007 Page 13 of 20



o Plencik Suggested that tha power racliatedd from a AgaleA r67).o* varies wi th waudogifh (A)
and wmparature (T) . Usudly vay (A7) lpund on $a charmeierishes of the ebpicr.
 fivkser, the facatim emitted thrunh a small spndng Frem A cavity dpesnot depand eithor

on the magerial ¢f ds wall v on tha shape of 2 Canty and b Aate.,
- The cavity mdisdon sbeys « unVersal baw of Naturs apd ackao a pofed dlackbsely fa

perfeet obsofber and emiller with emissivity equal to |,
» Planck assamed Ghat the radidisn it caviy wed ernitied and abserbes by atomic ospts

n B ivalls of tha carly wWithtwo unae chamctel7s1cs
1. e oscillators condd anly pave energuao gven by £=nhE (184,23 €~
_ YA osCilladors coudd emih erery ondy n quantzed anent € € e fnifs AL
ti |

24 Draw a table to classify and qualitatively compare copper, silicon and glass in
terms of the relative number of free electrons that can drift between atoms.

Number of free atpmo Compar3ore .

Ny ol S wall amrunt of rsrzy wi'll 4=

ablito moVe largt am runk of Lhicknd do

e eenduchon Bard and betwesn aforio.

A bbnre ey than B afsv e (Co) will

Seably to Move. e v Bu cindudinn

4 Band and Getwresn. NG

Clan h sudadsr hore Veng targe amount of diroy O Moy
eboctrna befwrean atoms | In an Nsedatn

-t _electrns arefaldl trphrdts G atnng

Materinl TWu
Coppar eon duectsr lots

Silicon Semicnductor|  few

25 An example of a solar cell is shown below. 6
Direction of light
Thin, transparent
p-type layer <, ] !
4 ).
- | ~
n-type layer e *
J
The solar cell is able to produce a current due to the photoelectric effect and the
electrical properties of the n-type and p-type layers.
Use this information to outline the process by which light shining on the solar cell
produces an electric current that can light up a light globe.
HSC Pre-Trial Physics-Solution July 2007 Page 14 of 20
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Liwi podiing on the Sotar cold prodiices a Cunmnt s N1 T7ated Sy o phaty electrrc effect

Wihen 2 photen yga/ﬁ‘u‘énf enbfany 15 adsorbed o an elicron » G SONCconduuctdy laegerS

b Clreates afree ety and o Rete
AP Gu jupction between thu lagers of pend D_type , an elricfidd s ben cotublishad

by he tutr dhaciins b P budlica ntype drfding acriss G bundary o £l geteo

P P-ﬁf/w Laftice
Theo electric f1ll buadd T tha photv electrins prodtuced crdbng towarts b n-tapc
WALl e Aatoo Arift in e cpRed) G olibectaye.
Thw o0 vadtishes a 710%?4\7”7%14&‘(@.@4 Aehuum/o 4/19{/7‘% 2O
Sueh Gar connactm b B exteornd corcuwdd wil] adlon « eudrent $&#lon

26 A non-magnetic metal disk is balanced on a support as shown in the diagram 5
below. The disk is initially stationary. A magnet is moved in a circular path just
above the surface of the disk, without touching it. The disk-begins to spin.

(a) Explain how this demonstration works, and predict which direction the disk 3
will spin

Thdisk Segpn 4o o fale o the same direction

ad the magred A Auyn ondtiakteg tha pr"/h‘um

to e crumbn of the M du o) Motor,
Ay hdutctitn moter @ an A machine n Which
forque 5 prodiiced by the interacriv of e rotatng

mageti'c fdd produced by We stater and currenty l [
i diiced o the rtor.

(b) The principle involved in the demonstration above has been incorporated 2
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into the workings of domestic electrical appliances such as hair-dryers and

power-tools. Describe one energy transfer and one energy transformation
that occurs when a domestic hair-dryer is operating.

o Entigy Brandters Aoppan whon ensrapg Moves fromn one Aacy s ansthir
o ENtropy TRNSTErmadion's Ghou eCewur whan an it eppli2ncsr’ 1S cAvmFNS
=lejgpl oy WhRal thi Machme Lo rlD'l\)"r‘;j ,
Cméclor e cporatimn of & oy dryer
o The bt motor transtorma ebtiical entzy nte Mechan) cal nerzy
(e oter spnd |
— Some elctrical eneryg < loo drnd fermied 1D ntermal energry . b Bldy <o,
o TAe mechanical ¢rerayy of W W L9 Dapstsymend mts Sand and iNEimnad
€Nlrany Wity th mu%r/ and /i Yu Kingse erorzpy of @iy perls cles L(?
o fan Gur i alfacked te the SPodt of b roter.
o By @ tantfered i Hamndter to e ajf Eybe rolar Shaft apd b fan.
TR ctiy pasies Hrvvgd, o Aeacting elenent where shactneal Nz, & T7ansfermey
Mo (Nernal enerzpy and Light €remy. .
Internai energpy b Han transterred curofthe Arger by Lireetenductrrn
to B an partithes oA €3) cmvedim ao e anr perfale (rry tha

Ny Sroms tha cryer.
27 7
(a) Describe the radiation produced when the walls of a black body cavity are 2
heated.

ek body absots allizebictigy that foll s on ot That erorepy 8 Spread thrrugs sut tas ofecf
Tha C‘QV/.@. walls %!'W/‘) v the €SS ol iNore hiepse Shorter wayelerqhs sy Fodw
From e canhyoccurs | Thaspepe of Y ledintion Vs ihnTendlzy carves on ww grapho

1Ratthaey o rodect. o pivtlim that tie Nlepbitey and Wasdenath verisd Svs thaf Sccurs

3 / classical thasry
:ﬁ /(mi ‘§ /\’y Planck s theory
3 S 3 , -
' L Resek - /\(I\UV\)
65 1.3—2/\“4"1) ! PR ST

(b) Identify Planck’s hypothesis which was used to explain black body
radiation.
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Planck’s  explanadon lo Gar the exchanged tatrpy Lo M mudiplas of g small IZamp’
Eeh Lump @ Wmcz‘tr/}g?c o{ each Frequncy op rzoliattan emiltd |
T sl auermae pacKu- 20 a 4wm/wnr{ ernpy | thar coudd e odeocTbed
Ay ht £ = &f whire E lenumgy (7
1 Poats’s comtant = 6.€3 (o J_g
£ frequoncy (Hz)

(¢) Describe how Einstein used Planck’s hypothesis to develop a new model of 1

light.

Ensteim epplanied the phetoebechic ~Hect su cauz;/:uﬂq .
be wsed Planck’s thuory M Which thu partichs of Light (Photond), carried enorgy
thar codd be troinsferres 4o maller ane( pregosed s fotlowing assuwpting.
I Light exi5ts as pheTons withenurgy £ = hE
2 Lokt intensily deperds onthe numder o photona
3 Phors moth th Amhest enry corruopard s Ughtoptha hiyhu frequuncy
Y To produce the phetpelecic effct | the eremy required +o reloase the
_elictrary from Hha Swace i calld the work functima
L the enetmy of the photon to qrealis than Hu weork functivn | Hu ad dihva
ety =4 Ya photore will prurele Ehe Kbt €ruizy of tha photselictrng
E-hf =we &

(d) Einstein used this new model to explain the way photoelectrons are
produced from a metal surface by incident light. Explain how he used this
model to account for the effect of light frequency and light intensity on the

photoelectrons.

Vilfereat utnls. botd elocims with different forces.
1o proindde the photones of Lightt ot reasorabte frequency wnll fave sulfrcreat enorgy
o Surredms thu ENAN G enerzpy WAy thu eleckrins iy the Surface
TR graph Shows thi €M7y WA tA WhTh thi photoelechrins are emilted andd
the threshotd Frequuncy for di(fereat metlds vas hiicated |

i
*57(‘ ( xlb?'HZ )

Eimsten s Wfo@&d‘ﬁcqawﬁ‘m :
E :.W-(—E( whaere W1W67’K-,Qj/\d7m
f;.‘ Kipetc energy
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FORMULAE SHEET

v=fA E _Gm]mz
P r
Fcn::i
d? F=mg
" sin i 2 _ 2
v,  sinr Voo T
v =lu+at
P a
q vy —u‘ +2ay.f1\g,-.F
V
RZT A fo
P=VI - Lar?
ﬁy—uyr+2ayr
Energy = VIt
ro_GM
T*  4xt
N _Ar
l\’_E G
r- m m,
dz
Av vV—u
Ay = — Eﬂw:T
E = mc*
= ma
| 1—'2
=1 1=
Iy oy =7
I
f = 0
W | vz
) [—
Vo2
= Fs
My = 3
p=mv I1 v
[ [—
Vo2
Impulse = Fi

Petrus Ky College HSC Pre-Trial Physics-Solution July 2007 Page 18 of 20



FORMULALE SHEET
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