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Bullet and Cannon (5 points)

Please read the general instructions in the separate envelope before you start this problem.

Part A. The Modern day bullet (2.5 points)

Nitroglycerin is one of the important ingredients in modern day bullets. The self-combustion of this
material is written as

2C3H;N30y — 6 COy +3 Ny +5H,0 + 3 O, + Heat
The amount of heat released is 666 k] for 2 mole of nitroglycerine

11.35 g of this material is used in a cartridge of single bullet. The mass of the actual bullet is 100.0 g

A.1 Find the molar mass of nitroglycerine. (0.5pt)

A.2 Find the number of moles of nitro-glycerine in one bullet cartridge. (0.5pt)

A3 Find the amount of energy released (numerical value in SI unit) during combus-  (0.5pt)
tion of one bullet.

A4 Assuming that the entire energy evolved during combustion is used to give ki-  (1.0pt)
netic energy to the bullet.
Calculate the maximum possible muzzle speed (numerical value in SI unit) of
this bullet.




Theory

IJSQ -

*““‘"““'““““”“”’“"“‘“ SRB-S-01 T-1 Q-2
English (Official)

Part B. Traditional Cannon (2.5 points)

A traditional Cannon barrel of inner diameter 15.0 cm and length 5.0 m was filled with gunpowder (ni-
trocellulose) to 20% of its length and topped with a cannon ball of same diameter as the barrel.

(Inner walls of the canon barrel are frictionless )

When it is fired, all of the nitrocellulose burns instantly and produces gas with pressure of 1000 standard
atmosphere. When the ball exits the barrel the gas temperature drops to one third of the temperature (
in K) at the time of ignition.( Assume ideal gas situation)

( Neglect opposing atmospheric pressure)

B.1 Write the formula to find the pressure ( final pressure P, in terms of initial pres-  (0.5pt)
sure P, , initial volume V, , initial temperature T, , final volume V, and final
temperature T,) when the cannon ball exits the barrel.

B.2 Calculate the pressure (numerical value in SI unit) on the ball when it exits the  (1.5pt)
barrel.
(Express your answers in three significant figures i.e. two digits after decimal)

B.3 Calculate the force (numerical value in SI unit) on the ball when it exits the bar-  (0.5pt)
rel.
(Express your answers in three significant figures i.e. two digits after decimal)
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MeTtak n Ton (5 noeHa)

MpouunTajTe onLwTa ynyTCTBa HAa NOCE6HOM NINCTY Npe peLlaBarba Npobiema.

Aeo A. CaBpeMeHUM MeTaK (2.5 noeHa)

HUTpOrnvLepuH je BaxaH cacTojak caBpemMeHUX MeTaka. CamocaropeBarbe OBOr MaTepujana ce Moxe
HanmcaTtu Kao

2C3H;N30y — 6 COy +3 Ny +5H,0 + 3 O, + Heat
2 Mofa HUTpOranuepuriHa ocnobahajy KonuvmHy TonaoTe oz 666 KJ.

11.35 g HUTpOrAuLUepmnHa ce KOPUCTU 3a NojeAnHAYHO MyHwere yaype MeTKa. YKyrnHa Maca MeTka je
100.0g

A1 OgpeanTte MoIapHY Macy HUTPOrNLEPUHa (0.5pt)

A2 OapeaunTe 6poj MONOBA HATPOFNLEPVIHA Y jeAHOj Yaypu MeTKa. (0.5pt)

A3 OapeaunTe KONMNUYMHY eHepruje Koja ce ocnoboamn y Toky caropeBatsa y jeaHom  (0.5pt)
MeTKy. (bpojHa BpeAHOCT Yy jeanHuama SI)

A4 MNpeTnocTaBnTe Aa CBa eHeprunja ocsioboheHa caropeBaremM npenasu y kmHe-  (1.0pt)
TUYKY eHeprunjy oBor meTka.
Ogpeante MakcumasnHy moryhy 6p3nHy Bpxa meTka (bpojHa BpeHOCT Y jeu-
Huuama SI')
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Oeo B. TpaguuymoHanHu Ton (2.5 points)

LieB TpaagnuMOHanHOr ToMa, yHyTpallker npeyHmnka 15.0 cm v gyxxknHe 5.0 m HanyweHa je 6apyTom
(HnTpouenynosa) Ao 20 % HeHe fyXVHe 1 3aTBOPeHa TONOBCKOM KYr/10M UCTOr NMPeYHMKa Kao LeB.

(3aHemapuTu Tpemne ca ueswu)

MpUAMKoM mncnasblBama, CBa HUTPOLLENYN03a caropeBa TPEHYTHO U MPOM3BOAM rac uuvju je npwu-
Tncak 1000 ctaHgapaHux atmocdepa. Kaga kyrna HanywTa uUeB TeMnepaTypa raca ce cMamwbW Ha
TpehnHy TemnepaType y TpeHyTKy caropeBawa (y KenBmHMMa) Kojy je vmana y TpeHyTKy mcnamu-
Bara.(MpeTrnocTaBuTe Aa je rac ngeanaH)

(3aHemapuTe cynpoTcTaB/bakbe aTMOCHEPCKOr MPUTUCKA KpeTakby).

B.1 Hannwwnte popmyny 3a ogpehuBarbe npuTMCcKa raca kaga Tonoscka kyrna Ha-  (0.5pt)
nywrTa ues. (Kpajiu nputrcak P, y GyHKLUNjU NOYETHOT NpUTUCKa P, , noYeTHe
3anpemuHe V, , noyeTHe TemnepaType T) , Kpajre 3anpemuviHe V, U KpajHie Tem-
neparype 75)

B.2 OapeaunTe NpUTUCaK Ha KYriy Kaj OHa 13nasn 13 ueBun. (bpojHa BpegHocT y je-  (1.5pt)
AvHnLama SI)
(Baww ogroBop HanuLLMTe ca TPUY 3Ha4vajHe undpe, 04HOCHO, Ca ABe AeLmMare)

B.3 WN3pauyHajTe cuny Koja genyje Ha Kyray kaga usnasm u3 uesu. (bpojHa speaHoct  (0.5pt)
y jeamHmnuama SI)
(Baw ogroBop HanuwwimMTe ca Tpu 3HayajHe undpe, O4HOCHO, Ca ABe AeuyrmMane)
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MeTtak n Ton (5 noeHa)

YNyTCcTBO - HEMOjTe NUCaTU Y fieCHY KOJIOHY

Aeo A. CaBpeMeHUM MeTaK (2,5 noeHa)

A.1 (0.5 pt)
MonapHa Maca HUTPOrnLepuHa:

Ogrosop:

A.2 (0.5 pt)
Bpoj MosioBa HUTPOrAVLIEPUHA Y YaypW jeAHOr MeTKa:

Ogrosop :
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A.3 (0.5 pt)
KonnumHa ocnoboheHe eHepruje npu caropeBamwy y jejHOM MeTky (bpojHa
BpeAHOCT Y jeanHmnuama SI):

Ogrosop:

A.4 (1.0 pt)
MakcmmanHa moryha 6p3unHa Bpxa MeTKa (bpojHa BpeaHOCT Yy jegmHuLama S):

Ogrosop :
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Aeo b. TpaguumoHanHwu Ton (2,5 NnoeHa)

B.1 (0.5 pt)
®dopMyna 3a oapefriBare NpUTUCKa Kaja TOMOBCKA Kyria HamyLuTa LieB:

B.2 (1.5 pt)
MpuTrcak Ha Kyrny Kaj oHa nsnasu u3 uesu. (bpojHa BpeAHOCT Y jegMHMLAMA
SI):

Ogrosop:
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B.3 (0.5 pt)
Cwvna Koja genyje Ha Kyrny kaga 13nasu 13 uesu. (bpojHa BpegHOCT Y jeanHMLaMa
SI)

Ogrosop :
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English (Official)

The Sand buggy and Abra (5 points)

Please read the general instructions in the separate envelope before you start this problem.

Part A. The sand buggy (3.0 points)

A sand buggy (shown in Figure 1) is a vehicle that is used for transportation in deserts. Consider a sand
buggy travelling with a constant speed of 72.0 km/h climbing a sand dune which is shown as an inclined
plane with an angle of inclination of 30°. The sand buggy is dragging a box of mass 200 kg upwards.
The opposition to motion of the box offered by the sand is 0.15 of the normal force exerted on the box
by the sand.

Figure 1 : Representative figure for sand buggy on a slope.
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A1 Draw a VECTOR diagram showing all forces acting on the box in the figure (1.0pt)
below.

30 Degree

A.2 Calculate the total force (numerical value with proper unit) that opposes the  (0.5pt)
motion of the box up the incline.

A3 Calculate the minimum power (numerical value in SI unit) exerted by the sand  (0.5pt)
buggy on the box to sustain the upward motion.

A4 If the box is suddenly detached in the course of upward motion, calculate the  (0.5pt)
retardation acting on the box.( Numerical value in SI unit)

A.5 How far will will the box travel (numerical value in SI unit) before comingtorest (0.5pt)
after it detached from the sand buggy?
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Part B. Abra boat ride (2.0 points)

Dubai city’'s traditional mode of transport to cross the creek is Abra boat ride (see Figure 2). Abra ride is
one of the most economical modes of transport which connects the Old Dubai to New Dubai.

Figure 2 : Representative figure for Abra boat floating in water.

The boats are about 6 m in length and seating arrangement is made of two parallel lines of benches on
either side of the vertical plane dividing the boat lengthwise. The center of mass of the boat lies on the
vertical line passing exactly through the center of the benches. Passengers can seat on either side on
the benches facing the creek.

When the passengers are seated, their centers of mass as a group can be considered to be at a height
of 0.4 m above the deck. In case of a maximum payload the water level is 0.5 m below the deck, the
buoyant force acts at a point 0.1 m below the water level and the center of mass of the boat lies 1.4 m
below the deck. The mass of the unloaded boat is 1000 kg while the average mass of each passenger is
65 kg.

Assume that the point of action buoyant force does not change considerably.
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B.1 Draw a schematic sketch along the line XY, of the positions of center of mass of  (0.5pt)
the boat, center of buoyancy of the boat, center of mass of the passengers, and
the deck level with respect to the water line and label the distances (need not
be on scale). CS - Represents the vertical cross section of the boat in the figure

given below.

B.2 Calculate the maximum number of passengers can be seated such thatthe boat  (1.5pt)
is prevented from capsizing.
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barn Bo3mnno n yamay, A6pa (5 noeHa)

MpounTajTe onwTe ynNyTCTBO Ha NOCE6GHOM NNCTY Npe peLuaBaka 0BOr Npobnema.

[eo A. Baru Bo3uno (3.0 noeHa)

Baruv (MpukasaH Ha cnamum 1) je BO3MIO Koje ce KOPUCTY 3a NpeBo3 y NycTukKn. MocmaTtpajte 6arn Koju
ce kpehe KOHCTaHTHOM 6p3MHOM 04 72.0 km/h 1 Koju ce Netbe y3 neluyaHy AvHY HarubHor yrna og 30°.
Barun Bo3uno By4e kyTnjy mace 200.0 kg HaBuLUe. MNecak ce CynpoTCTaB/ba KpeTaky KyTuje CUAoM, Koja
je nsHocm 0,15 HopManHe cuse peakumje KOjoM rnecak Aesnyje Ha KyTujy.

Cnuka 1: Cnmka 6arv Bo3wa Ha NagnHu.
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A1 Ha cnnum ncnog HaupTtajte BEKTOPCKU gujarpam koju npukasyje cee cune koje  (1.0pt)
Aenyjy Ha KyTujy.

30 Degree

A.2 N3pauyHajTe ykynHy cuny Koja ce CynpoTCTaB/ba kpeTaky KyTuje y3 Harmb (Ha-  (0.5pt)
nULINTE HYMEPUUKY BpeaHOCT ca ogrosapajyhom SI jeguHnuom).

A3 WN3pauyHajTe MrUHMMaNHy cHary Kojy Tpeba Aa BpLUM BO3UMO Ha KyTujy sa 6u  (0.5pt)
ofp>kana HeHo KpeTare Harope. (HanuwmTe Hymepuyky spegHocT u SI jean-

HULLY)

A4 AKO ce KyTuja n3HeHaZa O/BOjM OJ BO3W/a Npu Kpetawy Hasuwe, ogpeante  (0.5pt)
HEeHO ycropemne. (HyMepunyka BpeAHOCT 1 jegnHu1La SI)

A5 Konnku he nyT kyTnja npehu 4o 3aycTaB/bakba HaKOH OfBajara 0 Bo3una? (Hy-  (0.5pt)
Mepuuka BpeaHocT v Sl jeanHMLA)
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Oeo B. Bo)xtba A6pa yamuem (2.0 noeHa)

TpagnumMoHanHu HaunH NpesBo3a y Jlybanjy 3a npenasak KaHana je nomohy yamua Abpa (BUAK CNnky 2).
To je jeaaH oA HajeKOHOMUYHMjUX NpeBo3a Koju nosesyje Ctapu Ayb6aju ca Hosum Jybanjem.

Yamum cy ayXnHe oKo 6 m, 1 UMajy pacnopej cefiera y ABa napasnefiHa H13a kiyna cMeluTeHa ca obe
CTpaHe BepTUKa/IHE PaBHU Koja Aenn Yamal, y3ayX. LieHTap Mace Yamua nexu Ha BEPTUKAIHO] IMHW|A
KOja Mponasn TayHo Kpo3 LeHTap m3mehy kayna. MyTHULUM Mory Aa cefe ca obe cTpaHe Ha knynama
OKPEeHyTU MpemMa KaHany.

Kaga nyTH1UM cefe, MOXe ce cMaTpaTu Aa Cy HUXOBUM LIeHTPpU Mace, Kao rpyne, Ha BucuHm og 0,4 m
N3Hag nany6e. Y cnyyajy makcmmanHor ontepehera, HMBO Boge je 0,5 m ncnog nanybe, cnmna noTmcka
Aenyje y Taukm koja je 0,1 m ncnog HMBOa Boje, a LeHTap Mace Yamua nexu 1,4 m ncnog nanybe. Maca
npasHor (nckpuaHor) Yamua je 1000 kg, Aok je NpoceyHa Maca cBakor nyTHMKa 65 kg.

HPETI'IOCTaBI/ITe Aa ce HanajHa Ta4yka cnnie NoTUCKa He MeHa 3Hal-lajHO.
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B.1 O3HauunTe WemaTcku fyX MvHuvje XY Ha LpTexy nonoxaje: ueHTpa mace yamua,  (0.5pt)
HanajHe Tauke cuie NOTUCKA, LIeHTPa Mace NyTHMKa 1 H1MBOa nanybe y ofHoCY
Ha MOBPLUMHY BOAE W O3HauuUTe ygabeHoCcTu nsmehy winx (He mopajy 61t y
cpa3mepu). CS - Ha JOH0j CIMLK NPeACcTaB/ba BEPTUKANIHW MOMPeYHn npecek
Yamua .

B.2 Oapeaunte MakcMmanaH 6poj NyTHWKA Koju MOry Aa cefie y Yamuy a Aa He gohe  (1.5pt)
A0 HeroBor npespTamsa.
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Barun Bo3uio n A6pa yamay, (5 noeHa)

YnyTCTBO - HEMOjTe NUCATU Y KOJIOHY C iIeCHE CTpaHe

Aeo A. barn Bo3uno (3,0 noeHa)

A.1 (1.0 pt)
Ha canum ncnog HaupTtajte BEKTOPCKW amnjarpam koju npukasyje cse cue Koje

Aenyjy Ha KyTujy.

30 Degree

A.2 (0.5 pt)
YKkynHa cuna (Hymepuuka BpeAHOCT ca oaroBapajyhom SI jeanHmnuom) Koja ce

CynpoTCcTaB/ba KpeTaky KyTuje y3 Harmb.

Oarosop:
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A.3 (0.5 pt)
MWHMMaNHa cHara Kojy BpLUY BO3MA0 Ha KyTUjy Aa b1 oAp>Kana heHOo KpeTare
Harope. (Hymepuuka BpegHocT 1 SI jeanHnua )

Ogrosop:

A.4 (0.5 pt)
TokOM KpeTaha HaBuLLe, ycrnopene U3HOCK (HyMepuyka BpegHocT n CA jean-
HULUA).

Ogarosop:
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A.5 (0.5 pt)
MyT Kojn KyTMja nNpenasun Ao 3aycTaB/bakba HAaKOH OJBajaka 0f BO3uAna. (Hyme-
puyka BpegHocT 1 SI jeanHmnLUa)

Ogrosop:
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[eo b. Boxxtba yamuem A6pa (2,0 noeHa)

B.1 (0.5 pt)

LLlemaTcka ckuua ayx nnHnje XY, nonoxaja

(a) LeHTpa Mace Yyamua,

(b) HanagHe Tauke cuie NOTUCKA,

(C) ueHTpa Mace nNyTHUKA, U

(d) HMBOa nany6e

Yy OJHOCY Ha HMBO BOJe (03Hauu HNBO BOAE) M O3HAUUTU PacTojara.

CS - MNpeacTaB/ba BEPTUKANHW NOMPEYHN Npecek Yamua Ha CIMLM NCNOA,
HanomeHa: O6aBe3HO ncnpea Ha3MBa HanuLmMTe CI0BHY 03Haky (a, b, ¢, d).

X

Ccs

B.2 (1.5 pt)
M3padyHajTe MakcmmManaH 6poj NyTHYKa KOju MOTy Aa ceje y Yamuy, a Aa He gohe
[0 HeroBor npespTaksa.

Ogrosop:
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Please read the general instructions before you start this problem and also write the correct units
for all the quantities wherever necessary.

Dates are tropical fruits that grow on date palms. The origin of dates goes back to 5320 BC. Dates are
a source of rich nutrients like carbohydrates, proteins, fibre, minerals, enzymes, and vitamins and thus
form an essential staple food item for the people of UAE and other Middle East and North African coun-
tries. Dates are widely used in Emirati dishes. Dates have a high natural sugar content.

Sucrose (Molecular formula C,,H,,04; ),a disaccharide undergoes hydrolysis in excess of water by first
order kinetics in the presence of an acid catalyst and obeys the rate law to give a mixture of two isomeric
monosaccharides, Glucose (CzH,,0;) and Fructose (Cy H,,0;). Solutions of these optically active carbo-
hydrates can rotate the plane of plane polarized light. Sucrose is dextrorotatory (clock wise rotation, +)

whereas the mixture of Glucose and Fructose is laevorotatory (anticlockwise rotation, -). in [[g]ﬁ =kt

where, C,, = initial concentration C, is concentration at time ¢ and & is rate constant

The rate of hydrolysis of Sucrose is determined by measuring the angle of rotation of the plane of plane
polarized light at regular time intervals during the course of the reaction. The angles of rotation are
determined using a polarimeter.

A certain minimum amount of energy is required for the reaction in order to convert the reactants into
products. This threshold energy for the reaction is called the Energy of Activation. It is determined by
measuring the rate of a reaction at different t temperatures.

Use Arrhenius equation: in(k) = iInA — E/RT
Where,

k = rate constant A= constant (independent of temperature) E= Activation energy R= Gas constant T=
Absolute temperature

Note that !,z = (2.303 log )

A student added 20 cm? of 1 M HCI to 20cm? of 20 % Sucrose solution and transferred the mixture to a
polarimeter tube of length 20 cm. He then recorded the angles of rotation at 303K and 311K as follows:

Temperature (K) | Time (s) | Angle of rotation (°)
303 0 +12.5

303 600 -3.0

311 0 +12.5

311 600 -8.0

Use the rotation angle as a measure of concentration and consider that the relationship between the
rotation angle and the concentration is linear

At the end of the hydrolysis, the angle of rotation was found to be -15.5".
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3.1 Use the above information to : (2.0pt)
1. Calculate the rate constants, k
2. Determine the energy of activation of the hydrolysis in kjJ/mol

UAE has huge reserves of oil and natural gas with most of the oil reserves located in Abu Dhabi. The
Zakum oil field is the third largest oil field in the Middle East. UAE has one of the largest petroleum re-
fining industries in the world. Naturally occurring petroleum is a complex mixture of hydrocarbons with
different molecular weights. In the petroleum industry complex organic molecules of high molecular
weight are broken down into lower molecular weight compounds which are in greater demand. A cata-
lyst is used for this process which is called Catalytic Cracking. The rate of cracking of petroleum depends
largely on the temperature of the catalyst used. Micro porous aluminosilicate minerals called Zeolites
are commonly used to catalyse the cracking of petroleum, which occurs in the tiny pores of the mineral.

A catalyst increases the rate of a reaction by lowering its energy of activation. A zeolite catalyst lowered
the energy of activation of the cracking of petroleum from 66 k] /mol to 60 kJ /mol at 27°C.

3.2 By what factor did the catalyst increase the reaction rate at 27°C? (1.0pt)

A green mineral A is analysed and found to be composed of 9.72 % by mass of carbon, 38.85% by mass
of oxygen, and the remainder a transition metal that forms 2% ions. (A) is insoluble in water but dissolves
with effervescence in dil HCI giving a bluish green solution.When H,S gas is passed through this solu-
tion, a black precipitate (B) is obtained. (B) dissolves in dil HNO; giving a blue solution of C, yellow solid
and a colourless gas. When aqueous NaOH is added to this solution (C) a blue precipitate (D) is obtained
that dissolves in ammonia solution to give a dark blue coloured solution.

3.3 Identify (A), (B), (C) and (D). Write correctly balanced chemical equations that  (2.0pt)
(A), (B), (C) and (D) involved in. (You do not have to write the equation of D with
ammonia)
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HanomeHa: NMpounTajTe onwiTa ynyTcTBa Koja ce Hanase y 04BOjeHOj KOBEPTU Npe Hero LTo nouy-
HeTe Aa pewlaBaTe oBaj 3agaTak. Takofje, HaNMLWIUTe TayHe jeaMHULE 3a CBe BeJINUUHe Koje ce
opapehyjy, Ha cBUM MecTUMa rae je To noTpe6Ho.

Ypme cy Tporncko Bohe Koje pacte Ha ypMUHUM nNasMama. brxoso nopekno gatmpa og 5320. roguHe rnpe
XpucTa. atyne npeactas/bajy BeoMa 60rat M3BOp pPasinunTUX XpaH/bUBUX MaTepuja Kao LUTO Cy yribe-
HOXUAPATWY, NPOTENHW, BNaKHa, MUHEpPasnun, eH3MU 1 BUTaMUHU 1 Tako NpejcTaB/bajy OCHOBHY XpaHy
3a cTaHoBHuKe YAE, baunckor ncroka n cesepHoadpumukmx 3emasma. LLinpoko nx kopucte y EMmpatmima y
npunpemMu pasnnunTnx jena. Ypme 1majy npupoaHoO BUCOK caapxaj wehepa.

Caxaposa (monekyncka dopmyna C,, H,,0,,), KOja je Ancaxapug, y npoLecy xmaponamse pearyje ca BO40OM
Y BULLKY Y MPUCYCTBY KNCENOr KaTaamsatopa v NpMUToM HacTaje cMeLla AiBa U3oMepHa MoHocaxapusa,
rnyko3a (CyH,15,04) U dpykTO3a (CeH,504). PacTBOPU 0BUX ONTUUKO-aKTUBHUX YI/bEHOXMAPATa MOry Aa
06phy paBaH nonapmsosaHe ceeTnocT. Caxapo3sa je gecHopoTaTopHW Wwehep (06phe pasaH nonapu-
30BaHe CBET/IOCTM Y CMepy CKasasbke Ha YaCoBHUKY, Tj. Y + CMepy), AOK je cMeca rnykose n ¢ppykTose
nesopoTaTopHa (obphe paBaH Nosapn3oBaHe CBETNOCTOCTY CYyNPOTHO Of CMepa CKa3asbke YacoBHUKA,
Tj. y - cMepy). Peakumja xnaponuse ce noBUHYje KUHEeTUYKO] jeJHaUuMHW NPBOT peja.

C
L, M =kt
rae cy:
C,, - MoYeTHa KoHueHTpaumnja, C, KOHLeHTpaumja cyncraHue y TPeHyTKY ¢t U k KOHCTaHTa 6p3nHe peak-
umje.

Bp3vHa npoueca xuaponmse caxapose je ogpefeHa MepereM yrna poTtauuvje paBHWU Nonapr3oBaHe
CBETNOCTN y ogpefjeHNM BpeMeHCKUM MHTepBanMa TOKOM peakuuje. Yrnosu poTauuje ce ogpehyjy
nomohy nonapumetpa.

MNoTpebaH je oapeheHN MUHMMYM eHepruje Kako 6u AOLIN0 A0 Npefiacka peakTaHaTa y NpoaykTe pe-
akuuje. OBaj eHepreTcku Npar 3a peakuuvjy ce HasvBa eHepruja aktmeBauuje n ogpehyje ce meperem
6p3viHe peakuuje Ha pasnnunTUM Temnepatypama T.

Kopucrehu ApeHujycoBy jeaHaunny: I,k =1, A— E/RT
rae cy:

k = KOHCTaHTa 6p3unHe peakuuje

A= KOHCTaHTa (He3aBWCHa o/ TeMnepaType)

E= eHeprunja akTnBaumje

R=racHa KoHCTaHTa

T= anconyTtHa Temnepartypa

ObpatuTte Naxwy Aa je l,x = (2.303 log z).

YueHuk je 4oaao 20 cm3 pactBopa HCI KoHueHTpaumje 1 My 20cm? 20 % pacTBopa caxapose 1 npebaumno
cMeLly y KMBETY noJlapuMeTpa AyXunHe ontuukor rnyta 20 cm. [oToMm je 3abenexuno yrnose portaumje Ha
Temnepatypama 303K 1 311K Ha cnegehun HaunH:
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TemnepaTtypa (K) | Bpeme (s) | Yrao potaumje (°)
303 0 +12.5

303 600 -3.0

311 0 +12.5

311 600 -8.0

KopucTtuTe yrao potaumje Kao mepy ogpehrBara KOHUEHTpaunje 1 cMaTpajTe Aa je Be3a nsmehy yrna
poTauuje n KOHLUeHTpauvje nMHeapHa.

Ha kpajy xuaponuse yTepheHo je aa je yrao potauuje -15.5".

3.1 Ha ocHOBY rope HaBefeHUX NojaTtaka, ogpeaunTe: (2.0pt)
1. KoHcTaHTy 6p3nHe peakumnje k
2. EHeprujy akTuBaumje npoueca xmaponamse y MepHoj jeanHuum kj /mol.

YAE nmajy Bennke pesepse HadTe M NpUpogHOr raca, a BehvHa pesepBu HadpTe ce Hanasm y Aby
Jabujy. HapTHO nosbe 3akym je Tpehe Hajsehe HadpTHO Nosbe Ha banckom nctoky. YAE nocegyjy jeaHy oA
HajBehunx nHAycTpuja npepaje HadTe Ha cBeTy. MNpupogHa HadTa je c1oXKeHa MelLaBMHa Yr/bOBOAOHMKA
pasnnuunTe Mosiekyacke Mace. Y HapTHOj MHAYCTPUjU CI0XKEHW OPTraHCKX MOJIEKYIN Be/IKe MOIeKyacKe
Mace ce pasnaxy Ha jeAnbera Mare MOeKy/Icke Mace Koja cy TpaXkeHuja. 3a oBaj npoLiec ce KOpucTu
KaTanmsaTop, a caM NpoLiec ce Ha3vBa KaTaIUTUUKO KpekoBake. bp3nHa KpekoBara HadTe y BENVKO]
Mepwn 3aBUCK Of TeMnepatype kopuwheHor kaTanansatopa. MMKPONOPO3HU aNyMUHOCUANKATHU MU-
Hepanu, Koju ce Ha3nBajy 3e01TK, ce Hajuelhe KOPMCTe Kao KaTanmsaTopu y npouecrma KpekoBaha
HadTe, Koju ce oaBuja y cMhyLIHMM NopamMa MUHepana.

Katanunsatop noeehaBa 6p3vnHYy peakuuje Tako LUTO CMakyje eHeprujy aktuBaumje. Katannsartop 3eo-
NNTa je CMambNO eHeprujy akTrBaLumje KpekoBama HadTe og 66 kJj /mol go 60 k| /mol Ha TemnepaTtypu
27°C.

3.2 Konuko nyta katanmsatop noeehasa 6p3unHy peakumje Ha 27°C? (1.0pt)

AHann3om 3eneHor MrvHepana (A) yCTaHOB/LEHO je 1a MaceHW YAE0 YI/beHKa y HeroBoM cacTaBy N3HOCU
9.72 %, a 38.85% je MaceHU yAeo KMCeHWKa, AOK OCTaTak YMHM NpenasHu MeTan Koju popmumpa 2* joHe.
(A) je HepacTBOp/bEMBA Y BOAW, anwu ce y3 n3baumeare mexypuha (WyLiTare) pacTBapa y pa3bnaxeHom
pactBopy HCI! npu yemMy HacTaje 3eneHo-naaBkacTy pacteop. Kaga ce racoButn H,S nponyLita Kpos
0Baj pacTBOp HacTaje UpHW Tanor (B). (B) ce pactBapa y paspeheHom HNO5; 1 NPUTOM HacTajy niasu
pacteop (C), XKyTa uBpcTa cyrncTaHua 1 6e360jHu rac. Kaga ce y pacteop (C) goga BogeHun pactsop NaOH,
HacTaje nnasu Tanor (D) kojn ce pacTBapa y pacTBOpy aMOHWjaka 1 NPUTOM HacTaje pacTBOp TaMHO-
nnase 60je.
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33 OgpeauTte cynictaHue (A), (B), (C) n (D). HanuwwnTe jegHaumHe 3a noMmeHyTe npo-  (2.0pt)
uece y kojuma ydectsyjy (A), (B), (C) n (D) n nsjeaHaunTe xemMmjcke peakuuije
(Hnje noTpebHO Aa NuweTe peakumjy D ca amoHMjakom).
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Please read the general instructions before you start this problem and also write the correct units
for all the quantities wherever necessary. (In solving this question consider the molar volume of

a gas at STP is 22.4 L/mol). In all the following question, assume that STP conditions apply, unless
otherwise stated.)

The novel COVID-19 pandemic has brought unique challenges in various aspects of life. Coronaviruses
belong to the family of viruses that causes severe acute respiratory syndrome (SARS), Middle East respi-
ratory syndrome (MERS) and other related disorders.

Covid-19 is an airborne disease which transmits through by suspending infectious aerosols in air for
considerable time.

United Arab Emirates (UAE) has taken unparalleled precautionary measures including deep sanitisation,
mandatory vaccinations and other safety measure to curb it's spread..

Oxygen saturation in blood or SpO, is a measure of how much oxygen is carried by the blood as a percent-
age of its full capacity. Ideally oxygen level in the body should be 95 and above. However, in COVID-19, as
the disease sometimes causes lung fibrosis and breathing problem, the oxygen level decreases. In such
cases oxygen therapy is given. Oxygen concentrators are machines which are available with different
capacities of oxygen. The machine separates the nitrogen and the oxygen by adsorption on zeolites. It
takes oxygen from the atmosphere and supplies pure oxygen as its output.

b
‘::- = P,
R . T
ST N
‘t ‘“H
AE B
=
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P
- H—G
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-D

.
.
.
.

A: air inlet; B: motor and compressor; C: heat exchanger; D: surge tank; E: four way solenoid;

F: molecular sieve beds; G: product tank; H: pressure regulator; I; flow meter adjusting valve;
J: pure oxygen outlet.
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41 If air contains 21% of oxygen by volume, what volume air should the machine  (0.5pt)
suck per day in order to get an oxygen supply of 1L/min for 15 min each, 4 times
a day?

The other types of oxygen generators dissociate acidified water by use of electricity and give out oxygen.

4.2 To get 1L/min for 15 min 4 times a day, what volume of water (in mL) should be  (0.5pt)
poured into the machine per day? ( Assume complete electrolysis)

A patient living at the seashore, requires a constant supply of pure oxygen through a nasal canula at
the rate of 5 L/min. He has just got a new oxygen cylinder of capacity 340 L containing pure oxygen
at pressure of 13700 k Pa. Assume that the temperature remains constant throughout and neglect the
pressure of exhaled carbon dioxide.

4.3 After how many days will he need to replace his oxygen cylinder? (0.5pt)

The vaccine needs to be stored in dry ice. The dry ice, which is solid Carbon dioxide occupies 2840 L when
it completely sublimes at 30° Cand 1 atm.

4.4 If this dry ice is to be obtained from limestone having 80 % CaCO, content, (1.5pt)
what mass of limestone will be required? What is the total kinetic energy (in
k]) of these gaseous molecules? ( Ignore the contribution from the vibrational
and rotational energy of the molecule) Assume that the gas behaves ideally
(K.E. = 3nRT)

4.5 What volume of oxygen (in L at 30°C and 1 atm) would be needed for complete  (1.0pt)
combustion of 1 mole of glucose (CgH,,04)? What is the mass of oxygen re-
quired?

The time taken for a certain volume of oxygen to effuse through a small hole is 1 hour.



JSQ -

e SRB-S-01 T-4 Q-3

18th Intern
ou

English (Official)

4.6 Calculate the time taken, in seconds, by the same volume of carbon dioxideand  (1.0pt)
chlorine to effuse through the same hole separately in the absence of oxygen.

Mg __ Rateofeffusionof gas A
M, ~ Rateofeffusionof gas B
M is the molar mass of the gas
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HanomeHa: NMpounTajTe onwiTa ynyTcTBa Koja ce Hanase y 04BOjeHOj KOBEPTU Npe Hero LTo nouy-
HeTe Aa pewlaBaTe oBaj 3agaTak. Takofje, HaNMLWIUTe TayHe jeaMHULE 3a CBe BeJINUUHe Koje ce
opapehyjy, Ha cBUM MecTUMa rae je To noTpe6Ho.

(Mpnnukom pellaBaka OBOr 3afaTKa cMaTpajTe Aa je MoslapHa 3arnpeMuHa raca npym HopMaaHUM
ycnoBuma 22.4 L/mol). Koa cBux aenosa 3agaTka cMaTpajTe ia ce npuMekbyjy HOpMasnaHu ycioBu
(NMpnTUCKa N TeMnepaType), OCUM Yy Cy4ajy Aa je HeLITo APYro HarnalueHo.)

MNaHgemnja COVID-19 je foHeNna jeAVIHCTBEHE 13a30Be Y Pa3INUUTUM acrnekTuMa XmsoTta. KopoHa Bupy-

v npunagajy ammnnju Bupyca Koju Npoy3pokKyjy TeLlKe akyTHe AncajHe CMHAPOME Kao LWTo cy (SARS),
6/IMCKONCTOYHM pecnpaTopHu cuHagpoM (MERS) 1 gpyre nopemehaje.

Covid-19 je 6onecT Koja ce NpeHOCK Ba3AyLLHO-KaN/bUYHUM NyTeM.

YjeanrseHn Apanckun EmMupatn (YAE) cy npey3senu Heynopeguee Mepe NpefoCcTPOXHOCTY YKbyuyjyhu
Ae3nHoekunjy, obaBesHy BakuVHaLMjy 1 Apyre 6e36eHOCHe Mepe 3a cy3bujarbe Lrpera 3apase.

3acuheHocT (caTypauuja) KpBr KMCEOHUKOM Uan SpO,, NpeAcTaB/ba Mepy NpeHoca KNCEOHMKA Y KPBU, U
n3paxkaBa ce y MPoLEHTNMA Yy O4HOCY Ha HeH MyH KanawuuTeT NpeHoca. Y ujeanHoMm ciyyajy HUBO KNCeo-
HUKa y Teny Tpeba ga byae 95 n Buwe. MehyTtum, y cnyyajy COVID-19, nowTo 6onect nsasmsa ¢pmbposy
nayha v grucajHe npobnemMe, HUBO KUCEOHMKA oMnaja. Y TakBUM CnyyajeBrMa NoTpebHa je Tepanuja Ku-
CeoHMKOM. leHepaTopwn KMceoHMKa cy ypehaju Koju oaBajajy a3oT U KMCeOHUK MPUHLMNOM agcopnuuje
Ha 3eonnTnMa. Kopucre KMCeOHUK 13 aTmocdepe 1 Aajy YNCTU KMCEOHUK Ha 131a3y.

Cnuka
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O3Hake

A: npuk/byyak 3a Basgyx (ynas);, B: motop v komnpecop; C: nsmewunsay tonnote; D: pesep-
Boap; E: uetBopocMmepHU BeHTUA (coneHong); F: cnojeBu MonekynapHor cuTa; G: pesepBoap

3a npour3Boge; H: perynatop nputuncka; I, BEHTUA 3a NojellaBake Mepaya NpoToka; J: n3nas
YMCTOT KMCEOHUKA.
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4.1 YKONINKO Ba3sAyx Yy CBOjoj 3anpeMuHu cagpxu 21% KnceoHvka, Konuky 3anpe-  (0.5pt)

MWHY Ba3ayxa Tpeba AHeBHO Ja ycuca MallumHa ja 6u obesbegmna cHabaeBarbe
og 1L/min Tokom 15 min, 4 nyTa Ha faH?

OcCTanu TMMNOBY reHepaTopa KMCeOHMKa pa3ABajajy (A1cocyjy) 3akunce/beHy Boay KopuhereM enekTpu-
LUTeTa 1 Ha U3nasy Aajy KNCEOHWK.

4.2 Ja 6u gobunm 1L/min TokoM 15 min, 4 nyTa Ha AaH, koja 3anpeMmunHa Boge (y mL)  (0.5pt)
Tpeba fa ce cmna y MalinHy AHeBHO? (MpeTnocTaBuUTY Ja je Y NUTakby NOTMyHa
eneKTponnsa.)

MaumnjeHTy Koju XMBK Ha 06anmn Mopa, NOTPEBHO je KOHCTaHTHO CHabjeBaHe YNCTUM KUCEOHNKOM KPO3
HOCHY KaHWny (NnacTu4He ues4uLe) 6p3nHoM 5 L/min. MauyujeHT je o610 HOBY 60OLlYy KMCEOHKMKa Kana-
umteTa 340 L koja cagp>Xum YnCT KNCEOHUK Ha npuTucky o4 13700 kPa. MpetnocTtaBuTte ga Temnepatypa
OCTaje KOHCTaHTHa CBe BpeMe 1 3aHeMapuTe NpuUTncak n3gaxHyTor yr/ibeH-ANoKCnaa.

4.3 Mocne konnko AaHa he 6UTKM NOTPe6HO Aa My ce 3aMeHU 6oL a KNCeOHWNKA? (0.5pt)

BakumHe Tpeba cknagnwtnTiy cysom neay. Cysu nef NpescTaB/ba UBPCTU YIibeH-ANOKCUA KOjU 3ay3MMa
3anpemuHy og 2840 L kaga y noTnyHOCTM cybanmMmpa (AMPEKTHO Npenasm U3 UBPCTOT Y raCOBUTO CTak€)
Ha 30° Cun 1 atm.

44 YKONNKO Ce rope HaBefeHU cyBu nep foburja 13 Kpeuraka Koju cagpxu 80 %  (1.5pt)
CaCO4 , KOja Maca Kpe4draka he 3a To 6uTn noTpebHa? Konnko n3Hocum ykyrnHa
KMHeTu4Ka eHepruja (y kJ) oB1ux Monekyna raca? ( 3aHemapuTe 4ONPUHOC BMO-
pauvioHe 1 potauuioHe eHepruje mosekyna.) NpernocrasunTe 4a je rac naeanaH
Tj. KWHeTWuKa eHepruja je (K.E. = 3nRT)
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4.5 Koja 3anpemuHa kuceoHuKa (M3payyHata y L Ha 30°C u nputmncky oa 1 atm)  (1.0pt)

je noTpebHa 3a noTnyHo caropeBake 1 mola raykose (CyH,,04)? Koja je maca
KNCeOHMKa noTpebHa?

Bpeme noTtpebHo fa 6u1 ce ogpeheHa 3anpeMmnHa KNCeoHnKa N3nuna Kpo3 Many pyny je 1 car.

4.6 M3payyHajTe noTpebHO Bpeme, y CekyHAaMa, 3a U3nmBare ucte 3anpemmHe  (1.0pt)
yr/beH-AV0oKCUAA N X/10pa, OABOjEHO KPO3 UCTY pynuLy Y OA4CYCTBY KMCEOHUKA.

Mp _ _A
M, ~ B

M
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General Instructions :

1. Only the answers marked or written in the answer sheet will be evaluated.
2. Indicate your answer by marking the column with a cross (X) as follows

Please read the general instructions in the separate envelope before you start this problem.

Q.5. Date palm (6.75 points)

The date palm (Phoenix dactylifera L.) tree is a common sight in the Arabian Peninsula. Its fruits are eaten
all over the world and are called dates.

Figure 5.1 represents a longitudinal section of the date fruit. Table 5.1 lists a set of tissues found in fruits.

Figure 5.1. Longitudinal section of date fruit and seed.
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No. Tissue

Testa

Endocarp

Epicarp
Mesocarp

Embryo
Endosperm

AU W[IN|=—

Table 5.1

5.1. Match the tissues mentioned in Table 5.1 with the letters in Figure 5.1.

A.5.1 Mark a cross (X) in the appropriate column corresponding to each of the la-  (0.5pt)
bels (A to E). As an example, the correct answer for label F has already been
given in the table below.

Tissues
Label | 1 2 314 5 6

M MmO N o >
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5.2. From the tissues (1-6) mentioned in Table 5.1, which tissues are derived without the contribu-
tion of the male gamete?

A.5.2 Mark a cross (X) in the appropriate column (Yes/No) corresponding to each (0.25pt)
of the tissues.

Tissue | Yes | No
1
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5.3. During ripening, the date fruits show changes in the starch and sugar content as shown in the plot
below (Figure 5.2).

Figure 5.2
X Days of fruit ripening
Y % content
— Total sugars
— - Starch
e Sucrose
1,2,and 3 | Stages of fruit ripening

Sucrose is synthesized in the leaves and transported to the fruit. In the fruit, sucrose is broken down into
glucose and fructose by an enzyme A. Sugars are also formed by the breakdown of starch by enzyme B
in the developing fruit. Total sugars include both mono- and di-saccharides.

The following statements were made:
Statement 1: The activity of enzyme B contributes to an increase in total sugars at stage 2.
Statement 2: The activity of enzyme A is higher at stage 1 than at stage 2.

Statement 3: The activity of both enzyme A and B is higher in the period between stage 2 and 3 than at
stage 1.
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Based on the analysis of the plot (Figure 5.2), are the above statements ( 1 to 3) correct?

A.5.3 Mark a cross (X) in the appropriate column (Yes/No) corresponding to each  (1.0pt)
of the statements.

Statement | Yes | No
1

5.4. Invertase enzyme converts sucrose (disaccharide) to glucose and fructose (monosaccharides). One
of the methods of estimating invertase activity is by measuring the level of glucose formed, using the
glucose oxidase peroxidase method. In this method, the amount of glucose is estimated as the ab-
sorbance of the end product measured at 562 nm (As4,). A standard plot of A4, for different glucose
concentrations as measured by the glucose oxidase peroxidase method is presented in Figure 5.3.
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Figure 5.3. X-axis = Glucose concentration (mg/ml); Y-axis = A,

Invertase activity is denoted in terms of enzyme units (U). One U invertase is defined as the amount of
enzyme that will produce 1 pmol of glucose in 1 min at 30°C.

In an experiment, the following reaction was set up to measure invertase activity:
i. 0.6 ml of buffer

ii. 0.2 ml of 400 mM sucrose

iii. 0.2 ml of invertase enzyme stock

* The reaction mixture was incubated at 30°C for 30 min, after which the reaction was stopped, by
increasing the temperature.

* Glucose formed at the end of the reaction was estimated by glucose oxidase peroxidase method,
and A4, was recorded.

+ Ag4, Was observed to be 0.1.
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Based on the above information, answer the following questions:

Calculate the amount of sucrose in terms of pmoles that was present in the reaction mixture.

A.5.4.1 Amount of sucrose = (0.5pt)

Based on the observed absorbance, what was the concentration of glucose (mg/ml) formed at the
end of the reaction?

A5.4.2 (0.25pt)
Concentration (mg/ml) of Glucose =

Calculate the amount of glucose in pmoles that was formed at the end of the reaction (M.W. of
glucose = 180). Write your answer to 3 decimal points.

In case you are unable to answer 5.4.2, use 0.4 mg/ml as the concentration of glucose.

A.5.4.3 (0.75pt)
Amount of Glucose =

Calculate the invertase activity as U/ml of the invertase enzyme stock. Write your answer to 3
decimal points.

In case you are unable to answer 5.4.3, use 0.973 umole as the amount of glucose.

A.5.4.4 (1.5pt)
Invertase activity =

5.5. Aresearcher purified invertase from 1 kg of de-seeded date fruits. These fruits were homogenized
in a suitable buffer and filtered using 4 layers of muslin cloth to obtain a crude extract. The crude extract
was subsequently fractionated through a series of protein purification steps to enrich the invertase en-
zyme. Purification steps were designed to remove contaminating proteins with minimum loss of enzyme
activity.

These steps involved (i) protein precipitation with (N H,),S0, , (ii) affinity column chromatography and
(iii) anion exchange chromatography in a sequential manner. Invertase activity (U) and the protein con-
tent (mg) were measured at each step of purification. Also, (i) specific activity of enzyme and, (ii) %
recovery were calculated at each step to assess the purification efficiency.

A step which removes the maximum amount of contaminating proteins with minimum loss in enzyme
activity is considered as an efficient purification step.

+ Specific activity of invertase is calculated as the enzyme activity per mg protein (U/mg).

* The % recovery can be represented as the percent of invertase activity (U) recovered after each step
of purification in comparison to that of the crude extract.
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Table 5.2 records the invertase activity and total protein in crude extract (step 1) and that recovered after
different steps (2 to 4) of purification.

Calculate the specific activity of invertase at steps 1 to 4 and the % recovery for steps 2 to 4. Record
your answer (to 3 decimals) in Table 5.2:

A.5.5.1 (1.0pt)
Table 5.2
Step Purification Invertase Total Specific % recovery
Number step activity | protein | activity of of
(U) (mg) invertase invertase
Crude extract 13,773 13,746
2 Ammonium 12,469 8,234
sulphate
precipitation
3 Affinity 11,487 836
chromatography
4 Anion 11,156 567
exchange
chromatography

Based on the information given in Table 5.2, answer the following questions:

A.5.5.2 Identify the step number (2 to 4) that led to the most efficient purification of  (0.5pt)
invertase by marking a cross (X) in the appropriate box.

Steps |2 |3 | 4

It is observed that there is a loss of an enzyme activity during different steps of purification.

A.5.5.3 Identify the step where there is maximum loss in the enzyme activity, by mark-  (0.5pt)
ing a cross (X) in the appropriate box.

Steps |2 | 3 | 4
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onwTa ynyTcTBa:

1. Ouemyjy ce camo OAroBOPY 0O3HAYEHN UM YINCAHW Y INCTY 3@ OAroBOpe.
2. HaBeguTe cBOj oaroBop Tako wTo hete y kyhuuy ynucatn kpctuh (X) Ha cnegehun HaumH

MpouunTajTe onLwTa ynyTCTBa Ha NOCE6HOM NINCTY Npe peLlaBarba npobnema.

3apaTtak 5. YpmuHa nanma (6.75 noeHa)

YpmuHa nanma (Phoenix dactylifera L.) je yobunuajeHa Ha nogpyyjy Apanckor nonyoctpsa. beHn nnogosu
ce jefy LUMPOM CBETa 1 30BY Ce ypMe.

Cnuka 5.1 npeacTaB/ba y34y>XXHU Npecek naoga ypme. Y Tabenmn 5.1 cy gata TkmBa npoHaheHa y nnoay.

Cnuka 5.1. Y34y>XHW rnpecek rnjaoja v cemeHa ypme.
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bp. Tkneo

Cemensaya (Testa)

EHpoKapn

Envikapn
Me3sokapn

Knnuya

OV W[IN|=—-

EHgocnepm

Ta6ena 5.1

5.1. NoBexxuTe TKMBa NoMeHyTa y Tabenun 5.1 ca cnoBuma Ha cnvum 5.1

A.5.1 Ynuwnte Kpctuh (X) y ogrosapajyhy kyhuuy koja ogrosapa ceakoj og o3Ha-  (0.5pt)
Ka (A go E). Mpumep TauHor oaroBopa 3a o3Haky F je Beh ynuncaH y Aow0j Tabe-
.

TknBo
O3Haka | 1 2 314 5 6

M mgo N|w|>




Theory

1JSQ -

e ol Gatblll Josll polll slusalsl
18th Internatiol cience Olympiad S RB = S = 0 1 T_ 5 Q = 3

Serbian (Serbia)

5.2. 0a TkmBa (1-6) HaBegeHMX y Tabenu 5.1, Koja TKMBa Cy U3BeieHa CaMoO 0/} )KEHCKOT poanTesba?

A.5.2 Ynuwunte kpctuh (X) y oaroeapajyhoj kyhuum (Ja/He) koju oarosapa cBa- (0.25pt)
KOM OZ TKMBa.

TkuBo | Ala | He
1
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5.3. Tokom caspeBaha, N10A0BYK ypMe NoKasyjy MpoMeHe y cagpxajy ckpoba v wehepa Kao LWTo je npu-
KasaHo Ha rpaduky ncnog (Cnuka 5.2).

Cnuka 5.2
X [aHun noTpebHu 3a ca3peBarbe Boha
Y % capap>aja
— YkynHu wehepwu
— - Ckpob
Caxaposa
1,2,and 3 dase cazpeBarba Boha

Caxapo3a ce CMHTeTuLLEe Yy INCTOBMMA U NPEHOCK A0 NA0Aa. Y NNojy Ce caxapo3a pasfaxe Ha rnykosy
n ¢pykTo3y nomohy eHsnma A. Y nnogdy Koju ce pasBuja Takohe ce popmumpajy wehepn pasrpagHom
ckpoba eH3MOoM B. YkynHu wehepu yk/byyyjy 1 MOHOCaxapuae v gncaxapuae.

Jate cy cnepehe TBpAHbe:
TBpaa 1: AKTMBHOCT eH3nMa B gonpuHocu noseharby ykynHuX Wwehepa y ¢asm 2.
TBpaHba 2: AKTUBHOCT eH3nMa A je Beha y da3m 1 Hero y ¢pasm 2.

TBpaHrba 3: AKTUBHOCT eH3KMMa A 1 B je Beha y nepuogy nsmehy 2. n 3. ¢ase Hero y dpasm 1.
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Ha ocHoBy aHanuse gujarpama (cnvka 5.2), ga nu cy rope HaBegeHe TBpame (1 Ao 3) TauHe?

A.5.3 Ynunwwnte kpctuh (X) y ogroeapajyhoj kyhuum (Ja/He) koja ogrosapa rope  (1.0pt)
HaBeAeHVM TBpAHaMa

Tepawa | Aa | He
1

5.4. EH31M VHBepTa3a XMApon3yje caxaposy (gucaxapug) y rnykosy n ¢ppyktosy (MoHocaxapuae). Jes-
Ha o4 MeToZa 3a NpoLeHy HMBOA aKTUBHOCTU NHBEPTa3e je Mepere KOHUeHTpauuvje dopMmnpaHe ray-
KO3e r/1yKo3a-OKC1Aa30M MeTOAOM. Y 0BOj METOAU KOHLIeHTpaLuMja rnykose ce rnpoleryje Ha OCHOBY
ancopbaHumje Kpajrer Npon3Boaa peakunje mepeHe Ha 562 nm (Ajg,). KannbpaumoHa kprBa 3aBUCHO-
CTW PasINUNTUX KOHLEHTpauuja raykose v ancopbaHuuje (Asq,) A0bMjeHe rnyko3a-okcnaasa MeToAoM
npeacTaB/beHa je Ha cavuy 5.3.

0.35

0.3

|

‘

0.15 |

0.1
0.05 i
0 o

9

0.05 0.1 0.15 0.2 0.25 0.3
-0.05

Cnuka 5.3. X-oca = KoHueHTpaumja raykose (mg/ml); Y-oca = Ay

AKTVMBHOCT MHBepTase ce M3paxana y eH3nMCKMM jeanHuuama (U). JegaH U nHTepBase ce gedpuHuie
Kao KOMIMUYMHA eH31Ma Koju npor3soamn 1 ymol rayko3se 3a 1 min Ha 30°C.

Y ekcnepuMeHTy, cnegeha peakumja je nocTaB/beHa 3a Mepere akTUBHOCTUN MHBepTase:
i. 0.6 ml nydepa

ii. 0.2 ml 400 mM caxapose

iii. 0.2 ml 3annxe eH3nMa vHBepTase

* VIHKy6aumja peakumoHe cMella ce ogeujana Ha 30°C y Tpajakby o4 30 min, HaKOH yera je peakuuja
npeknHyTa noBehakem TemMnepaTtype.

« [nyko3a HacTana Ha Kpajy peakuuje je npouereHa METOAOM yK03a-0KCMAA30M U 3a6eniexeH je
A562'
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* amepeHa BpegHoOCT A, je 0.1.

Ha ocHoBy ropmux nHdopMaLmja, oAroBopuTe Ha ciegeha nuTarba:

N3pauyHajTe y pmol KonnumHy caxapose Koja je 6Mna npucyTHa y peakLMOHOj CMeLL .

A.5.4.1 KonnuuHa caxapose = (0.5pt)

Ha ocHoBYy youeHe ancopnuuje, KosnKka je 6nna KoHUeHTpaumnja rnykose (mg/ml) HacTtana Ha
Kpajy peakuuje?

A.5.4.2 (0.25pt)
KoHueHTpauuja (mg/ml) rnykose =

N3pauyHajTe KONUUMHY rnykose y pmol Koja je HacTana Ha Kpajy peakuunje (M.W. rnykose = 180).
HanuwwnTe cBOj oarosop ca 3 Aeummane

Y cny4yajy Aa He MO)XKeTe fia oiroBopuTe Ha nuTamwe 5.4.2, KOPUCTUTE 3@ KOHUEHTpaunjy riykose
BpeaHocT 0.4 mg/ml.

A.5.4.3 (0.75pt)
KonnuunHa rnykose =

MN3pauyHajTe akTUBHOCT nHBepTase y U/ml Kao pe3yntaT pacTBapata eH3MMa nHeepTtase. Hanu-
wmnTe CBOj oarosop ca 3 geummane.

Y cnyJyajy pa He MoXkeTe Aa oAgroBopuTte Ha nuTawe 5.4.3, kopuctute BpegHoct 0.973 ymole 3a ko-
NINYNHY caxapose.

A.5.4.4 (1.5pt)
AKTUBHOCT NHBepTase =

5.5. cTpaxunsay je npeuncTno nHeeptasy ns 1 kg nnogosa ypMme 6e3 cemeHa. OBM NI0A0BK Cy XOMOre-
HV30BaHW y ogroeapajyhem nydepy n puntpmpaHun kopmwherwem 4 cnoja MycanHcke TKaHUHe Aa bu ce
£80610 CMpPOBKM eKCcTPaKT. CMPOBK eKCTPAKT je 3aTUM GpakLMOHMCaH KPOo3 cepujy Kopaka 3a npevunwha-
Bahbe NPOoTenHa, Aa 61 ce OOMO LWITO KOHLLEHTPOBaHWjX Npenapar eH3rma nHBepTase. NpeynwhaBake
npoTerHa je UMano 3a L yknarake 6anacTHUX NpoTenHa y3 MUHMMaNaH rybutak akTMBHOCTY eH3K-
ma.

OBuM KOpaum cy yk/byuurBanu (i) Tanoxemwe npotenHa ca (NH,),S0,, (i) xpomaTorpadujy Ha KOIOHN 1
(iii) joHoM3MeH1BauKy xpomaTtorpadujy. AKTUBHOCT nHBepTase (U) 1 cagpxxaj npoTenHa (Mg) MepeHu cy
Yy HaKOH CBaKoOr Kopaka TOKOM npeunwhaBama. Takohe, (i) cneundryuHa akTUBHOCT eH3uMa U (i) % edun-
KaCHOCTW Cy payyHaTV HaKOH CBaKOI Kopaka TOKOM npeuniuhaBaka, Kako 6y ce npoueHnna eprkacHoCT
npeuvnwhaBaksa.
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Kopak koju yknaka MakCMManHy KoMYmMHy 6anacTHUX NpoTerHa y3 MUHUMAaNHW rybuTak akTMBHOCTU
eH31Ma cMaTpa ce epuKacHM Kopakom npeynihaBaksa.

* CneundnyHa aKTMBHOCT MHBEPTase Ce M3padvyHaBa Kao aKTUMBHOCT eH3MMa Mo mg npoTenmHa
(U/mag).

* % edunKaCcHOCTN MOXe BUTK NpeAcTaB/bEH Kao NPoLeHaT akTUBHOCTU nHBepTase (U) gobunjeH Ha-
KOH CBaKor Kopaka npeuvihaBata y nopehery ca akTMBHOCTY CMPOBOI eKCTPakTa.

Table 5.2 cagp>Xun akTUBHOCT MHBepTa3e W yKyMHW NPOTENH Y CUPOBOM eKCTpakTy (Kopak 1) 1 koju ce
06HOBMO HAaKOH Pa3NNUNTKX Kopaka npeunwhaBarba (2 4o 4).

N3pauyHajTe cneumpuUHy akTUBHOCT MHBepTase y kopaumma 1 40 4 u % epukKacHOCTU 3a Kopake
oA 2 ao 4. 3anuwinTe cBOj oarosop (ca 3 geummane) y tabenu 5.2:

A.5.5.1 (1.0pt)
Ta6ena 5.2
Bpoj Kopak AKTUBHOCT | YKynHo | CneundunyHa | % edpurkacHoCcTn
Kopaka | npeunwhaBarwa | MHBepTase | NPOTEUHA | aKTUBHOCT MHBepTase
(U) (mg) MHBepTase
CnpoBu ekcTpakT 13,773 13,746
2 Tanoxemne 12,469 8,234
aMOHUjyM
cyndarta
3 AdnHMTETHA 11,487 836
XpomaTtorpaduja
4 JoHOM3MeHBaykKa 11,156 567
XpomaTtorpaduja

Ha ocHoBY nogaTaka AaTux y Tabenu 5.2, oagroBopuTe Ha cnegeha nutama:

A.5.5.2 NpeHTdUKyjTe 6poj Kopaka (2 Ao 4) Koju je goBeo Ao HajedumkacHumjer npeun-  (0.5pt)
whaBara VHBepTase ynucusawem Kpctuha (X) y oarosapajyhy kyhuuy.

Kopaum | 2 | 3 | 4

anMGHEHOje Aa I'IOCTOjI/I ry6|/|Ta|< E€H3NMCKE aKTUBHOCTU TOKOM Pas3indynNTnNX Kopaka I'Ipe‘-II/ILIJhaBaH:a.
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A.5.5.3 NpoHahunTe KopaK y KojeM MOCTOoju MakKCMManHu rybutak eHsammcke akTueHo-  (0.5pt)
cTn, ynucmsawem kpctuha (X) y ogrosapajyhy kyhuuy.

Kopaum | 2 | 3 | 4




Theory

|JS!

MMUIWLUJ _\Jw,;,J.zu Slesalsl
18th Intes i IJ S Olymp iad
Dubal, UAE dxsial usel i

SRB-S-01 T-5 A-1

Serbian (Serbia)

3agaTak 5. YpmumHa nanma Jiuct 3a orosope (6.75 noeHa)

A.5.1 (0.5 pt)

TknBo
O3Haka 3 4 5 6
A
B
C
D
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A.5.2 (0.25 pt)

Tkmeo | Aa | He

A.5.3 (1.0 pt)

Tepaha | Aa | He
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A.5.4.1 (0.5 pt)
KonunumHa caxapose =

A.5.4.2 (0.25 pt)
KoHueHTpauumja rnykose (mg/ml) =

A.5.4.3 (0.75 pt)
KonunuunHa rnykose =

A.5.4.4 (1.5 pt)
AKTUBHOCT MHBepTase =

A.5.5.1 (1.0 pt)
Ta6ena 5.2
bpoj Kopak AKTUBHOCT | YKynHOo | CneuyudmnuyHa | % edpurkacHocTmn
Kopaka | npeuynwhaBaka | UHBepTase | NpoTeMHa | aKTUBHOCT MHBepTase
()] (mg) MHBepTase

1 CnpoBun ekcTpakT 13,773 13,746
2 Tanoxemne 12,469 8,234

aMOHUjyM

cyndata
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A.5.5.1 (cont.)

Bpoj Kopak AKTMBHOCT | YKynHo | CneuudmnyHa | % epmkacHoCcTn
Kopaka | npeunwhaBawa | UHBepTase | NPOTEMHA | aKTUBHOCT MHBepTase
(V) (mg) WHBepTase
3 Xpomartorpaduja 11,487 836
Ha KONOHWU
4 JoHOM3MEeHMBaYKa 11,156 567
xpomaTorpaduja
A.5.5.2 (0.5 pt)
Kopaum | 2 | 3 | 4
A.5.5.3 (0.5 pt)
Kopaum | 2 | 3 | 4
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Q.6. Theory II - Bird populations ( 3.25 points)

A population is a group of individuals of the same species that live in the same area and interbreed,
producing fertile offspring. The population’s genetic makeup is characterized by describing its gene
pool, which consists of all copies of every type of allele at every locus in all the members of the population.
If only one allele exists for a particular gene in a population, that allele is said to be fixed in the gene
pool. If there are two or more alleles for a particular gene in a population, individuals may be either
homozygous or heterozygous.

The frequency of different alleles in a population is presented as the number of that allele present out
of the total number of alleles for a given gene. For example, a population has 1000 copies of alleles for
a given gene. If one of the alleles (X) of this gene has 100 copies the frequency of allele X is 0.1.

If a population is not evolving, the frequency of alleles will remain constant generation after generation.
Such a population is said to be in equilibrium, as defined by Hardy and Weinberg; hence called Hardy-
Weinberg equilibrium. The Hardy-Weinberg equilibrium can be described by the equation p? +2pg+ ¢ =
1, where p and q are frequencies of two alleles of a gene.

Scientists studied a population of 10,000 birds in a forest area. This parental population has birds with
red, pink, or white beaks. Mating between birds with red and white beaks leads to a progeny with birds
with pink beaks. If birds with pink beaks are randomly mated, the progeny has birds with red, white and
pink beaks in a ratio of 1: 1: 2. Beak color is governed by two alleles, B and B".

Which of the following can describe the relationship between the alleles 3% and B"? Mark the
column Yes with a cross (X), if the description of the allelic relationship is correct and in column
No if it is incorrect.

A.6.1 (0.25pt)
S.No. | Relationship Yes | No
1. Co-dominance
2. Incomplete dominance
3. Over dominance
4, Dominant-recessive

6.2. A DNA-based test was carried out to identify the genotypes of all the 10,000 birds in the above
population. The observation is summarised in Table 6.1:
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Phenotype | Genotype | Number of birds
Red beak BEBE 6400
Pink beak BRBW 3200
White beak BY BW 400

Table 6.1

What is the frequency of the alleles B* and B ?

A.6.2 Frequency of B? = (0.5pt)

Frequency of BV =

6.3. All the birds in the parental population were tagged. After 6 months, the scientists visited the
population and observed that 5,000 new chicks were born (Generation I). Observation following analysis
of generation I is summarised in Table 6.2:

Phenotype | Genpotype | Number of birds
Red beak BEBE 3200
Pink beak BEBY 1600
White beak BV BW 200

Table 6.2

Based on comparing the observations in Table 6.1 and 6.2, the following statements were made:

Statement 1: The frequency of Bf and B" alleles is the same in generation 1 and the parental population.

Statement 2: Random mating occurred in the parental population.

Statement 3: The population is not evolving.

Are the above statements ( 1 to 3) correct?

A.6.3 Mark a cross (X) in the appropriate column (Yes/No) corresponding to each of
the statements.

Statement | Yes

No

1

(0.5pt)




Theory

IJSQ -

B et SRB-S-01 T-6 Q-3

English (Official)

6.4. 1000 chicks of generation I were transferred to an island before they matured to reproduce (were
able to produce gametes). Of the 1000 chicks, 336 birds had red beaks, 504 birds had pink beaks and
160 birds had white beaks. Further, after the birds were moved to the island, it was observed that birds
with white beaks were infertile. Random mating in this population led to 100 newborn chicks.

Calculate the number of chicks expected to have either (i) red beaks or (ii) pink beaks.

A.6.4 6.4.1. Red beak = (1.5pt)

6.4.2. Pink beak =

Which of the following conditions are essential for a population to be in Hardy-Weinberg equilib-
rium?

A.6.5 Mark a cross (X) in the column Yes, if it is essential or in column No is it is non-  (0.5pt)
essential.
S.No. Condition Yes | No
1. Occurrence of mutations
2. No gene flow (Transfer of genetic material
from one population to another)
3. Random mating
4, Natural selection
5. Small population size
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3apaTtak 6. Teopwmja II - NMonynaumnja ntuya (3.25 noeHa)

Monynauwmja je rpyna jejMHKM UCTe BPCTe KOje XXMBE Ha UCTOM MOAPYYjy 1 YKpLUTajy ce, Aajyhn niogHo
NOTOMCTBO. [eHeTnuKa CTPYKTYpa nonynaumje ce Moxe okapakTepucat onucyjyhu leH reHcku ¢oHa,
KOjM ce cacToju o4 Kommja CBaKor TMMa ajnesna Ha CBakOM JIOKYCY KOJ CBUX Y/laHOBa JaTte nonynauuje.
AKo nocToju caMo jesaH anen 3a ogpeheHun reH y nonynauuju, 3a Taj anen ce Kaxe Aa je pukcmpaH y
reHckom ¢oHAy. AKO MOCTOje ABa AW BULLe anena 3a ogpeheHu reH y nonynaunju, jeAnMHKe Mory bmutu
NN XOMO3UIOTHE USIN XeTePO3UTroTHE.

YuecTanocT pasnmunTmux anenay nonynaumjm je npejcraBbeHa Kao 6poj NPUCYTHUX anena of YKynHor
6poja anena 3a Aatu reH. Ha npumep, nonynaumja nma 1000 Konmja anena 3a AaTu reH. AKO jegaH oj
anena (X) osor reHa nma 100 konwuja, dpekBeHumja anena X je 0,1.

AKO ce nonynaumja He pasBuja, ydecTanocT anena he octatm KOHCTaHTHa U3 reHepaumnje y reHepauujy.
3a TakBy nonynaumjy ce Kaxe ja je y paBHOTEXM, Kako cy aeduHuncann Xapan v BajHbepr; v 3ato ce
Ha3vBa Xapan-BajHbeprosa paBHoTexa. XapAn-BajH6eprosa paBHOTEXa Ce MOXe onmncaTu jeiHa4MHOM
p? 4+ 2pq + ¢* = 1, rAe ¢y p 1 g cy pekBeHUVje reHa Koju Ma ABa anena.

HayuHuuy cy npoydasanu nonynauujy og 10.000 ntrua y wymckom nogpydyjy. Osa poanTtesbcka no-
nynaumja nma nivue ca LpBeHVM, py>XXn4acTum nam 6ennm kibyHoBuMa. Mapere namehy ntmua ca
LPBEHMM K/bYHOM N 6€MM K/bYHOM AOBOAN A0 MOTOMCTBA Ca PY>XMUYacTMM K/byHOM. AKO ce nTuLe ca
PY>XNYACTUM K/bYHOM HaCyMWYHO nape, NOTOMLM Cy ATULE Ca LpBEHUM, 6e11UM N PYXXNYACTUM K/bYHOM
y oaHocy 1:1:2. boja k/byHa je oapeheHa ca gBa anena Bf n BV,

LLUiTa oa HaBeaeHOr MoXKe Aa onuwie ogHoc nsmehy anena B% u B"? O3HauuTe KoNoOHy [la ynucu-
BakeM KpcTuha (X), ako je onuc Bese uamehy anena tayaH n y KosioHy He ako je HeTauaH.

A.6.1 (0.25pt)
bpoj kopaka | Besa Aa | He
1. KogomuHauuja
2. HenoTnyHa goMunHaumja
3. MNpekomepHa joMMHauMja
4, JoMnHaHTHO-peLecnBaH

6.2. la 61 ce ngeHTUdMKOBaNM reHoTMNoBu cBux 10.000 NTrLa y ropH0j nonynaumju cnposegeH je AHK
TecT. 3anaxama Cy objegnmeHa y Tabenn 6.1:



Theory

IJSQ

I
wchl‘fa:ﬂqwjﬂvd mﬁﬂy:‘:"; SRB_S_Ol T_6 Q_Z
Serbian (Serbia)
deHOTUN FeHoTun | Bpoj nTuua
LipBeHM K/byH BEBE 6400
Pyxxuuactv kibyH | BEBW 3200
Benu k/byH BY BW 400
Ta6ena 6.1

Konuka je ppekBeHumja anena B n

BV ?

A.6.2 dpekBeHumja B =

®pekBeHuuja B =

(0.5pt)

6.3. CBe NTuLUe y poAnTe/bCKOj nonynaumju cy obenexeHe. Nocnie 6 Meceumn, Hay4YHULM Cy NoceTUN
nonynauujy n npumeTnnun aa je poheHo 5.000 HoBux nunuha (I reHepaywja). 3ana)kaka HakKoOH aHanmse
I reHepauuije cy objeanteHa y Tabenn 6.2 :

Ha ocHoBy nopehera 3anaxama y Tabenn 6.1 v 6.2, sate cy cnegehe 1BpaHE:

deHOTUN FeHoTun | Bpoj nTuua

LipBeHM K/byH BEBE 3200

Pyxuuactv kibyH | BEBW 1600

Benn kbyH BV BW 200
Ta6ena 6.2

Teparba 1: PpekBeHumja anena B n BV je uctay 1 reHepaumju 1y poamntesbckoj monynaumju.

TBpAHea 2: lecno ce HaCyMUYHO Napere y poAUTE/bCKOj Monynaumjun.

TepAHa 3: Nonynaumnja ce He pa3Buja.

Aa nun cy ropwe TBpaH€e (1 Ao 3) TauHe?

A.6.3 Ynuwwute kpctuh (X) y ogrosapajyhy kyhuuy (Ja/He) koju ogrosapa csakoj og  (0.5pt)
TBPAHU.

Tepawa | Ala | He

1
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6.4. 1000 nunnha nslreHepaumje npebayveHo je Ha OCTPBO Mpe Hero LLUTO Cy ca3pesnn Aa ce pa3MHOXaBajy
(bunny cTawy fa npounssegy ramete). O 1000 nunnha, 336 NTMUa MMano je LpBeHe K/byHoBe, 504 nTnua
je mano pyxmnuyacte k/byHoBe, a 160 NTuLa je nMano 6ene kKbyHoBe. HakoH LUTO Cy NTULE NpeMeLlTeHe
Ha oCTpBO, NpnMeheHo je ga cy NTuLe ca 6en1nM K/byHOBMMA HennogHe. HacyMUYHUM napereM y 0BOj
nonynaunju je pesyntupano ca 100 HoBopoheHux nunavha.

N3pauyHajTe 6poj nnnuha 3a Koju ce ouekyje aa he umaTu (i) LpBeHe K/byHOBe UM (ii) py>kuuacrte
K/byHOBe.

A.6.4 6.4.1. UpBeHN K/bYH = (1.5pt)

6.4.2. Py>kKMyacTu KJbyH =

Koju og cnegehux ycnoBa cy HeonxogHu paa 6u nonynauuvja 6una y Xapgu-BajH6eprosoj paBHo-
Texu?

A.6.5 Ynuwwnte kpctuh (X)y kyhnuy Ala ako je 6uTHO nnu ykyhuuy He ako je HebutHo.  (0.5pt)

Bpoj kopaka Ycnos Aa | He
1. MojaBa myTaymja
2. Hema npeHoca reHa ([MpeHoc reHeTcKor Matepujana
ca jeAHe nonynaumje Ha Apyry)
3. HacymnuHo napere
4. MpupogHa cenekyyja

5. Mana BennuyunHa nonynauunje
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3apaTak 6. Monynauuja ntuua Jiuct 3a ogrosope (3.25 noeHa)

A.6.1(0.25 pt)

6.2.1. PpekBeHUMja BR =

6.2.2. ®pekBeHUnjaB"V =

bpoj kopaka OpaHoc Aa | He
1. KogomuHauuja
2. HenoTtnyHa gomMuHaumja
3. MpekomepHa goMmnHauwnja
4, JloOMVHaHTHO-peLecnBaH
A.6.2 (0.5 pt)
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A.6.3 (0.5 pt)

Tepawa | Aa | He

A.6.4 (1.5 pt)

6.4.1. LipBeHU K/byH =

6.4.2. PyXXU4acTu KJbyH =
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A.6.5 (0.5 pt)

Bbpoj kopaka

Ctame

Aa

He

1.

MNojaBa myTauuija

2. Hema npeHoca reHa
3. HacymunuHo napere
4, MNpupogHa cenekumja
5. Mana BenuymnHa nonynauuje
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