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Unit 5: Principles and Applications of Science ll

Biology

LSECTION A: ORGANS AND SYSTEMS
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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box X. If you change your mind about an
answer, put a line through the box £ and then mark your new answer with a cross [X.

SECTION A: ORGANS AND SYSTEMS

1 Figure 1.1 shows part of the respiratory system.

Figure 1.1
(@) (i) Identify the name of structure A in Figure 1.1
(1)
LI A alveoli
[J B bronchus
LI € larynx
[J D trachea
(i) Name the structure labelled B in Figure 1.1
(1)
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(b) Paragraph 1.1 describes the volume and pressure changes that occur in the
thorax during expiration.
During expiration, the external intercostal muscles ... A and the
ribcage moves down and in. The diaphragm moves up. This causes the volume to
S - and the pressureto ... Co inside the thorax.
Paragraph 1.1
(i) Identify the missing word A in Paragraph 1.1.
(1)
(ii) Identify the missing word B in Paragraph 1.1.
(1)
(iii) Identify the missing word C in Paragraph 1.1.
(1)
J
5
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(c) Figure 1.2 shows a peak flow meter. e 8 >
‘/\\ ;&
Peak flow meters measure the speed of expiration. ‘o **;2/\*
b5 @ Jooo B T %
. . . KIS S
Doctors can use peak flow meters to help diagnose patients with asthma. _g;\\\ g\
s SR
5 2
=l e
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x\\ \;
; S \0\
Figure 1.2
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Figure 1.3 shows a peak flow rate graph of a patient with asthma before and after
treatment.
500
© 400 AT
> /
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g 299 /o—-o\..__—/
T 150 [ +—e
©
& 100
50
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days
Figure 1.3
(i) Identify the day on which the treatment for asthma began.
(1)
L] A day2
[J B dayé
[J € day10
[J D day12
(i) Calculate the percentage increase in peak flow rate between day 1 and day 14.
(2)
Show your working.
.............................. %
(Total for Question 1 = 8 marks)
J
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2 Figure 1.4 shows the structure of a cell surface membrane.

acids
Outside A A A
N

gg@z g Eikll:;srholipid

(@) Amino acids are required inside the cell for protein synthesis. Amino acids cannot
pass through the phospholipid bilayer.

Inside
the cell

Figure 1.4

Describe, using information from Figure 1.4, how the amino acids enter the cell.
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Figure 1.5 shows the structure of a phospholipid molecule.

Fatty acid tail

/ Phosphate head
Figure 1.5

(b) (i) Explain how the properties of the phosphate head cause it to face the watery
exterior and interior areas.

(i) Explain how the properties of the fatty acid tails cause them to face away from
the watery exterior and interior areas.

(Total for Question 2 = 6 marks)
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3 (a) Figure 1.6 shows a section of the human heart.

X andY are valves in the heart.

(Source: http://3.bp.blogspot.com/-IHW04Cn24RM/VAK5Rhmt_xI/AAAAAAAACpU/
WoZJvUCloQc/s1600/Simple%2BHeart%2BDiagram.jpg)

Figure 1.6

(i) Name valves X and .

10

P 51 7 2 4 R A 01 0 4 0

O

VAUV SIHL NI ILEM 1ON OQ

SN ioNeE

KA KK

vavSHINGioved  vay

K
RRKK.

e

XX

XRKKKKY R el XL e %0 %
RXKKIHKKKIKHKKIKIKAKIKIKARKHKAKK 036%0°6%% %

R




X
&
L
%
L
%
L
%
&
X
X
%3

SOOI

AN

‘DONOTWRITEINTHISAREA

o

(b) There are changes in blood pressure during the cardiac cycle. These changes are
brought about by the contraction and relaxation of heart muscle.

Table 1.1 refers to two phases of the cardiac cycle.

Complete Table 1.1 by stating whether the atria and ventricles are contracted or
relaxed in each of these phases.

(2)
Phase of cardiac cycle atria ventricles
ventricular systole
cardiac diastole
Table 1.1
Figure 1.7 shows changes in blood pressure in the aorta and the left ventricle during
the cardiac cycle.
20
- N S e =
£ 15 N
> el L A\ s EE e aand? ===-laorta
= \
2 / \
§ 10 \ 1
ot \
o / \
_8 > : 3 left
o 1N I 4 I O O I A .
/ A S ventricle
0
0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Time/s
Figure 1.7
(c) Calculate the heart rate using information from Figure 1.7.
(3)

Show your working.

.............................. beats per minute

J
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(d) Explain why during ventricular systole, the pressure in the right ventricle is
different from the pressure in the left ventricle.

(Total for Question 3 = 13 marks)
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(a) Explain why the concentration of sodium ions in fresh dialysis fluid should be the
same as the normal concentration of sodium ions in blood.

(b) The concentration of ions in blood plasma is continually monitored by
osmoreceptors in an area of the brain.

When the concentration is too high, antidiuretic hormone (ADH) is released from
the pituitary gland. The ADH is carried in the blood and acts on the kidneys.

Explain how ADH is involved in osmoregulation in the kidneys.

(Total for Question 4 = 7 marks)
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5 Cardiovascular disease (CVD) affects the heart and blood vessels.
Coronary heart disease and strokes are types of cardiovascular disease.
High levels of low-density lipoprotein (LDL) cholesterol in the blood is one risk factor
for CVD. Statins are one type of drug used to treat CVD.
Discuss the use of statins to treat CVD.
(Total for Question 5 = 6 marks)
TOTAL FOR SECTION A = 40 MARKS
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rAppIied Science

Unit 5: Principles and Applications of Science ll

Chemistry

LSECTION B: PROPERTIES AND USES OF SUBSTANCES
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6 Many metal oxides and metal hydroxides are basic.

(a) Identify the pH of a basic metal hydroxide solution.

O 0O O

O

(b) Aluminium oxide is an amphoteric metal oxide.

State what is meant by the term amphoteric.

Nn @ >

D

pH 1
pH 4
pH7
pH 10

SECTION B: PROPERTIES AND USES OF SUBSTANCES

(1)

(c) Sodium hydroxide is a base and an alkali.
Copper hydroxide is a base but not an alkali.

Give the reason why sodium hydroxide is an alkali but copper hydroxide is not.

J
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(d) Manganese (V) oxide is a transition metal compound.
It can be used as a catalyst to speed up reactions.

Explain why manganese (IV) oxide can act as a catalyst.
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(Total for Question 6 = 7 marks)
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7 The properties of organic compounds depend on their structure and bonding.

H

H— C—H

i
T—0N—T
I—N—=IT

|
II—N—=T

|
IrI—N—=T
|

T

C
|
H

(@) Name this compound using IUPAC convention.

‘DONOTWRITEINTHISAREA -

(b) C4H10 has two structural isomers.

Complete the table to show the name and displayed formula of each isomer
using IUPAC convention.
(4)

Name of isomer Displayed formula

(c) State why hexane has a higher boiling point than methane.
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(d) Alkenes are unsaturated hydrocarbons. Alkenes can be obtained by cracking.

(i) Identify the general formula for an alkene.

|
|
|
|

(1)
A CnH2n
B CH

n 2n+2
C CZan
D CH

2n  2n-2

(i) Complete the equation for the cracking of decane to form one molecule of
propene and one other organic molecule.

(2)

(iii) Alkenes can have stereoisomers.

Explain why dichloroethene has cis- and trans- sterecisomers. You may use
drawings to support your answer.
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(iv) Alkanes contain sigma (o) bonds.
Alkenes contain both sigma (o) and pi (1) bonds.

Explain, in terms of sigma and pi bonds, why alkenes are more reactive than
alkanes.

‘DO NOT WRITE IN THIS AREA

(Total for Question 7 = 15 marks)
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8 Ethanol, CH,OH, is often used as a biofuel.
Itis a liquid at room temperature.

(@) (i) Write the balanced equation for the standard molar enthalpy change of
formation of ethanol.

(i) Give one reason why the standard molar enthalpy change of formation of
ethanol cannot be measured directly.

(b) The enthalpy change of combustion of ethanol was determined using a calorimeter.
The mass of the water used was 250 g.
The amount of ethanol burnt was 0.016 moles.

The initial temperature of the water was 293.0 K and the final temperature of the
water was 303.5 K.

Specific heat capacity of wateris 4.18 J g K.

(i) Show that the heat energy produced by burning 0.016 moles of ethanol is
approximately 10970 J.

Heat energy produced = mass of water X specific heat capacity x change in
temperature.

Show your working.

Heat energy =

P 51 7 2 4 R A0 2 2 40
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(ii) The heat energy produced from burning 0.016 moles of ethanol is 10970 J.

Calculate the enthalpy change of combustion of ethanol in kJ mol™.

_ heat energy produced

number of moles

X

Show your working.

3

(3)

DO NOT-WRITE IN THIS AREA

enthalpy change of combustion of ethanol = ... kJ mol

(Total for Question 8 = 10 marks)
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9 Free radical reactions are important in the organic chemical industry.
Some polymers are made by the free radical polymerisation of alkenes.
(@) (i) Identify the type of reaction used in the free radical polymerisation of alkenes.
(1)
] A Addition
[J B Hydration
[J € Oxidation
[ D Substitution
(ii) Draw one repeat unit of the polymer formed from the monomer CH_=CH..
(1)
\ J
24
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(b) Chloromethane is produced when chlorine reacts with methane.

Explain the three stages of the free radical mechanism involved in the formation
of chloromethane.
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SECTION C: THERMAL PHYSICS, MATERIALS AND FLUIDS
10 A force is applied to the end of an elastic band by adding weights.
The elastic band increases in length.
The increase in length is called the extension.
Ruler Elastic band
(L Weight hanger
~<— Weights
A learner measures the extension of the band.
This is repeated for a range of different weights.
The learner also measures the extension as the weights are removed.
They draw a graph of their results.
16
/)
14 »
SNNENNEEEN ENENE SNNEE SN NN NN NN NN SN NN AN AR )/ anunn
12 a
;’ /
10 | o /
- loading P
S s e 5
o p” s
= 6 — Zaiis
unloading
4 P ”
ad i
L
2 ~
s j
0 Yo
0 5 10 15 20 25 30 35
Extension / cm
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(@) Identify what the shaded area on the graph represents.
(1)

energy conserved by the elastic band

energy gained by the elastic band

O 0O O

energy lost by the elastic band

O n w >

L] energy stored by the elastic band

(b) When all the weights are removed from the band, the line on the graph does not
return to the origin.

Give the reason why the line on the graph does not return to the origin.

(Total for Question 10 = 4 marks)
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11 A pipe is used to transport oil.

(a) Identify which factor will affect the pressure of the oil in the pipe.

density of the pipe wall

diameter of the pipe

5 B R O
n @ >

length of the pipe
[J D thickness of the pipe wall
(b) The pipe becomes partially obstructed as shown in the diagram.
The flow of oil is normally streamline.
The obstruction causes the flow of oil to become turbulent.

Draw a fluid flow pattern for the oil from point X to point Y on the diagram.

pipe

/

_— . .

direction X Y
of oil flow \

obstruction

(c) Explain how the velocity of the oil changes due to changes in the viscosity of the
oil when the temperature rises.

(Total for Question 11 = 6 marks)
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12 (a) Steam at 100°C is cooled at a constant rate until it becomes ice.

A B

100 100
Temperature Temperature
OC OC

Time/min
C D
100 100

Temperature Temperature
°C °C

Time/min

Time/min

Identify which graph shows the correct changes in temperature.

O o o o
O N @ »

Time/min

(1)

J
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(b) A power station boiler produces some steam.
A power station uses steam to turn a turbine.
The steam is then condensed.

() The steam loses 5.65 x 10° J of thermal energy when it is condensed into
water.

The specific latent heat of vaporisation of water is 2.26 x 10°J kg™.

Calculate the mass of steam converted into water by the cooling tower.

Show your working.
(3)
MASS . kg
(i) The power station has a maximum theoretical efficiency of 0.56.
The water leaving the power station cooling tower has a temperature of 298 K.
Calculate the temperature of the steam in the turbine.
Show your working.
(3)
temperature of steam = ... K
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(c) Energy is required to heat water to its boiling point, 100 °C.

200 times more energy is needed to change the same amount of boiling water
into steam at 100 °C.

Explain, in terms of the behaviour of water molecules, why there is a difference in
the energy required for the two processes.
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13 Copper and glass are both used in the building industry.
Glass is a brittle material and copper is a ductile material.
The graph shows the stress — strain curves for glass and copper.
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Stress

(Pa) Glass
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(@) (i) State how the graph shows that glass is stronger than copper.
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(b) A steel wire is used to suspend a light fitting from a ceiling.
The tensile stress in the wire is 1 x 10° Pa.
The wire has a cross sectional area of 0.5 mm?

Calculate the weight of the light fitting.

Show your working.
(4)
weight of light fitting = . N
(c) Roofing lead is used as a building material.
Explain how creep can cause roofing lead to become damaged.
(4)

(Total for Question 13 = 10 marks)
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14 Mechanical and thermal systems can be controlled by an isothermal process.
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(a) State what is meant by the term isothermal process.
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(c) A petrol engine is a heat engine. §2§t 8
,g; o
. . . . . Pososeist SPPS
A fuel and air mixture burn in the cylinders of a petrol engine to do work. 2§§;§:§,§ S
SRES S
Kol RS
. A LT L
The graph shows how the pressure and volume of the gas in a cylinder changes S SIS

during the heat engine cycle.
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Explain how a petrol engine is a form of heat engine.

Use the graph to support your answer.

(Total for Question 14 = 9 marks)

TOTAL FOR SECTION C =40 MARKS
TOTAL FOR PAPER = 120 MARKS
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Mechanics

Work
Work done by a gas

Efficiency

Efficiency for heat engines

Maximum theoretical efficiency

Thermodynamics

Ideal gas equation

First law of thermodynamics

Specific heat capacity

Specific latent heat

Materials

Density

Young modulus

Hooke's law

Work done in stretching/ compressing a

wire/spring

Formulae Sheet

AW = FAx
AW = pAV

useful energy output

efficiency =

Q out
Q in
T,

efficiency = 1 — —=—

Ty

efficiency = 1 —

pV = NKT

AQ = AU + AW

AQ = mcAT

AQ = AmL

stress = —

) Ax
strain = —
x

stress

strain

F = kAx

1
AEel = 7 FA

1
AEq = ?k(Ax)z
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