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QUESTION ONE: LENSES

Data projectors in classrooms use a concave lens as part of their
projection system.

One such projector has an object which is 15 cm from a concave
lens with focal length 10 cm.

(a) Draw and label the image in the diagram below.

Diagram is
NOT to scale

products/projectors-screens/data-
projectors/epson-eb-w06-data-
projector

If you \
need to
redraw your
response,
use the
diagram on
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(b) (i) Calculate the magnification of the image.
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(ii)  Fully describe the nature of the image formed.
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(c)

In another projector, a convex lens is used, and a real image twice as big as the object is formed.

Complete a ray diagram on the grid below to show how the real image that is twice as big as the

object is formed.

You must show any calculations you used to decide where to place the object.

Make the object 6 squares tall:
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need to
redraw your
response,
use the
diagram on
page 11.
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(d) An ultra-short-throw projector shortens the projection distance, and still produces high-quality
images by using a concave mirror that reflects the light and focuses on the screen.

(i) Complete the ray diagram below to find and draw the image.

o
'
|
|
|
1
'

4/1? object lmqs e

}f you need to redraw
your response, use the
_diagram on page 12.

(i) Describe the nature of the image formed by the concave mirror.
The imnage formed te vpright, 2nlacged anol
wrteald.
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QUESTION TWO: REFRACTION

A double-glazed window has two glass panes with a refractive index of
1.5, separated by an air gap. Matiu notices that a red laser shone through
the window does not travel straight through.

(a)  On the diagram below, show the path of the ray of light as it crosSes
from one glass pane to the air.

Source: https://hestiadc.

" com/windows-101-
window-frame-materials-
and-glass-options/

glass  air

If you need
" to redraw your

response, use
the diagram on
page 12.

(b) Explain what a refractive index of 1.5 means, in terms of the speed of light in the glass.
The giewss m.gqrepr*o\cﬁ ve index of L. so
ight travels 3 as footr N gless tnan in
air, So will +ravel o4 2402wy, n=

R Y,
Gloss i mone ophcallydense thown air
60 \rhew alhd g e v frowetiue indan ool
8o l\cbw\—l«— o\ glowes ing&mg Hon enr.
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(¢) Red laser with wavelength 6.50 x 107 m enters a different window at an incident angle of 30°.

The wavelength of the red light in the glass is 4.64 x 10”7 m.

Calculate the angle of refraction as the red laser passes from air (n = 1.0) into the glass.

Lo o Is o mEn
ﬂ'l- )\ __‘ = ~F
: ] L.l \O

n\ = \vlﬁo

NN, = N SINO,
| 8in20® =L.4 8in®,
SnNb, = O.357F

&, - 90.an°

a1
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(d) Matiu notices that if he keeps increasing the angle, the ray of light bounces off the inner surface
of the glass, as shown in the diagram below, and none enters the air.

Source: https://en.m.wikipedia.org/
wiki/File:;TIR_in_PMMA jpg

(i)  Name the phenomenon that is occurring.
total intemal yeflecion

(ii) Describe the conditions needed for this phenomenon to occur.

Calculations are not needed.
for Atol internad veflechonto occur,
\\'SV\T MUt N4 OLbOW\C&C’J\J Lt ec(ess
op Neally dense. meclitm, and tr must
hi+®H the boundany ot an anple geeser
of incidence grecder 1o the el hiced
OU’I@(Q) N hAcin Ve the angle of (nadence
thedt vesults i ewn angle of refrachsn
of A0°. (£ thia hoq:pehs ther no light
Wil Yoe rp.?mum out af the meduium,
and el of the gt Loill be reflecteal
inacde i+
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QUESTION THREE: WAVES

Wireless internet connections (Wi-Fi) work by sending information as electromagnetic waves through

the air.

~ Source: https:/www.linkedin.com/pulse/how-choose-right-ai-ml-use-cases-
obtain-benefits-approach-dharra

(a) What type of wave is an electromagnetic wave?
a .—}mnave.r&z. wikge, ¢ 0o

(b) Wi-Fi interference can be an issue in a populated school envxronment This occurs when two
or more Wi-Fi access points are using the same channel or frequency, causing interference and

reducing the reliability of the Wi-Fi. -

Explain how having two Wi-Fi access points emitting waves of the same frequency can cause

both spots of strong Wi-Fi sxgnal and spots of weak Wi-Fi signal.

Whnen o Wi-FT acc exs eoinds ave kahv\q

The couve ﬁaquel\ﬁ-j, the roowens all gpreack

ok wﬁ C\a}‘ex&bs? Wit each other. Stwvezpgers
Each wwmon‘ Neact '\‘D-HnyeA a clifferendt

distouna o yeaoh o locaton, Whowm poavey

from both Wi-Fi acceys poinds arrive (nphoye,

and their pedin ciference | the oliference «n |

distance raveleat, 16, o produed efed wrole.

,wavelenﬁ th, then Hre Locwes will construchiely

Ing gz, ond K onmpltudas add togetie- Ao Ciade «

Physics 91170, 2025

01661

5 0 28 1 AL
.“-,Dt"'ﬂ:‘.w

SRR RN, L T T
b e r St i
IR RN A X

v
S

TR TR
"'9"""\ _g( "
a3 o e S

AT S R
et ek

o ey o S e
_\‘:)\ B A B

T
5 ¥ - b
X i“\.’{»“ S '\'\

e

.‘f;xt\béo\“
SR AR

AL L
AU N

. % L %\ By .
R '\ e ve P '}:‘ st

MR TR T G Ry -,
SRR NRIIRA

£ E A S S
LSRR



e AT TR
B2 bt D e

S
94 L

D

i‘;\"\ -

ho |

S adats
e

BENT A

AT L R

LB

PR
Nk

Pl

e, S NN
@ S \'&l\'"\-\.“

i \.}Q"”,, N

\.
fr
l\‘.‘ %

A *‘. ‘r‘ Y“’T\.\f"
oy wieh 'y

v oe

o heant

3 P et
TR S
R g TN

RO

‘.' Ib“ ) 8 '\"-\'-“ .
‘» \‘,‘\* :'\f\;{h!\- o .\-;

v
X

o -

==X

RN AN LY
\'}"\‘}‘.\t“f\*‘. :

X .q“,."‘:, TR
<\<‘}‘~e\¢ :\}'\2\'

h

-

seree

R RG

RPN

S IR AR R
D e

-

SoXew

\’\'» %

VR N RN
R
AR o o o Y

B U

e,
v,

L1

'm%eﬂ'gr\aﬂ When the tauwes arnwe 180 ocdtef
ome.m podth slifference = (n~3YA, Hen Heeg o i

m'cerﬁare and el et cr VL a
weou:, a‘% - ThAaS o Hhge turll Y
boti SPOtS oF ? and Leak cure .
Internet satellites orbit the Earth at a height of 550 km. The wavelength of the radio wave is
0025 m.

Source: htps/esearchoutreachorg/anticles stelite-intemet-technology double-cdged-sword/
Howmanyradxowavesmchttharﬂmehours? : _ : :
v= &PL\Q M&’,‘ )\ 0. OQ.SM e
”3 Vl()s. =0 DQ—S wF
- f= 180 W ;
L9 ?,SZOO&,_ - .04 »i0®

e e mﬁﬁ«a W\Mu\q
QA rouy @MMpenoo\

Question Three continues on
~ the following page.
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(d) When Wi-Fi signals pass through walls, they slow down. The boundary between wall and air can
be modelled by ropes of different densities joined together. : :

The diagram below models-two pulses from two Wi-Fi points travelling towards each other. The
speed in air is 2 squares per second, and the speed in the wall is 1 square per second.

Air: light rope "Wall: heavy rope
v =2 squares s”' v= | square s'
> «

it

(i) Describe how the frequency of the Wi-Fi signal changes as it moves from air to wall.
hen ne Wi-Fisignad wmoves Aowa eur A0
wall (4 slows down , buk H\QW\VQMCL}
sfays £he same as the SO N oef e
wavaex\gms PORS In. O Secondl.

(i) Assuming any pulse is half the height of the original after it transmits and reflects with the
boundary, draw the result of the two pulses’ interactions after 3 seconds.

LT

e

afyer & seconda

If you need to redraw your response,
use the diagram on page 13.
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Subject:

Standard:

Total score: 24

Excellence

L2 Physics
91170

Q JEls Marker commentary
score
All parts correct and both steps in the calculation for (b) using
One E8 f=-10 cm. Both ray diagrams well drawn with arrows on rays, as
well as the calculation in (c), and all image properties stated and
correct in (d).
Apart from using optical density instead of refractive index in (d)
Two ES (they are not the same) everything else, including calculations and
a thorough understanding of what a refractive index of 1.5 means
for the speed of light in glass, was well done.
Answered completely: transverse wave in (a), fully discusses
interference in (b) and links signal strength to path difference.
Three E8 Correct frequency and number of waves calculated in (c). States

that frequency remains unchanged in (d) and drew the correct
pulse diagram after 3 seconds.




