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Answer:  
Maximum kinetic Energy is possible only when the entire energy evolved during combustion is used to 
give kinetic energy to the bullet.  
(a) Molar mass of nitro-glycerine = 227      (0.5 Mark)   
      So 11.35g will correspond to 0.05 Mole      (0.5 Mark)  

      Releasing 16650 J of energy                     (0.5 Mark)  

      1
2
𝑚𝑚𝑣𝑣2 = 16650; `         

     𝑣𝑣 = �2 × 16650
0.1

= 𝟓𝟓.𝟕𝟕𝟕𝟕 × 𝟏𝟏𝟏𝟏𝟐𝟐𝒎𝒎/𝒔𝒔     (1 Mark) 

(Deduct 0.5 if unit is not written along with numerical answer)
 ....................................................................................................... 

 (b) The gases expand through the barrel.   
       Apply formula 𝑃𝑃1𝑉𝑉1/𝑇𝑇1 = 𝑃𝑃2𝑉𝑉2 /𝑇𝑇2       (0.5 Mark) 

       Let V be the volume of the barrel: 

       𝑉𝑉 = 𝑙𝑙 𝜋𝜋𝐷𝐷
2

4
 (not necessary to use)    

       P1 = 1000 atm, 𝑉𝑉1  =  0.2 × 𝑉𝑉,   𝑉𝑉2  =  𝑉𝑉 , 𝑇𝑇2  = 1
3

 𝑇𝑇1              (1.0 Mark) 

(Any one part wrong would lead to deduction of 0.25 Mark) 

       Calculate: 𝑃𝑃2  = 𝑃𝑃1𝑉𝑉1
𝑉𝑉2

. 𝑇𝑇2
𝑇𝑇1

= 𝑃𝑃1
15

= 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏×𝟏𝟏×𝟏𝟏𝟏𝟏𝟓𝟓

𝟏𝟏𝟓𝟓
= 6.67 × 106 𝑁𝑁/𝑚𝑚2.   (0.5 Mark)  

(No Unit – Deduct 0.25 Mark) 

       Force is P X A = 𝑃𝑃2 × 𝜋𝜋𝐷𝐷2

4
 = 𝟔𝟔.𝟔𝟔𝟕𝟕 × 𝟏𝟏𝟏𝟏𝟔𝟔 × 𝝅𝝅×𝟏𝟏.𝟏𝟏𝟓𝟓×𝟏𝟏.𝟏𝟏𝟓𝟓

𝟒𝟒
 =1.178 x105 N    

         F= 1.18 X 105 N                   (0.5 Marks) 

(Double penalty to be avoided) (No Unit – Deduct 0.25 marks) 
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 (b) The gases expand through the barrel.   

       Apply formula 𝑃𝑃1𝑉𝑉1/𝑇𝑇1 = 𝑃𝑃2𝑉𝑉2 /𝑇𝑇2      (0.5 Mark) 

       Let V be the volume of the barrel: 

       𝑉𝑉 = 𝑙𝑙 𝜋𝜋𝐷𝐷
2

4
 (not necessary to use)    

       P1 = 1000 atm, 𝑉𝑉1  =  0.2 × 𝑉𝑉,   𝑉𝑉2  =  𝑉𝑉 , 𝑇𝑇2  = 1
3

 𝑇𝑇1              (1.0 Mark) 

(Any one part wrong would lead to deduction of 0.25 Mark) 

 

 

       Calculate: 𝑃𝑃2  = 𝑃𝑃1𝑉𝑉1
𝑉𝑉2

. 𝑇𝑇2
𝑇𝑇1

= 𝑃𝑃1
15

= 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏×𝟏𝟏×𝟏𝟏𝟏𝟏𝟓𝟓

𝟏𝟏𝟓𝟓
= 6.67 × 106 𝑁𝑁/𝑚𝑚2.  (0.5 Mark)  

(No Unit – Deduct 0.25 Mark) 

       Force is P X A = 𝑃𝑃2 × 𝜋𝜋𝐷𝐷2

4
 = 𝟔𝟔.𝟔𝟔𝟕𝟕 × 𝟏𝟏𝟏𝟏𝟔𝟔 × 𝝅𝝅×𝟏𝟏.𝟏𝟏𝟓𝟓×𝟏𝟏.𝟏𝟏𝟓𝟓

𝟒𝟒
 =1.178 x105 N    

         F= 1.18 X 105 N             (0.5 Marks) 

(Double penalty to be avoided) (No Unit – Deduct 0.25 marks) 
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Answer: the diagram on the question paper is to be printed on the answer space     

                 in the answer sheet, 

 

0.25 marks for each correct direction shown 4 × 0.25     (1.0 Mark) 

   Part (ii) to (iv) 0.25 Marks to be deducted if the units are missing/wrong 

(ii) F f + mgsin(30)= mg [0.15cos(30)+ sin (30)]= 1235 N    

 F = 1.24 x 103 N                                                                                (0.5 Mark) 

 

 

(iii) Pmin= F engine v= [F f + mgsin (30)]v= 24692W   
 P = 2.47 x 104 W       (0.5 Mark) 
 
 
 

(iv)   
a=

F f + mgsin(30)
m = 6.17 m / s2

     (0.5 Mark) 

s= v2

2a  𝒔𝒔 = 𝟐𝟐𝟏𝟏𝟐𝟐

𝟐𝟐×𝟔𝟔.𝟏𝟏𝟕𝟕 
= 𝟑𝟑𝟐𝟐.𝟒𝟒 𝒎𝒎      (0.5 Mark) 

 
(0.25 mark to be deducted for not writing correct unit)  



8 
 

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. 
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Answers: 
1.                                                                                                                                                     
                                                                                                                           (0.5 
Mark) 

 

(The picture of cross section is to be printed in the answer sheet and labeling is to 
be done in the answer key. The deck level should be included)                                                                                              
Every mistake deduct 0.1 Mark 
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2.  Consider the number of passengers to be ‘n’.  

     With respect to the point where the buoyant force acts- is now: 

     65n X 1.0 < 1000 X 0.8 (equality is also acceptable)                                    ( 1 Mark) 

     The answer is 12.33=12                                                                                     (0.5 Mark) 
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Solution: Q.1.1                                                                                                                                                 2M 
Since the reaction is of first order with respect to sucrose,           
Rate constant k=(2.303 /t )* log a/a-x 
k303K=  2.303log   {12.5 – (-15.5)} 
              600         {(-3.0) – (-15.5)} 
 
=  2.303 log 28.0               =        1.344 x 10-3  s-1   (0.5 M) 
     600        12.5 
 
 
k311K = 2.303log {12.5 – (-15.5)} 
              600     {(-8.0) – (-15.5)} 
 
= 2.303 log 28.0               =        2.187 x 10-3s-1   (0.5 M) 
600         7.5     
 
Arrhenius eqn:     log  k311    =     E        {  T2  -  T1}    
                                   k303        2.303 R {   T1 T2    } 
 
log  2.187 x 10-3       =       E              {   311 - 303  } 
        1.344 x 10-3          2.303 x 8.314 { 311 x 303  } 
 
log 1.627       =            E         {    8    } 
                          2.303 x 8.314{311 x 303} 
E = 47.66   kJ mol-1      (1.0M) 
                                                                                                                                                
Deduct 0.25 Marks, if correct units are not written. 

Solution:1.2                                                                                                                              1M 

Arrhenius equation   log k = log A – E/2.303 RT 

T = 27 +273 = 300K 

R = 8.314 x 10-3  kJ K-1mol-1 

When E = 60 kJ mol -1, log k2 = log A – 60/2.303 (8.314 x 10-3) 300 

When E =66 kJ mol-1,   log k1 = log A -66/2.303(8.314 x 10-3) 300 

Subtracting we get, 

log k2  -  logk1   =   [-60 –(-66)]/2.303(8.314 x10-3) 300 
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                           = 6/2.303 (8.314 x 10-3 ) 300 

                           = 1.0445 

log k2/k1            = 1.0445                                                                                       ( 0.75M) 

Therefore  k2/k1 = 11.1                                                                                        (0.25M) 

 

Solution: 

1.3                                                                                                                                                         2Marks 

(A) : CuCO3 (B) :CuS   (C) :  Cu(NO3)2  D: Cu(OH)2       (0.25 marks for each correct identification) 

 

Reactions: 

CuCO3  +  2HCl      CuCl2  +  H2O  +  CO2 

   A      

CuCl2  +   H2S   CuS  +   2 HCl 

         B 

3 CuS  +   8 HNO33 Cu(NO3)2+  2 NO     +  3 S +   4 H2O 

                                         C 

Cu(NO3)2   +    2 NaOH   Cu(OH)2  +  2 NaNO3  

          D   

   (0.25 marks for each correctly balanced reaction) 

Soluion Q.2 

2.1) 1 lit/min for 15 mins 4 times = 60 lit  
            21% of oxygen = 100 % air  
           60 lit of oxygen = (60/21) X 100 = 286 lit      (0.5M) 
(Deduct 0.25 marks if correct unit is not written) 
        
2.2) For getting 60 lit of oxygen 

2H2O  2H2 + O2 
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22.4 lit of oxygen = 1 mol O2  = 2 mol water =  36 g= 36 mL of water 

60 lit of oxygen = (60 x 36)/22.4 = 96.43 mL of water     (0.5M) 

(Deduct 0.25 marks if correct unit is not written) 
 

 

2.3) P1V1  =  P2V2                                                                                                                                                          

Available oxygen: 340 L, 13700 kPa 

Required at 101.3 kPa 

V2  =   (340 x  13700) / 101.3      =       45982 L     (0.25 M) 

Required rate:  5 L /min 

Hence 45982 L available for 9196 min 

                                              =   9196/60 = 153 hrs    = 6.38 days 

     Fresh supply needed after 6 days      (0.25 M) 

 

2.4)                                                                                                                                              1.5M                                                         

P V = nRT      or       n =  PV/RT       =     1 x 2840 / (0.0821 x 303) 

n     =     114 mol        (0.25M) 

n = 114 mole  CO2=   114 x 44 g CO2                                                  
 
 
CaCO3    CaO     +   CO2 
  100g                         44g 
 
Required 114 x 44 =  5016g CO2                                                 (0.5M) 
(Deduct 0.25 marks if correct unit is not written) 
100 x 5016 /44 g CaCO3 
 

But limestone contains 80% CaCO3 

 
100 g limestone =  80 g CaCO3 
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Hence limestone reqd=  (100 x 100 x 5016) / (44 x 80) 
=  14250g    = 14.25 kg     (0.25M)  

KE  =  (3/2) n R T     =     ( 3/2)  x  114 x  8.314 x 303  joules 

=      4.31 x 105 joules = 431kJ      (0.5M) 

(Deduct 0.25 marks if correct unit is not written) 

2.5)                                                                                                                                                            1M  

C6H12O6  + 6O2 6CO2 + 6H2O 

6 moles O2reqd per mole of glucose     
6 X 22.4 lit of oxygen at STP is required for 1 mole of glucose = 134.4 lit of oxygen at STP    (0.25M)  
P1V1 / T1=  P2V2/ T2         
V2  =  ( 1 x 134.4 x 303) / 273 =  149.17 L at 30oC                  (0.5M) 
6 moles of oxygen = 192 g       (0.25 M) 

 

2.6)                                                                                                                                         1M 
 Let the volume of the gases be a.  
rate of diffusion of oxygen = a/3600 
 
time taken for CO2  =    √(44/32)     =  √ 1.375  =  1.173     
      3600 
 
Time taken for CO2  =  3600 x 1.173 =4223 s                (0.5) 
(Deduct 0.25 marks if correct unit is not written) 
Similarly, time taken for Cl2  =  3600 √ (71/32)  =  3600 x 1.489  =  5360.4 s (0.5M) 
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General Instruction : 

1. Only the answers marked or written in the answer sheet will be evaluated.

2. Instruction to mark a column with a cross (X) as an answer is to be marked as follows:

1. Theory I – Date palm (6.75 points)

1.1 (0.5 points) 

Label 
Tissues 

1 2 3 4 5 6 

A 

B 

C 

D 

E 

0.1 point for each correct label 

1.2 (0.25 point). 

Tissue Yes No 

1 

2 

3 

4 

5 

6 

0.25 point for all correct answer (no partial marking) 
You loose 0.25 points if a wrong box is ticked 

Ans: 1, 2, 3, 4 [since they are derived from ovary (2, 3, 4) and ovule (1), with no participation 
of the male parent]  
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1.3 (1.0 points) 

1 point for all correct answers 
0.5 point for 2 correct answers 
0 point for 1 correct answer 

Statement 1 – At stage 2 there is breakdown of starch and thus enzyme B is active. 
Statement 2 – There is only basal level of sugar in stage 1, which is contributed entirely by 
sucrose, thus enzyme A is not active. 
Statement 3-  As there is basal level of sugar in stage 1, and higher levels at stage 2 and 3 
with depleting levels of sucrose and starch, thus both enzymes are active. 

1.4.1 (0.5 point) 

Space for calculation  
The sucrose stock is  of 400 mM 
i.e. 400 millimoles in 1000 ml
or 400,000 µmoles in 1000 ml
or 400 µmoles in 1ml
As the volume of substrate added to reaction mixture is 0.2 ml, the amount of sucrose in the
reaction mixture is 80 µmoles

Answer   

Amount of sucrose = 80 µmoles
No partial marking. 

1.4.2 (0.25 point) Concentration (mg/ml) of Glucose = 0.1 
 0.1 OD corresponds to 0.1 mg/ml of glucose. 

No partial mark 

Statement Yes No 

 1 

2 

3 
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1.4.3 (0.75 point) 

Space for calculation  
Mass of glucose is 180. 
180 g in 1 liter corresponds to 1M solution. 
180 mg in 1 ml corresponds to 1M solution. 
0.1 mg in 1 ml corresponds to 0.1/180 = 0.000555555M = 555.555 µM 
555.555 µM = 555.555 µ moles/liter 

Since the reaction volume was 1 ml, the amount of glucose formed is 0.556 µ moles.  

Answer   

Amount of Glucose = 0.556 µmoles
Deduct 0.1 mark if not written to 3 decimal points. 

No double penalty, marks to be given if calculation is correct based on the answer to 1.4.2

If the value of.0.4 mg/ml is used for this calculation, the answer will be 2.222 µ mols

1.4.4 (1.5 point) 
Space for calculation (write your final calculation in the answer sheet) 
Given that: 1µ moles of glucose formed in 1 min corresponds to 1 U invertase. 

The present reaction was carried out for 30 minutes and 0.2 ml of the stock enzyme was taken 
for the reaction. 

0.555 µ moles of glucose was formed after a reaction time of 30 min (No double penalty, 
value at 1.43 will be taken for further calculation ) 

Thus in 1 minute 0.556/30 = 0.0185 µ moles of glucose was formed which is equal 
to 0.0185U invertase enzyme actvity 

0.0185U invertase enzyme actvity was present in 0.2 ml of stock enzyme used in the reaction 

Therefore 1 ml of the stock enzyme would have (0.0185*1)/0.2 = 0.0927 = 0.093 U 

Answer 

Invertase activity =  0.093 U/ml
Deduct 0.25 if not rounded off correctly to 3 decimal points.
If 0.973 µ mole is used for calculation the answer will be 0.162
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    1.5.1 (1 point) 

0.1 point for each correct answer of specific activity 
0.2 marks for each correct answer of % recovery 

1.5.2 (0.5 point) 

Steps 2 3 4 

After affinity chromatography (step 3) there is 10 fold reduction in total protein with a 
minimal loss in enzyme activity. 

1.5.3 (0.5 point) 

Steps 2 3 4 

The difference between the enzyme activity between a step and a preceding step. After step 2 
the difference is (13773-12469 = 1304). 

After step 3 the difference is (12469-11487 = 982). 

Table 1.2 : 
Step 
Number 

Purification step Invertase 
activity 
(U) 

Total 
protein 
(mg) 

Specific 
activity 
of 
invertase 

% 
recovery 
of 
invertase 

1 Crude extract 13,773 13,746 1.002 
2 Ammonium 

sulphate 
precipitation 

12,469 8,234 1.514 90.532 

3 Affinity 
chromatography 

11,487 836 13.740 83.402 
4 Anion exchange 

chromatography 
11,156 567 19.675 80.999 
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2. Theory 2 – Bird populations ( 3.25 points)

2.1. (0.25 point)

S.No. Relationship Yes No 

1. Co-dominance 

2. Incomplete dominance 

3. Over dominance 

4. Dominant-recessive \ 

No partial marking 

2.2. (0.5 point) 

Space for calculation  
Total number of BR alleles is 6400 + 1600 = 8000 
8000 out of 10000 alleles = 0.8 
Total number of BW alleles is 400 + 1600 = 2000 
2000 out of 10000 alleles = 0.2 

Answers  

2.2.1 Frequency of   BR = 0.8
2.2.2 Frequency of   BW = 0.2

Marking scheme: 0.5 point (for both correct answers no partial marking) 

2.3. (0.50 points)  

Marking scheme: 0.50 points for all three correct answers 
0.25 point for 2 correct answers 
0 point for 1 correct answer 

Statement Yes No 

 1 

2 

3 
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2.4. (1.5 point) 

Space for calculation (write your final calculation in the answer sheet) 
The reproductive population is 840.  
BR= 336 + 252 = 588/840= 0.7 
Bw= 252/840 = 0.3 
Therefore red beak genotype BR BR = 0.7 * 0.7 = 0.49 = 49 out of 100 and 
pink beak genotype BR BW = 0.3 * 0.7 *2 = 0.42 = 42 out of 100 

Answers  

2.4.1. Red beak = 49
2.4.2. Pink beak = 42

Marking scheme: 1.5 points for both correct answers 
0.5 point for one correct answer 

2.5. (0.5 point) 

S.No. Condition Yes No 

1. Occurrence of mutations 

2. No gene flow 

3. Random mating 

4. Natural selection 

5. Small population size 

Marking scheme: 0.1 point for each correct answer.
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