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What is the next number in the sequence? 1, 32, 243, 1024, 3125
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2. What is the effective spring constant of the combination of springs shown in the
diagram, if each spring has spring constant k7
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3. Evaluate 300, (2 - % +2"). 2]
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4. Five different ions are accelerated from rest by the same potential difference.
Which will have the smallest final velocity?
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5. Gravity on the Moon satisfies

l

,(/\/mw — (_(//.u th-
)

A ball dropped on Earth from a height h takes a time f to reach the ground. From
which height should it be dropped on the Moon so that it takes the same time ¢ to
reach the surface? You can neglect all effects of air resistance.
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6. Two unbiased dice are rolled and the numbers obtained are added. If the proba-

)

bility of getting the sum S is P(5), which of the following statements are true?
l. P(10)+ P(11) = P(6)
2. P(6) > P(8)
3. P(2)+ P(3)+ P(4) > P(T)
4. P(7) %P{_-l}

5. P(11) = P(3)

A B[ c Db [®E

1,24 | 3,45 || 234 |[ 1,35 || 1,45
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et =% Mee ¢ & L DIE &
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11645 o 5t 2 s
-+
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B
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P+ P =20 22 2 - ) TRUE
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7. A light ray follows a path through three media separated by plane boundaries as
shown in the diagram, with refractive indices ny, no and nj.

@ | P 92

/ LeF)EcTioN

Which of the fli[]:)\\'illg sequences puts the refractive indices in order of increasing
>

value?
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8. If f(z) = z° and ¢g(z) = = + 3. find :;‘,‘ where y = f(g(x)) — g(f(x)).
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9. What is the current at the point P in the
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10. Which of these represents a simpler form for cos (sin™! (x))?

®
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11. Consider the following five graphs.

1. Force (y-axis) against distance (r-axis)

2. Force (y-axis) against time (z-axis)

3. Velocity (y-axis) against time (z-axis)

I. Mass (y-axis) against velocity squared (r-axis)
5. Voltage (y-axis) against charge (x-axis)

For which graphs could the area under the graph potentially be a measurement of

. ,‘}
energy’

1,4,5 || 1,5 || 1,4 |[ 1,3,4 || All of them.

77/// A%A:x-é

—) Nope Precisely
A MEAS | yax

| Fs =WORKL=ENEQGY

9 Ft=\WULSE 7 £NER 6

5.yt = DRLACERENT fE,NEL@\j
b, mv= HOMENTON 7 ENERGY

b, &V =OTENTAL ELECTRIGAL EPERGY
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12. Which of the following integrals are equal to zero (you do not need to evaluate
the integrals explicitly)?

1. [T sin(3z) dz

9 (V7 1.5 1.3, 1 . 3.
2. |7 52 =1 sr2 da

ol
3. L'HEJWLF
) ¢
4, .f_'q%.r] : %.:‘3 dx
5. (%0 gin (52) — Lsing dr
5. | o0 Sin (5x) — 5 sinx da

ABCc](D)[E
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13. A toilet roll is made up of an inner cardboard tube, diameter x cm, with toilet
paper wrapped around it to give an overall diameter of y ecm. The length of the card-
board tube is z em. Suppose the diameter of the inner tube is reduced from x cm to
(x — 1) cm, but the volume of toilet paper is kept the same. What is the difference in

the total volume of the roll?
=P
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14. A machine requires 10kW of electrical power when operating at 100V.

(a) If power is delivered through a cable with resistance 100€2, how much power is

: : . 9

lost to the cable’s resistance? =
(b) In order to reduce power loss, a transformer is used between the cable and the
machine. What ratio of turns is required on the transformer in order to reduce

-)‘

power loss on the cable l)\ a factor of 10%? (2]
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15. The observed brightuess of a Sun-like star shows periodic dips. The time period

between these dips T = 225 days.

(a) If these dips are interpreted as being due to the transits of a planet in a cireular
orbit around the star, estimate the radins 2 of that orbit.

You may assume that the star has the same mass as the Sun and that the planet's
mass is much smaller than the mass of the star. You can take the mean radius of

the Earth’s orbit around the Sun to be approximately fp = 1.5 x 10" . o
(h) A model of a transit and its effieet on the star’s brightness is shown in the figure
below. Assuming that we observe the systent in the plane of the planet’s orbit.
draw the relative positions of the planet and the star at the times £, to f; and
calculate the radii of the planet. Rp and the star. Rg.
N
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16. A wvehicle travels in a fixed direction at a velocity v(t) that varies with time as
follows:
H AT "and vo are _
Find A, B and C | both tl |
! wied # tn
[ ! h the velocity 1 eler: f
I 1 total di elled 1
3 t ety alt)s 24t
alb) = Do byckek,  alt)=-2b(k-t,)
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17. In Einstein's theory of gravity. light passing a star of mass M, at a distance R
from the centre of the star, is bent by an angle # (measured in radians, 27 radians
= 360°) as shown in the diagram

(a) Assume that 8 ‘lt‘[n']ui\ on the gravitational constant G and also |1(‘]n‘[141> on the D‘
mass of the star M, the distance R and the speed of light ¢ =3 x 108 ms™!, as ~_¢7 ME;N S IOPFL
0= ANGM*R’¢

where A is an undetermined dimensionless constant A NP Ly 5‘ 5

By considering the dimensions of these quantities determine «, 3 and 7 1
(b) In SI units the numerical value of G is 6.67 x 107!

Neglecting any spatial extent to the star, and taking A = 1 and M = 2 x 10% kg,
determine the distance R such that light is bent so much that it falls directly into

the star. 9

Ck\ WHAT APE THE Onite OF G1

F:Eﬂ‘l\s‘ [FJ"N: Lg

B-2GM RF T
(61 by WP () =4 57 2w

w

O 15 Utess, so  a-i=0 =7 o=
-Qc-'K':O =7 25':-)_,
Ytp-170 = p=-!
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b) . 200

|IF LIGHT FALLS DiREALY onTo THE STAR,

CAGA L 6.6Fg " 21077

p\' Dt 1;\ (3.408)"— = 3'-\’3&»«
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18. Find the area of the dark regions of this figure in terms of the overall radius of
the outer circle {'(](‘ll\)h'(] R).

VOTice THe RIGHT —ANGLE TMANGLE.
& OVTHACORA'S THEOREM:

=l e, Q{*‘") (E)

-%— t At P\I'?.Qr e P_\;
Ae=R™ 2 r- &

SHADED AREA= TR 2. (B 9. me?

5 (X
:“Ds- “I - lﬂ'—g

TR
1%
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19. Sand is poured at a constant rate onto a flat horizontal surface. It forms a pile in
the \ll:I[H' of a cone with a constant >l-n1n‘

(a) If r is the radius of the base of the cone, find how r varies with ¢. given that
r(0) = 0.

(b) If it takes a time t; for » to reach r;. how long does it take for the radius to reach
2ry (in terms of #y)?

SLOPE = h.

Since THE suole IS CONSTANT |

Nse
h.- pUN T + =) 9/\ QL\I‘
A |
V=31 ZD\=%“TL'LF”%HL|}
gV

CousTT RAIE OF PoupRG =09 = IO
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BINOMIAL ExppanslOY

20. Expand (a + bx)°, where ¢ is a positive integer, as a polynomial in z up to and
. . . . )
including terms involving x~.

If the coefficient of the 2" term is equal to T!ﬂ' bh = ll and the coefficient of the z?2

term is =5, find a and c.

3

ReMpdEN = (""‘“) =

nl
W (h-w\'.

favhx) = (5) 0+ (§) o by (‘;\:”‘.(bxﬁz...

c c
(o = plel = Cautloy  O!l={

c\_ el c e
() Tew™ e ¢

(‘-3“ c! cle-1)-62) cle-t)
2) 2T Taenr Tz

LET'S Plyb THESE BACKE (N

c(eN= 2160
Lo caw ony  BE capnceLsd 3
C-A=b=7c=k

A
=2
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21. A pinhole camera consists of a box with a small aperture (of diameter x). A point
light source P is at a distance u from the aperture outside the box. It projects an image
on the screen, which is inside the box at a distance D from the aperture.

*

>
pi
SCREEN
v
N

(a) If diffraction is ignored, what is the diameter s; of the spot projected on the
screen”?

o

DRAW THE LIOHT MRS App Ust TNANGLE SIM|LARITY.
ScpEEN

APEM‘URV/
P /Tx S
i

v
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(b) If D > =, diffraction of light of wavelength A by the aperture produces a distri-
bution of intensity that varies with angle # (measured in radians from the z axis
marked on the diagram; 27 radians = 360 degrees) approximately as shown below:

— M\ / \ N\~
- A - > 9 radians

Buww = POITON pF FIRST pHIN

What is the approximate diameter, so, of the central peak of the diffraction pattern
]l['lllif'i'tl'(i on the screen?

THIS 15 S|NGLE-SLIT  DIFRRACTION

INMMUM
cowdmon FOR HIHIMUM CAUTION

Do por copFusE WITH THE cowDiTOpN
X wa B = >\ Fol HAX IN DoubLE-sLIT DIFFARCTION

S, /L

P\‘\ S, tp'Ae:T
/

S MALL-ANGLE APHOXINATION - D~ ‘Cm@ﬁ wnb

5.,
< wm@=% 3p = A

N

=y 5, ™X
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(¢) Assume that the effects in part (a) and (b) can be combined to give a total
diameter s3, where

2 2 2
83 = 8] + s5.

Find the pinhole size that produces the sharpest image of the light source on the
screen. 14

2

a (U.‘.D 1+ ll-)\?.Di
=X \Tu x*

—2 Tof. A SHARP IMAGE | HAKIMZE s,
DIFFEREITATE 5, WsTead OF s, To SINpLIFY THe ALCGEBRA

2L

D pX
0= g (7)) - %0
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22.
(a) Sketch the functions f(z) = x® + 2x — 7 and g(x) f on the same graph. 2]

(b) Determine the coordinates of the points of intersection of the two curves and label
their exact values. You are not required to determine coordinates of intersections
with z or y axes. 4]

(¢) Evaluate the finite area enclosed between the two curves. 4]

You are expected to show clear working for all parts.

{_(x) = PhpAddLIC coz.[x) = RecippocaL

)

_/

b) Llx)=4(x)

2
x2+2x- 4= X
x3+21%-%-21= O —5NEEds TO BE FrciolzeD

Do TRAL &EpRIQ

B 2x*-gx+x-2=0
X4 A% =D A TILL YOU Ger IT

X3'1x2+ bx*-3x+x-L=0
x2(x-2) + bx(x-2)+ 1 (x-2)=0
(1+bx+A) (x-2)=O

) X Hx+4=0 L) X-2=0
X:ﬂa_‘.;-lt :—21{5‘ X:Q\
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EASIER TO PG X T &Lx) 0 PR
x=L y=402 1)< %2 =1 = (2,1)

X =95-2 a: é‘T - NgEDS 10 B6 pATIONN LizED

2 2 2BE

!6» Sé_j\ Js+2 ° -4
—.:.7 (Slb‘l\~2-3_b —L\'\)

-S%{-L -'9_576-\-1-\'
K:‘S—fh-l‘ \6 —-\Vb' -@4-1* -4 " lj\’é)—ai-r

-:7 ("5’5’1)2\6 - Lf)

C) | LL
. A /
$-2 \3-2
AAEA = g@-l JUK) D\X—g&,_,)_ &Kx} o\&
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32
AREA® 2,034 4
X <L % A X

_P-1

. Iiﬁxa’fx’“}ﬁ‘w"‘lﬁdl
P2
USE mh\qj’o?k’gcf\w3a\)1*bl
£ AN ((S’b )~ [-3- 133)
_-_a( 3% 8+1205- 8 - (-3 5518~ 11-8) ) = 105
2" Tept - $-2)" (- B-2)’
= 3-hJpal— (34 B 4k)= 883
A TERK: F BB~ (-18-1r)= 52
Vs Ima- b= 3
G T = 2 @2 - 2k (-¥-2) = 2 b i‘ala.

BN o G =B RTIES)

Apek= 1033 - 335 (5 -l b (33-2)
= =120 - b W (§2-2)
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23. The potential energy for a system of two atoms separated by a distance = is U(x)
(shown below).
Sketch — 4. 2]
What does this new curve represent physically and what does the point xq repre-
sent? 2]

U(x)

A |V

+ aY
I 15 THE SLose OF U

XLXo 2LOPE NE6ATIVE
X=X, SuPe 2to

K>*Xo SLOPE Po2TWE

Ko  SLRE— O

WoRk = W=y F dx

WHEN You Do Woke YU 205t Youp. POTENTIAL Ewedsy
THEREFORE AU = -\

Xp 5 THE PosiTIOM oF gpepby NikviNuM
= EQUILIBMUN PosiTioN wWhepe F=0
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24. If f(z) is HOL\%DNTfi L SI"NFT

fe MeMBER : 1T 15 COUNTERIFTU \TIVE

I PositNE SWFT 15 TO THE LEFT

I P > X NEG SHIPT |5 TO THE Q)LHT
and g(x) is
+a
? 2Ja %
N ' 2
"
1, /

then sketch f(x —ct) + g(x +ct) for t = a/2¢, 3a/4c and a/c. Each sketch should
be done separately with its own set of axes. 6]

i Pl 2)glcr2)

L Lo
l(x—i) \q
s 3 s %
A ' .
3 .o o a
__f 1\ [ 3 2 2
o X+ 2 ~o +
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