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A photon of wavelength 6.50 x 10 12misincidentonanisolated stationary electron, asillustrated
in Fig. 8.1.

deflected photon
wavelength 6.84 x 10-12m

incident photon e

AAAAAALS> - @ ----Lm

wavelength 6.50x 10-12m

electron
mass mg

Fig. 8.1

The photon is deflected elastically by the electron of mass m,. The wavelength of the deflected
photon is 6.84x10712m.

(a) Calculate, for the incident photon,

(i) its momentum,

MOMENIUM = oo Ns [2]

(i) its energy.

ENEIOY T eoeeeiieiieeeeeeeeree e J [2]
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(b) The angle 8 through which the photon is deflected is given by the expression

h

mgC

AL = (1 -cosH)

where AA is the change in wavelength of the photon, h is the Planck constant and c is the
speed of light in free space.

(i) Calculate the angle 6.



(a) State what is meant by a photon.

(b) A beam of light is incident normally on a metal surface, as illustrated in Fig. 8.1.

/\ light beam
N

metal surface

area of cross-section

1.3x105m? \/_

Fig. 8.1

The beam of light has cross-sectional area 1.3x10™°m? and power 2.7 x 1073 W.
The light has wavelength 570 nm.

The light energy is absorbed by the metal and no light is reflected.

() Show that a photon of this light has an energy of 3.5x10719J.

[1]
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(i) Calculate, for a time of 1.0,

1. the number of photons incident on the surface,

2. the change in momentum of the photons.

change in momentum = ..., kgms™ [3]

(c) Use your answer in (b)(ii) to calculate the pressure that the light exerts on the metal surface.

PresSSUre = .o, Pa [2]



For a particular metal surface, it is observed that there is a minimum frequency of light below
which photoelectric emission does not occur. This observation provides evidence for a particulate
nature of electromagnetic radiation.

(a) State three further observations from photoelectric emission that provide evidence for a
particulate nature of electromagnetic radiation.

(b) Some data for the variation with frequency f of the maximum kinetic energy E,,,4 of electrons
emitted from a metal surface are shown in Fig.9.1.

0.6
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EMAX
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f/1014 Hz

Fig.9.1

(i) Explain why emitted electrons may have kinetic energy less than the maximum at any
particular frequency.
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(i) Use Fig.9.1 to determine

1. the threshold frequency,

threshold frequency =

2. the work function energy, in eV, of the metal surface.

work function energy =



Electrons, travelling at speed v in a vacuum, are incident on a very thin carbon film, as
illustrated in Fig. 7.1.

fluorescent
thin carbon screen
film
electron,
speed v
Fig.7.1

The emergent electrons are incident on a fluorescent screen.
A series of concentric rings is observed on the screen.

(a) Suggest why the observed rings provide evidence for the wave nature of particles.

(b) The initial speed of the electrons is increased. State and explain the effect, if any, on the
radii of the rings observed on the screen.
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(c) A proton and an electron are each accelerated from rest through the same potential
difference.
Determine the ratio

de Broglie wavelength of the proton
de Broglie wavelength of the electron
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1 Carboplatin is a drug used to treat cancer. The drug includes the transition element platinum. Its
formula is C.H, N, O,Pt.

6 12" 274

(@) () Define the term transition element. [1]

(ii) Predict how the melting point and density of platinum compare to the melting point and
density of calcium. [2]

(iii) The outer electrons in a platinum atom are in 5d and 6s orbitals, with the arrangement
5d%s’.
Predict the arrangement of the outer electrons in the Pt?* ion. [1]

(iv) Sketch two d orbitals with different shapes. [3]
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(b) Carboplatin is a complex. Its structure is shown below. The complex has no overall charge.

(i) Write down the molecular formulae of the two different types of ligand in carboplatin,
including their charge if appropriate. [2]

(i) Deduce the charge on the platinum ion in carboplatin. Explain your deduction. 2]

(iii) Define the term ligand. [1]

(iv) For each ligand in part (iii), state whether it is monodentate, bidentate or polydentate. 2]

(v) Give the co-ordination number of platinum in carboplatin. 1]
(vi) Describe the shape of the carboplatin complex ion with respect to platinum. 1]

WISDOM ACADEMY
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(c) Another cancer drug is cisplatin, Pt(NH,),CL,.

(i) Draw and name the structures of cisplatin and transplatin. [2]

(ii) Describe one difference and one similarity between cisplatin and carboplatin. 2]

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo sesEssRERERERS

L R N NN

(d) In the body, cisplatin forms cis-[PtCI(NH,),(H,O)]". In cancer cells, the water ligand is displaced
by bases in DNA.

(i) Predict the structure of cis-[PtCI(NH,),(H,0)]". ]

(ii) Explain why the charge of cis-[PtCI(NH,),(H,0)]" is +1. [1]

--------------------------------------------------------------------------------------------------
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(iii) Write an equilibrium expression for the formation of cis-[PtCI(NH,),(H,O)]* as a result of

ligand exchange. (1]
(iv) Define the term stability constant. (1]
(v) Deduce an expression for the stability constant of the ligand substitution in (iii). [1]

WISDOM ACADEMY
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Which pair of organelles are surrounded by a
double membrane?

A centriole and ribosome

B chloroplast and nucleus

C Golgi body and mitochondrion

D lysosome and rough endoplasmic reticulum
[1]

Which of the following organelles does not
contain DNA?

A chloroplast
B mitochondrion
C nucleus
D

ribosome [1]

Where is the Casparian strip located in a plant?

A endodermis in roots

B epidermis in leaves

C xylem in stems

D phloem in leaves [1]

The graph shows the rate of transpiration of
Tradescantia zebrina in still air and in moving air.

A Bl >

/" in moving air
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in still air
C

T 1
0 10 20
Mean diameter of stomata/pym

Which letter indicates the mean stomatal
diameter that is not limiting the rate of
transpiration? [1]

5

The drawing shows an animal cell.

10 um

What is the diameter of the nucleolus?

A 0.45nm

B 4.5pm

C 13pm

D 1.3mm [1]
The following are structures found in cells.
1 Golgi body

2 lysosomes

3 nucleus

4 rough endoplasmic reticulum

5 smooth endoplasmic reticulum

Which structures are involved in the production

of proteins in cells?
Al,3and4; B 1, 3 and 5;

C 2 and 4; D2,4and 5 [1]

Which describes a codon?

A a part of DNA or mRNA which codes for a
specific amino acid

B a part of DNA which codes for a particular
polypeptide

C a part of mRNA that codes for three amino
acids

D a part of a tRNA molecule that binds
to mRNA [1]
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8  plasmodesmata connect adjoining plant cells. 11  The table shows the water potentials of four plant

What is the function of plasmodesmata? tissues.

A allow substances to move between cells Tissue | Water potential/MPa
without crossing membranes A —0.01
hold the cell walls of adjoining cells together B -1.07
allow substances to move through cell surface c -2.60
membranes D -3.67

D allow the formation of cell walls during cell

o i Which tissue will show very little change in mass
aen (1] when immersed in distilled water? [1]
9 Cells can have 70S and 80S ribosomes and .
: . 12 The graph shows the effect of an environmental
circular and linear forms of DNA. !
factor on the rate of transpiration.
Which letter in the table below represents a

prokaryote? \.
5| |
70S 80S circular | linear =l \
DNA DNA gl \
C \
g A"\
A v v v v o N
2
& "
B v v v NG
~_
C v v Unknown independent -
variable
D v v
Which is the independent variable?
(1] A humidity

B light intensity
10 A student investigated the rate of transpiration.

The mass of water lost over 24 hours was 620g. C temperature

The total surface area of the leaves was estimated D wind speed 1]
2
as 16mr’, 13 Companion cells in phloem tissue have carrier
Which shows the rate of transpiration? molecules that act as co-transporters.
A 0.8gm2h! Which describes the action of this co-transporter
mechanism?
B l.6gm—h-!
A moving glucose into the companion cell
C 26gm*h!
B moving hydrogen out of the companion cell
D 39gm*h! [1]

C moving sodium out of the companion cell

D moving sucrose into the companion cell  [1]
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14 During transcription nucleotides are assembled 16 A DNA molecule is replicated to form two
along the template strand of DNA to form mRNA. molecules of DNA. Which statement about the
polynucleotides of the newly replicated DNA

In a DNA molecule, the triplet CAG on the )
molecule is correct?

template strand codes for the amino acid valine.
A both polynucleotides are made of newly

What is the base sequence of the anticodon on : i
polymerised nucleotides

the tRNA to which valine becomes attached?
B both polynucleotides contain bases from the

A CAG ..
original molecule
B CUG C one polynucleotide is new and the other was
C GIC part of the original molecule
D GUC [1] D the base pairs are conserved and have new
sugar-phosphate backbones 1
15 The DNA codons for glutamic acid are GAA and Ear-paosp [1]
GAG. Two DNA codons for valine are GTG and 17 The proportion of guanine in a sample of DNA is
GTA. In sickle cell anaemia, valine is present in the 22%. What proportion of the bases are adenine?
sixth position in B-globin instead of glutamic acid. A 229%
Assuming that a single base pair substitution has B 28%
occurred, what is the mRNA codon for the amino Coda%
acid in the sixth position of B-globin in people
with sickle cell anaemia? D 56% [1]
CuUC
B CUT
C GUG
D GUU (1]
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1 The town council are thinking of fitting an electronic security system inside head
office. They have been told by manufacturers that the lifetime, X years, of the
system they have in mind has the p.d.f.

_ 3x(20 - x) i o
flx) = =000 for 0 < x < 20,
and f(x)=0 otherwise

Show that the manufacturers’ statement is consistent with f(x) being a
probability density function.
(ii) Find the probability that:
it fails in the first year

it lasts 10 years but then fails in the next year.



2 The continuous random variable Y has p.d.f. f(y) defined by
f(y) =12y*(1-y) for0<y<1

={) otherwise.

(i) Find E(Y).
(ii) Find Var(Y).

(iii) Show that, to 2 decimal places, the median value of Yis 0.61.



3 The continuous random variable X represents the amount of sunshine in hours
between noon and 4 pm at a skiing resort in the high season. The probability
density function, f(x), of X is modelled by

kx? for0<x<4
flx) =

0 otherwise.

Find the value of k.
(ii) Find the probability that on a particular day in the high season there is more
than two hours of sunshine between noon and 4 pm.



4 The continuous random variable X has p.d.f. f(x) where

f(x) =4x(1-x%) for0sx<1

=0 otherwise.

Find
(i) the mode
(ii) the median.

5 The continuous random variable X has p.d.f. f(x) where

f(x) =$

=(0 otherwise.

x for0sx<4

Find
i) E(X)
(ii) Var(X)

(iii) the median value of X.



k3+x) foro<x<?2

The function f(x) = { :
0 otherwise.
is the probability density function of the random variable X.

(i) Show that k= é
(ii) Find the mean and variance of X.

(iii) Find the probability that a randomly selected value of X lies between
1 and 2.
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1 A stone is thrown upwards out of a window, and the rate of change of its

height (h metres) is given by j—]: =15 — 10t where tis the time (in seconds).
When t=0, h=20.

(i) Show that the solution of the differential equation, under the given
conditions, is h =20 + 15t — 5¢°.
(ii) For what value of tdoes h=0? (Assume ¢t = 0.)

A curve is such that g—z = 4 — x and the point P(2, 9) lies on the curve. The
normal to the curve at P meets the curve again at Q. Find

(i) the equation of the curve,

(ii) the equation of the normal to the curve at P,
(iii) the co-ordinates of Q.



.......................................................................................................................................................................
.......................................................................................................................................................................
.......................................................................................................................................................................

.......................................................................................................................................................................

3  Evaluate each of the followings :

2 (x2+3x+4 gt ] ri
JO.S( 4 ) dx J_wx3 e 0vx -

X

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
.......................................................................................................................................................................
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
.......................................................................................................................................................................
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------



4 The diagram shows the curve y = x* — 6x? + 9x for x = 0. The curve has a
maximum point at A and a minimum point on the x axis at B. The normal to
the curve at C(2, 2) meets the normal to the curve at B at the point D.

YA
A
(i) Find the co-ordinates of A and B.
(i) Find the equation of the normal to the curve at C.
(iii) Find the area of the shaded region. |
C D
y=x3—6x2 + 9x
0 B g




dy 6
The equation of a curve is such that == = . Given that the curve passes
e dx  3x-2 8

through the point P(2, 9), find

(i) the equation of the normal to the curve at P

(ii) the equation of the curve.

.......................................................................................................................................................................
.......................................................................................................................................................................
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
.......................................................................................................................................................................
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
.......................................................................................................................................................................
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------



6 The graph shows the curve y= x> — 4. The region R is formed by the line
y= 12, the x axis, the y axis and the curve y = x? — 4 for positive values of x.

(i) Copy the sketch graph and shade the region R.

The inside of a vase is formed by rotating the region R through 360° about the
y axis. Each unit of x and y represents 2 cm.

(ii) Write down an expression for the volume of revolution of the region R
about the y axis.
(iii) Find the capacity of the vase in litres. »

(iv) Show that when the vase is filled to 7 of its internal height it is
three-quarters full.
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