Interview questions

Topic 1: Complex numbers
1. Cam Robinson (2015)
Why e =cos +isin

2. Cam Magdalene (2019)

Explain complex number

Topic 2: Differentiation
3. Cam Fitzwilliam (2015)
Differentiate y = x*

Differentiate y = x(" ) using different method from what you used for the previous.

Solution: Iny=xInx , differentiate both sides, ly':lnx+1 ,SO ,
Y

y'=x"(Inx+1)

Iny=x"(Inx)*, differentiate both sides, we have ,

%y‘z x*(Inx+1)(Inx)* +2x ' Inx, then, y'=[x*(Inx+1)(Inx)*+2x"" nx]x™*

4. Ox St. Hugh's (2014)
a. =2 + 1 Find its derivative

b. Solve the differential equation: —=—2 , y(0)=0

5. Ox unknow (2014)

2+1 . .
= == Express x in terms of u. Find — and —

Solution:

u=1+

Ox—— X x =,
-1’ dx (x> —1)? (x> —1)?

Next ,solve for x, x=



1
dx _ | =Dyu=17 +20u-1)’

du 3 1
(=D —1)* +2w—-1)

x<0

6. Ox Somerville (2015)
Solve ODE: y” — 4y’ + 4y = %t

7. Ox Herford (2015)

— 2Zsin

8. Oxford (2015)
— 34 2

X-intercept.

Solution:

x>0

. Find the equation of the tangent to the curve at the

y=x*(x+1), so the x-intercepts are (0,0), (-1,0).

Since y'=3x’+2x, »'(0)=0,y'(-1)=1, so the equation to the curve at (0,0)

1s y=0, at(-1,0) is y=x+1.

9. Cam Sidney Sussex (2016)

1

1
1
1
1+

There are n lines in total. Differentiate it.

1+
1+

10. Cam Peterhouse (2016)

, . 1
f(x) = xcsin—, X #0

what is the value of f(0)?

0, x=0
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Solution:

hzsinl—O

/'(0)=lim
=0

11. Cam Peterhouse (2017)
Differentiate In  using first principle

Solution:

£1(x) = lim In(x+Ah)—Inx

h—0

lnx+h

12. Ox Keble (2017)
1
1+ 2

Differentiate

13. Ox St. Peters (2017)
1
— 2sin=

14. Ox Brasenose (2017)

Find the derivative of =sin™ (also written as arcsin )

Why use cos =+V1-—sin2 not cos =—+V1-—sin?



Solution:

=sin™! is through (x,y), or x=siny

dsin’lx_ 1 11
X dsinx cosy \/1—)62
0 |y
X
Since for =sin"! , the range —%Syﬁ%, therefore, cosy=
0.

That” s why we use cos =+v1-—sin? not cos =—+V1—sin?

15. Ox Oriel (2019)

Find:
a. — ~ sin
b. — ~ cos
c. —| 7 sin |
Solution:
a. =—¢ 'sinx+e cosx
b. =—e“cosx—e*sinx
C.
—| 7 sin |=
= %(«/(ex sin x)? )

1

1
— . 2(e"sinx)-(—e “sinx+e " cosx)
2 /(e sinx)?

_ (esinx)-(—sinx + cosx)

|e " sinx]|



Topic 3: Functions (inequalities) and limits
1. Cam (2014)

XX+ 2+ 2— - — =0

2. Ox New (2014)
There has a new function ,( ).
Here is an example: if 40 = 23 5 ,then ,(40) =3

a. Whatis ,(12), »(—6), 2(9)?

b. Canyouwrite ,( 2)intheformof ,( )?

c. Isthereany rational rootsfor 2=2, 3=2, 2=3?

d. Assumeaand b are integers, is it possible for 2=2 221f ,( )< ,( ),whatis
2( + )?

e. Assume that a, b, ¢ are integers, is it possible that they satisfy the equation: 4 2 =
2+2 27

3. Ox University (2014)
a. Let ()= 1)+ L(), fi(X¥)and f,(X) are both convex function, is y(X) a convex
function? Prove that
b. Let h(x) = max {f;(x),f,(x)}, fi(xX)and f,(X) are both convex functions, is h(x) a
convex function? Prove that

4. Ox St. Catherine (2014)
[ 1 gives the smallest integer that is greater or equal to a;
for instance, [2] =2, [2.5] = 3. For H = [ﬁ , state whether it has a solution or not. If
yes, how many solutions?

5. Ox unknown (2014)
| have created a function: if 40 =5 x 23 then ,(40) = 3. How about 5, f2(-6) and

2(9)?

Can you write  »( 2) in the form of ,( ). Are there any rational roots for 2 =2,
3=2 2=37

Assume a and b are integers, is it possible for 2 =2 221f ,( )< ,( ), whatis
2 + )2

Assume a, b and c are integers, is it possible for 4 2= 2+2 2

6. Ox Trinity (2015)
2a%> — b? =1 (a, b are integers)
Find the solutions.

7. Ox St. Cats (2015)



Here has a process of solving an equation:

-2 :\/_
( —22=
-5 +4 =0
(-DC-4H=0
=1 4

Is this process valid?

How about its reverse?

8. Ox Queens (2015)
Find all sets A (A is a subset of Z) where satisfied the property:
For , ,then — (*)

a. What are the finite sets A

b. Prove {0}and are the only finite set satisfied ()

c. Isthere any infinity set A other than Z where satisfied (*)?

d. There are some , such that ={ | } satisfied (*), and what is the
relationship between a and b, where ?

e. Prove there are no other A satisfied (*)? [Hint: there is a real number c, where <
< ( +1) , prove that cannot be the element of A]

9. Ox(2015)
Solve X2 —4x+1< |4 +1]|

Answer: 0<x<8

4%+ 2 0. - § 4xt) =0
oT
4dt) < 411 yoa + <4
& -
‘\‘ 7(3"# s A% # Y ml gnlui;h\.s
7"__31<0_ )\’-}'240.
X 4 v Hhe sblu:hﬂ'\ I DcAcd
p¢ A<

10. Ox (2015)
2+3 +1< 2- Theinequality has at least one solution, what is the value of a.



Splubiont: (a—\)'XZT 4%+ 1 £0.
- asl Ve @AY P 61 <0
3z [f-Fw@D >0

£ or QK|

o{_‘:\ T a-—-5

s 025

Solution 2:

2,
ron l-;oaww“("““""' o X%0, X 5D

| 5
OL -T- g%'ﬁr EEE':E \ s ?c
i e 2 b0
7R 'Ji*'%ﬂ foc 57 Rt R
2 ko
<R 4RA, 74%{
s5

11. Cam Sidney Sussex (2016)
Solve the inequality 25 =5x5 +6 =0

12. Cam Christ's (2016)
Polynomial FTEZ%(A 1, 0, -1, [8) degree 4 2016 f3X#¥ polynomial FrE BIME A
BRI AZD?

13. Cam Peterhouse (2016)

m
Prove that Olf(x)dx = lim lf(m)

n-oo nzln n

What is lim (i+i+ +i)
n-oo

n+1 n+2 n+1

14. Ox Worcester (2016)
()=0 =1n
a. FC D)= ()+ ()
b. (10)=1
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c. ()=0ifnendsin3
Find F(17) and possible of F(500)?

15. Cam Pembroke (2017)
Solve sin  +1 < cos

16. Cam Pembroke (2017)
| —9l+| —3|+| —10/&/\VE, hint: ZEEH ] SAEEE

17. Cam Sussex (2017)
x=y?—3y+2 B yX)
X%y2—3 +2=0 f y()
25X —25x5"1+6>=0 K&

18. Ox Herford (2017)

a. Show %13 21+1+ 21+2+ + 21 <1
Show Itrpo%l+%2+ + 21 —0

b. Show lest_ﬂwf_ﬁﬁu +\/f_+5m
What is Iim) £1+ ‘/212+ +J‘/2—_+?

19. Ox Brasenose (2017)

Find the range of — +—+—
+ + +

20. Ox Oriel (2017)

a. WTP:1+ + 24+ + = 1—1_ +1
b WIP 1+ + 2+ + + =L
c. WTP:1— 2+ 4— 64 :ﬁ
d. WTParctan = _§+€5_77+

e. Find expressionfor +2 2+3 3+

f. Find expressionfor +4 2+9 3+16 4+

1.4 9 2
+ S+ 4+ —+
and 2 4 8 2

1,2,3
“+=+=+  +—

g. Hence,get2 213 >
2

h. Accordingto ( )'=  showthat =1+ ot



21.

22.

23.

24.

25.

26.

27.

28.

3 5

According to =cos + sin ,show that sin = —wtE and cos
2 4
2w

H 2 2 2
Hence show that >— = (1 -=)1- 4—2)(1 _F)

Ox Wadham (2017)

a. Showthat —+-=2

b. Find all x, y where in which —+-=

Ox Jesus (2018)
Function ofy = In (In(ln(x)))

Function of x? +ny? = 1.

Cam Churchill (2018)
Ebksechxsinx, esin ~¥I cos 2x sech xA /)y

Ox Lincoln (2018)
X2 —y? =1 SEx sy Hiieke, HHENRER intermsof x,y, z
H— B ARYE N SRR

Ox Lincoln (2018)

(1 +5)(5) BT (GEIET 0)

Ox St Annes (2019)
IniIn In (N4 In) whenitis negative , what’s the range of x

Ox St Annes (2019)
2_ 2-1
When x, y is whole number
a. Ifn=16, what is solution
b. when n=5, why no whole number solution

Ox Mansfield (2019)



1
2,0 <=
()={ ) 12, #plug in x, n YOEAUGE] period, W x A%/
- <

o<

29. Ox St. Hugh's (2019)

Solve v3— —+1+ >%

Topic 4: Graph Sketching
1. Cam (2014)

Sketch y3 = x?

2. Cam (2014)
Sketch the following functions:

a. | [+] =1

b. | —1+] +1|<1
c. | —-1—-| —-1=<1
d z=ra

e yY=x

3. Cam (2014)

Sketchy = )(22—:1

Solution: this is a rational function.

Steps:

1. asymptotes: The horizontal asymptote is lim 2211 =0, no vertical
X—>00 X

asymptotes.

2. The x-intercepts and y-intercepts: f(0)=0,let f(x)=0, x=0. so the
X-intercept and y-intercept are the same point: (0,0).
3. Sign chart: when x>0, f(x)>0; when x<0, f(x)<O0.
4. Intersection with asymptotes: let f(x)=0, x=0, so the graph

crosses the horizontal asymptote at (0,0). Since f(x) is an odd function,



its graph is symmetrical about the origin.

2(x* +1)-2x(2x) _ -2x*+2

- —0 x=11.
(X +1) x +1) *

5. Any stationary points: f'(x)=

so the stationary points are(-1,-1) and (1,1).

The graph is shown below:

(1,1)

(—1,-1)

4. Cam (2014)
Sketch the following functions:
a. y=x(x+1Dx-2)*
b. y2=x(x+1)(x—2)*
Solution:

a.For the first graph,it is a polynomial, and we could use the same method
as discussed previously.

Steps: @the graph crosses the x-intercepts (0,0),(-1,0), and touches
(2,0).

@When x —> 400, h(x) =+ ; When x — —o0, h(x) = +0

@Finally , find the stationary points: Let
H(x)=Q2x+1)(x=2)' +(x* +x)-4x-2) =(x-2)’(6x*+x-2)=0 ,80, x=2  oOr
x=0.5,-0.667, so (2,0), (-0.667,-11.237), (0.5,3.797) are stationary points.



|

_(0.5. 3.797) H
(—1,0) (2,0)

5 0 5
(0,0)

w (—0.667, —11.237)
b. y*=x(x+1)(x-2)*, the function is symmetrical about x-axis, and its

domain is x20 or x=<-1(by letting x(x+1)=0). The graph could be plotted

by taking square root of y-coordinate of each point on the graph of
y =x(x+1)(x—2)* while keeping the x-coordinate unchanged. Then reflect

the resulting graph in x-axis, as shown below.

5. Ox University (2014)
Draw an arbitrary convex function (), connect two arbitrary points with a line.

Find the equation of the line ().



From this, define a convex function

6. Ox Balliol (2014)

Sketch 2xsin—

7. Ox Brasenose (2014)

Draw graphs for cos , cos2 , cos(sin ) and e%s(5" ) Prove that the latter two have
the same maximal and minimal value.

8. Ox St. Hugh's (2014)

2
Drawy = e™*

9. Ox St. Catherine (2014)

sin

Sketch —

Are there any value of ~ for which > ( )forany ?

Are there any value of (> ) forwhich ()> forany ?

10. Ox St. Catherine (2014)

The followings are sketches of the derivative of (), sketch ( )for each case.
§

A AR A



11. Ox Somerville (2014)
Graph of '( ): (&8 2014)

/

12. Ox unknow (2014)
Sketch y = sin(Inx)
Sketch y = xsin(Inx)

v

A

o I

VAREEEEE




[N
i

13. Cam (2015)
x() =t—sin ,y(t) =1 —cos , Sketch y(x)

14. Cam Fitzwilliam (2015)

1

Sketchy =1 — T

1 x(x+2)
(A+x)°  (x+1)* "

Solution: after simplification: y=1-

Steps:

1. Asymptotes: the vertical asymptote is x=-1, and the horizontal

asymptote is =liml— =
ymp y=lm R

2. The x-intercepts, y-intercepts: the x-intercepts are(0,0),(-2,0), and
the y-intercept is(0,0,)

3.

x<-2 -2<x<-1 -1<x<0 x>0




4. Intersection with the horizontal asymptote: let f(x)=1, no
real solutions, so no intersections. The function is neither an odd
nor an even function(actually , it’s symmetrical about line x=-1).

5. Any stationary points: let f’(x)=0, no real solutions. So
there’re no any stationary points.

The graph is shown below:

i (_2.0) m 0) 5 T

15. Ox St. Cats (2015)

1
Sketch sm(—2—2)

16. Ox Herford (2015)
Sketch z and iz

1

Sketch =%

Solution:

y==
x




The third function y:; IS a rational function that can be
(1-x)1+x)

solved using the basic steps discussed previously.

Steps:

1. Asymptotes: the vertical asymptotes are x=1 and -1, horizontal
asymptote is y=0.

2. X-intercepts, y-intercepts: no x-intercepts; y-intercept is (0,1).

3. Sign chart:

x<-1 -1<x<1 1<x




4. Intersection with horizontal asymptote: f(x)=0, no real solutions, so
no intersection with horizontal asymptote. Since f(-x)=f(x), an even
function, so the graph is symmetrical about y axis.

The graph is shown below:

17. Ox (2015)

Ploty = 2x2 +%

18. Cam (2016)

A parametric equation satisfying:

a. x()= -
b. ()=1-
Sketch  y( )

19. Cam Churchill (2016)
a. Sketch the graph y = sinx

b. Sketch the graph y = sind

c. Sketchthe graph y = x2sin=

20. Ox Oriel (2016)



x4
Sketchy = xe %

4,4
Sketch y = m?xe™ 2 , with different values of m

21. Ox St. Peters (2016)
Draw L
Try to slove aP =b? ifa < b, ae(1,e)
22. Ox Worcester (2016)
a. Sketchy=1In
In
b. Sketchy = -
c. Sketch || |—2]

+1
d. For what values does || 1=2| takes the smallest value

23. Cam Pembroke (2017)
a. Sketchy = (4x* — 13x% +3)e ™

b. Sketch Im(Z*) >0

24. Cam Sidney Sussex (2017)

a. Sketch{ (

(
(
(

)
) 2
b. Sketch{ )) Zorf

25. Cam %4 T L& (2017)

O= -
(=1~
Sketch y(x)

26. Cam Sussex (2017)
= l e i e |
y - ly \/— :[Oll] *E*/\

= 7 f[01] EftARHEEFR converge

IE]

27. Cam Magdalen (2017)
> < B—AHENERHER
BEEEMTg RxX
> > | < < EfFRER
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MRBELTHENXHETENRE, T4, BEABE

28. Ox Exeter (2017)
f(x) = xe™*
EE, BBEXZ increasing function? BREX Z decreasing? Max/min point

KELOBERS fOXT x =14, SRiEAR

29. Ox Herford (2017)

Sketch

_1|
sin

30. Ox Herford (2017)
Sketch
a. + =0
b. 2=2 + 2—4 +4=0
c.  What is the shortest distance between graph a and b

31. Ox Herford (2017)
Sketch  =1In and find the equation of a tangent to =1In  passing through the
origin.

32. Ox Oriel (2017)

()=, () ., draw the graph of F(x)
What is F) if () ==

Then prove °°=11 is infinity

) 1

—13 1 is infinity and prove it. If not, find its limit.

Image whether

Solution:

ldx=lnx
X

F(x):]i



=1 1 .1 .1 71 e
z__—x1+—x1+—x1+...>j—dx=w,so it's infinity.
ok 1 2 3 X

z 1 1 1 1 1 1

= x1+ x1+ ><1+...>J.#dx:[l/2ln(2x—l)];°:oo
o 2k—-1  2x1-1 2x2-1 2x3-1 1 2x—1

It's infinite.

33. Ox St. Peters (2017)

How many solutions for x in the equation = ?

34. Ox St. Cats (2017)

r
Sketch W

35. Ox Keble (2017)

1
1+ 2

a. Sketch



36.

37.

38.

39.

40.

41.

42.

43.

44.

b. Find the equation of the line that passes through (1,0) and is the tangent to
another point of the curve.

c. Show that this line and the curve do not has other intersection points (.e except
(1,0) and the tangent point)

d. By considering areas, show that >3

Ox Jesus (2018)

Graph about 1 + X2 + x* + ... + x?" for different values of n

Cam Murray Edwards (2019)
Sketch yA2=xA3-2xN2+x
Sketch xA2+yA2=2xy

Cam Lucy Cavendish (2019)

L —ER

Cam Magdalene (2019)

Sketch

Ox St. Annes (2019)
EELGT ML LRRER R R0y thEENAR TR=8—H

Ox St. Annes (2019)
Sketch 2— 2=1

Ox St. Annes (2019)

a. Sketch <
1+

b. Sketch sint

Ox Jesus (2019)
Draw 2, 3 4

Analyze the graph

Ox Jesus (2019)



45, Ox Oriel (2019)

Sketch =] ~ sin |

Topic 5: Matrix

1. Cam Sidney Sussex (2016)

Find e* where A= (1 O)

0 1

Ox Exeter (2017)
ma=()e=()

= length: | |=4 2+ 2

oy, V HEp | =( + )
B p=3 (B&E144%) length 242 good?

1

*MRBZBFE, ( + ) TEEARA, length FEENT, FAMZEZMA |+
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Topic 6: Probability & Combination

1.

Ox (2014)
7 accidents happen in a week, what is the probability for one accident per day?

What happen when n accidents happen in a week where n tends to infinity?

Ox New (2014)
There are 13 socks in a wardrobe, 8 are red and 5 are blue. A blind came in and pick the
socks, if he take one sock at each time, what is the probability of the man get a pair of

sock (two in same color) in the first two round?

Ox Oriel (2014)
There are 8 red socks and 5 blue socks in the wardrobe. A blindfolded man picks socks

twice. What is the probability of the man getting a pair of socks.

Ox Oriel (2014)
Find the number of combination of x and y when integers x, y and z satisfy the following
conditions:
l1<sz=<n+1
l<x=<z
lsy=<sz
If z=k+1, k is an integer, how many ways of writing (x,y,z)?
b. If x =y, find again the number of combination.
Answer: *3
c. How many combinations are there if x > y.

Answer: *3

d. Provethat: 12+22+ ...+ 2= "1 42 %
e. What does this imply?

f. Whatis 13+23+ ... + 3 (Hint: int the form of last term)?

5. Ox Mansfield (2014)

H D
H 0.5(V-C) Vv
D 0 V/2

D and D share V when they encounter. When D meet H, H gets V while D gets nothing.
When H meet H, they have equal chance of gaining V and loosing C. Given that chance
ofHin 5 isq,Din 5 isg-Q.Find gin terms of V and C, explain why q takes the

value.



10.

11.

12.

13.

14.

15.

Ox Mansfield (2014)
Pick a pair of number from integers 0-6. How many combinations are there? What about

from 0-n?

Ox unknow (2014)
Pick one number from 1 to 10. What is the expected outcome? What would the expected

outcome be after picking one number out?

Ox unknow (2014)
Throw a dice, find the probability of first time outcome not being 6 while the second
time outcome being 6. Find the probability of the sixth outcome not being 6 while the six

outcomes after that are all 6. Find the probability that 6 out of 12 outcomes are 67

Cam Fitzwilliam (2015)
Dice question: A and B ply against each other. The first to get 6 points wins. A throws first.

Calculate the probability that A will win.

Ox (2015)
2 persons eat 8 bars of chocolates in turn. 1 of the chocolates is toxic. Which is more

risky, start eating first or later?

Ox (2015)
A person throw a dice twice, what is the probability that the two results add up to 4

Ox (2015)
A class has 14 students, what is the probability for each students’ birthdays to be on
different days?

Ox (2015)

10 persons sitting around a table. Each one of them is given a card with a number
ranging from 1 to 10. Define N as the sum of numbers hold by a person A and his
neighbors B and C.

Prove that there exist a value of N that =17

Find the probability of N=6

Ox (2015)
Find the probability of 5 people having different birthdays.

What is the probability of 60 people having different birthdays?

Cam Christ's (2016)
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B AB A word RE HT, FHEATIET, HEMNERILEFEIFB word, EIRESEILER
o

AB EKHEE — 1007

Attt B, HEE—E/NG?

16. Cam (2016)
2ANANZ 8HRIST ), HPE—8EE, LZFEE, BN EFHHERN?

17. Cam Peterhouse(2016)
3+6 FYEERL, 10 Mk, 7TNBEM, BEXE—HE—IA 2R EHELE, @HJL
FhGE

18. Cam Churchill (2016)
We intend to put positive integers into an o o sjze chessboard, with the property that
each number in the square is no less than the average of the surrounding four squares. A

trivial solution is to keep all the numbers equal. Show that it is the only possible case.

19. Ox Lincoln (2016)

B

A
A™c
P " ‘g
o S 7
C \B/AL

20. Cam Pembroke (2017)
A—HTB—3E 44, 26 NERETNE, [ XFRAYTIREME

21. Cam Pembroke (2017)
Find the probability of 1 starting with 1 in its decimal expression given that (0,1).

1
(for example: = = 1.5, = 105, )
21

w|m||a

22. Cam Sussex (2017)



Mo, $2, 3, kiEe, REPMEEeTH
50 R7
ThR?

BRX? BRERE?
—R&E OMFEenX 27 -1PRIERY

© oo T o

23. Ox Keble(2017)
AR ViTx )
L P“’ :
' 6!“1-3(1 flgn‘\r ~ meﬂﬂ P F A DT M%Wj Comse 'H\ﬂ_ PTU bmf)«kl'f:{;’ ,‘ /(‘/.'.Hl‘/‘ ’j
\7 oy -~ 8 rigt pU- P) # MM) dro,? !
B o) 42>

©. lo I 7k - 10
P pun weeer (e oepf

éiﬁ:iy R 1 Bt
PP Ft4-4p)

when P(#3p) 7p
Pl('#r) ) ol f < worth
o'm.uw}Sa no

24. Ox Keble(2017)

There are 10 multiple choice questions. Candidates should answer these questions in
order, which means if a candidate does not answer one of the questions, he or she wil
not be allowed to answer all questions after that. A correct answer will score a mark and
a wrong answer will lose a mark. The probability of answer a question correctly is p,
where 0<p<1. The passing score is 7. Now a candidate has answered the firtst 6
questions correctly so that she has already got 6 mark.

a. lIsit necessary for her to attempt question 8 if she is not going yo answer yhr the

last 2 questions?

b. Isit necessary for her to attempt question 10?

25. Cam Magdalene (2019)
N read 2n blue, draw 2 times, if you get same color then win. What is the probability of

winning?

26. Cam Magdalene (2019)
13 5k$pseh® (A-K), FEMIEINHESI. RIRFE—KA n, WEIFHESIR n K&, MR A
AE—IK, N stuck (TESLNEHT) . BIRE—ES stuck?



27. Cam Magdalene (2019)

e
@GN & € cnn oy §u wp er
‘ (B’ S) 'ﬁ? b - t{ v 30 ﬁ-w:«a
(«U’D) LAY \“)
>
0

28. Ox St. Hilda's (2019)
BEBEKFITMNEG, SF4&zBNERHEE . B—REKN A%, |tbri. BXIR
HEEFE L, KESELEXHMEFL D,

a. EREHELER =-

b. BEEBHESLMERENER (FEAMHA 02 pi B9E5LELE integration
c REH/RUEpHARE, ®IF—PEEEXK pi

d. WMRAZREH E—1TERAINE, BHZXHNHEX (F2 =-)

29. Ox University (2019)
A~K 13 5k¥psehd, FEVLEM/HEY], BREFE—KMEA N, WEFHESIET N skiE. R A
EE—k, N stuck, BE—FEZS stuck?

Topic 6: Integration
1. Ox New (2014)

2cos

2. Ox Mansfield (2014)
Integrate (sin )8cos , (sin )8(cos )% and (sin )™(cos )"
Determine under what conditions can the third integration be done in similar ways as the

first two.

Solution:

(sinx)’

J.(sinx)(’ cos xdx =I (sinx)®d sin x = +C



(sinx)” sin’x

7 9

+C

J.(sinx)6 cos’ xdx =I (sinx)®(1—sin” x)d sin x =
When n is odd, the third can be done in a similar way.

3. Ox St. Hugh's (2014)

yoo =1+x , ()

Write an expression for y(x)

1
Answer:Let y=kx+1, so kx+1=1+x [ (kt +1)dr =1+x(1/2k+1), so
k=1/2k+1, k=2. therefore, y =2x+1

4. Ox oriel (2014)

2cos

5. Ox unknow (2014)

1 1 , ,
Fvaluate _, *-— and ; ?— +2 and find the difference between the area

represented by the integrals

6. Ox Herford (2015)

_1
2 (1- 92
2
(1+ 2)10
7. Ox (2015)
1/2
1-— 2
0
8. Ox (2015)
2
> =0Finda.

9. Cam Sidney Sussex (2016)


https://www.undergraduate.study.cam.ac.uk/colleges/sidney-sussex-college

|~

Draw y = yZ%

X'

Integrate from O to 1

1 . L
Integrate = Find the range fo a when the integration is finite.

10. Ox Brasenose (2017)
arcsin

1
arcsin

11. Cam Lucy Cavendish (2019)
K (1) MREEMT (a) ZIf (b) BTG

12. Ox St. Annes (2019)
R4 0-IEXZ sinl/x convergence

Topic 7: Logic Puzzle

1. Ox New (2014)

We have couple dominoes ,each has one side of 1 and one side of 2.

a. What kind of squares can we made by the dominoes? Is it possible to make a

square with odd sides? Prove it.

b. The dominoes can be in either vertical or horizontal, now we note that the

number of vertical dominoes as v, and the number of horizontal dominoes as h.

What can you find about v+h? Prove it. Is it possible for both v and h are odds?

Prove it.

c.  Now suppose that | have a chessboard (a 8+*8 square), and | cut two 1x1squares

at the opposite angle (shown as below), can you use the dominoes to cover it?

Prove it.




Ox Queens (2014 & 2015)
10 bucket contains coins. One of them contains fake coins. Genuine coins weigh 10g
while the fake ones weigh 9g. How many times do you need to determine which bucket

contains fake coins?

Ox St. Cats (2015)
IADKBRILRET IS RIRER, HHLREEIREN.

Ox St. Cats (2015)
VA man MEFREBEEAR

Ox St. Cats (2015)
State the following statements are true or false:
a. For all positive real number vy, there is a positive real number x that 1/x<y.
b. There exists a positive real number x, where 1/x>y for all positive real number .

c. For all positive real number vy, there is a positive real number x such that x>z,
1
where — <-=<

d. For all positive real number vy, there is a positive real number x such that x>z,
where ?sin >
e. There exists a positive real number x such that x>z, where x2sinx>y for all

positive real number y.

Ox St. Cats (2015)
Here has a grid of 2*n, and | have some 1*2 dominoes. Now you need to use the
dominoes to cover the grid in either horizontal or vertical. How many ways you can put

the dominoes?

Ox St. Cats (2015)
Here has a truth table:

A B A=>B
True True True
True False False

False True False




False False True

Statement "A=>B" can be written as “If A, then B”, which is called A imply B
State the following statements are true or false by using the truth table:

a. 2isprime => 2is odd

b. 3isodd => 3is prime

c. 2isodd => 2 is not prime
d. If a=b, then an2=b"2
e

If nis a perfect square, then n is not prime

8. Ox Queens (2015)

There are many points with red and green, prove there exists two points with same
colour have distance of 1

9. Cam Christ's (2016)
—/N 2016%2016 FRAGEFFBI A 1 -1, [@FFH 2+2 squares F1&BA 0 A9HESI %L

10. Cam Peterhouse (2016)

Z R ey (o) &
a. —REFA—=nFEE?
b. Am%&E BmEEC&?
c. ARAREETCRFC?
d AARZILB, CH D?

11. Ox St. Cats (2017)


https://www.undergraduate.study.cam.ac.uk/colleges/christs-college
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12. Ox Queens (2017)

a. There are n people in a party. Explain why there is at least two of them that know
exactly the same number of people in the party. (Hint: use pigeonhole)

b. There are 2n+1 people, assume that if you pick any n there is somebody sles
that knows them all. Explain why 2n+a people know each other. (Hint: prove by
induction that there are n+1 people that they all know each other)

13. Ox Queens (2015)
There are infinite points in a plane that are either red or green. The distance between
two red points (for example x) is denoted by a red number x. the distance between two
green points is denoted by a green number. distance between one green and one red
point is an unknown number (can be red, can be green, can be both or nothing). Show
that at least one of the following is true:

a. All numbers are red

b. All numbers are green

(Hint: try to show that if m is not red then every number smaller than m is green)

14. Cam Churchill (2018)
— IMMFEBARNIK, BELE—, WIER, BEECRBERERFEIRNDE

15. Ox Lincoln (2018)
FWHE, BXAUNE—HEREIRUENE, RINFRAZTHRE, 2EEE—XE
WER, A-THARTRHEE, WEBGT, BARIERR’

16. Cam Magdalene (2019)
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17. Ox Jesus (2019)

Yo Jave o fw@'nij drss hoard

O, You Qmn ?\A’t n  bhoxes
Wt boces  Shoud }mkfo( to e wald

oy  ex au,gf _H

v/ X

dor b wzf &
fid  te  vule for G(mu:,-'j Sypmertle Jrph
find T x veletin o Mumber o

18. Ox Keble (2019)

Explain the following is true or false

a. log — log

b. sin( ):COS( )
C. 443+ 4=pg



19.

20.

21.

22.

23.

d. 7% ()sothat | ( )]—cos <107® ( )Epolynomial

Ox St. Annes (2019)

N BBEENERRAE ZOM

o] Iies: % /0 7

o] IABRHT & D Fh

EEA/NATUEEAN T EiEE S DM

Ox St. Hugh's (2019)
If we can use n r«=2r rectangles to fill in a 1*1 square, what values can n be? R can be any

number , and rectangles can be in different sizes.

Ox Somerville (2019)

; Lx 4 BHIR  FE TR
G2 |l &2a Hy B2 (A BRAE) |

IxR 7 x1b> BYEXBLY?
(FaR%E-TH ).
B Methorotical Indackiog. N T BDHENE

Ox Somerville (2019)
BRI E X n-square:
NHSEEBKD LI n BEZHEE (2-square: [EFE, 3-square: 2 J71AK)
a. N-square B/ Tn=
b. EX one-walk: BXE—H%, E—7FELAEER MO0 0211 1)
A% /0% one-walk?
c. EXtwo-walk: ERE2H# (247mE), B—FELEFEFE, KOO0 ,0)
AL  DFEZ D two-walk?

IC Maths & CS (2019)
100kg of potato has 99% of water, after the sunlight exposure, the content of the
water has dropped to 98%. What is the weight of potato now?

Topic 8: Number Theory

1.

Cam (2014)
[01lx% 2+2 + =0&KE

. (3)



b. ()
c. )

= ;rln;‘:.l-"‘"‘ o Rl g
i A prx+ T =0

REOSTETY ¢ md A0
2

| ';}Iy‘\:‘rl " |
gy, 433 iEmEE s
0 X =0
© y= 4+JFT . () = FT -

== zu0
2.

| (7_&—!);" ~CT-

i 4 s

_.:TU‘—D - PL = ? i J;i
O TN 1o 5% ETd, EX)E A7 s ks

@ V= o) ‘(Bﬂ)l 3

> i ind i

Rtz =T, S EQ) e M= -5 o2

_LuL
o

=Jz
RRVIC %—ﬁ - 48] =Py

2. Cam (2014)

Prove " = I" ERTFH
. o e &
'—L?(J" ~ 2 =4 = [«
jreva o
Lo Lt

riuve =~ Yy L. = Ny " yo roon

2 2 2
(%Y) T 0yt (2R 2P
Z
, x‘.(_jl-f-g ;xg-&-j&”rZ%

4. Cam (2014)
+ 2+ 4+ =0(,, )

prove if , then

Note: Q is the set of all rational numbers.
This is equivalent to proving if X is rational, then x is an integer.

7 5.: contrapositive, divisibility
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5. Cam (2014)

Harbor constant: () = T(

~

a. 1ERB <T

b. BHXT OmAER,

AV
o oo
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c MR ()=%=—,Mam;ﬁ@~;ﬁa{ O
O

6. Ox Mansfield (2014)
f(x +y) = f()f(y), prove that f(0) = 1. Prove that there exists K such that for any value
of n, f(n) =kn.



6. Ox Mansfield (2014) dhesit 7%

fx+y) = f()f(y), prove that f(0) = 1. Prove that therelexists k such that for any value

o Lier %ye0. —gkoJ:SLZO) = -SLO) wa)—D =) —J{o):o or -jppj
lev Ko 4= 401D, ,f(\,)ag\) ptleruise, L= 7;,kolu Y
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7. Ox Brasenose (2014)

a. Show that if n? is odd, then n must be odd.
If X" +1 = 0, does n have to be odd?
Fractionise (X" + 1) when nis odd.
(2 +1) is prime, does n have to be odd?
Following c), if =2 , does m have to be odd?
22M+1 =2  does k have to be odd?

™ o o 0 o

%= odd and prime numbers

n. onis ek them 1S @R, hich cowtradiR Hhe
om condibon S0 0 mast be oddd
; : B i
bWzl é‘w)‘—b %= e " . S0 Wen =g "
neowd be 2 §? N Jnem:kwﬂ‘f‘ be pold .
¥ n &
Gz ) L?G'iﬂndi— A % 4k K )
Cd- No_ﬁ:h—;}_, nt) =5 s PT?W’- but- N5 eveh
2. the be\evk & wieirel

5 -



8. Ox Mansfield (2014)
a, b, ¢, d are integers. Subtract ¢ from d and take the modulus of the result. Repeat this

for all numbers, why will all number become 0 at the end. 3.

9. Ox Brasenose (2014)
. . L 1
- e+
Simplify the following expression if a and b are non-zero real numbers: P

1

a+b++/a2+b?

Prove also that the a + Va2 + b2cancelled is not equal to zero.

!
r——("’-_' o =g
ﬁ'b{'ﬂ Gi‘f‘b'f‘m
P ot Job . ot Jaeb

20 zap
= '),‘o _ 4
z,ﬁ-l') T

o J&F =0, Hher oy T * ol B
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10. Ox St. Hugh's (2014)
< 100 and a is a positive integer, find a where 100 | ( —1)

O (6D =0 Lnwth (0D

50, QLA =0 etk )

j awoD=0 cmod %)
she- (G, 0D =, 4l or 4| o
ysfa oy 3'5]0"“1

S05 412 o, i Fosi*m e a chont eKist
= loofe, ’

¥5|&
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11. Ox St. Hugh's (2014) ([& &%)
If you were given 7 different integers, the sum of which is 100. Verify that the sum of 4 of

them is no less than 50. Verify that the sum of three of them is no less than 50.

12. Ox St. Catherine (2014)
Is it possible to write 2015 into two squared numbers?
What about three squared numbers?

13. Ox New (2014)
What is golden number?
Why rectangle in golden ratio is seemingly perfect?

14. Ox New (2014)
Prove that the following equation has no non-zero integer root: 96837x? + 63165  +
31785y° =0

15. Ox New (2014)



Given a list of prime numbers:2, 3, 5, 7, 11, 13. Are any of these 1 smaller than a square
number? Are any of these 1 smaller than a cubic number? Can a™* be a prime
number?

Are any of these 1 greater than a cubic number? Are any of these 1 greater than a

4th-power number?

16. Ox Somerville (2014)
x>+ + =0, ifkisaroot, ~lisalsoaroot, prove either =1lor =—1and =0.
17. Ox Somerville (2014)

n is integer, when n is not a prime, is it true that n divides ( —

1)!

18. Ox unknown (2014)
Example: the number 961 can be manipulated in the following way: 9+ 6 +1 =16, 1+
6 = 7. Numbers that can be manipulated in similar way into 4 or 7 are unlucky numbers.
Is 13 unlucky? Is 7876777 unlucky?

19. Ox Somerville (2015)
Find the 3" largest number and the 7" largest number from an array of number.
How could you increase the time complexity (how could you save time) and what is it?

20. Ox Somerville (2015)
How many Os are there at the end of 37!

21. Cam Fitzwilliam (2015)

.6 1
= =9
Why is 1; Jreater than >

22. Cam Robinson (2015)

What is a prime number? Can any prime number be expressed as X2 — 17

/g 3 :Pﬁme. Y'v“-m[’us’ jﬁwng'

hwr
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23. Ox St. Cats (2015)
Here has an equation: 2+ + =0, where b and c are both odd. Prove that there
has no integer solutions.

24. Ox (2015)
Can 2+ 1 be divided by 5, where n is an integer
WPPER L QL MCTIAp i
R Sipt b A ok B a 12 m”aﬁ(ﬁtﬁ?‘ PPN (el §)
[ Ak g 2o 4 5M5)

AR i 91T iR s R s neo , nE X
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H s podlulor orhaec 2 a2tV

nis e gEE M

ng,q. V\’El'b-':} A
S0 whon nz2,3 cmah )
5 l(n’+l)

25. Ox (2015)
Multiply the odd numbers between 1 and 1000000. Find the last digit of the summarized
number

gy, s SRR
¥, 5,45[})(?-('\- 7?7777
s weh S

26. Cam (2016)
0FEHZLA0
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27. Cam Sidney Sussex (2016)

Anumber = X Find the number of pairs in this form

%\E,;-.humhu- n-S— .fn.(;h:r'su +ke/urm
Sinle. oA O aJC n, w
:hﬂfvo:\ﬁf%m b con alo MM‘I’W:LJ ak“’* nsd
'Hlﬁ_#{ o? W?hi-}\-‘s -Pvrh:: +he. YW‘-"’M 225 M
or the 4 of Jc_ajff‘\

P
a AWM
O ¢§ nis ner o s T
ki R b
TRE T s LR

28. Cam Christ's (2016)
=2 pisprime, (, )=1 BEFE =-1( )
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29. Cam Peterhouse(2016)
EM + AFEH =1 iERH + ( ) ABIEREL
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30. Cam (2016)
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31. Ox Oriel (2016)

a. Find integer numbers satisfying
b. Find rational solutions for
c. If there are integer solutions for

for 2+ 2=17

nz| el %
"=z nek v
Nz s e o
ne4 Rzib 2l A
<0 thn nz2,3 cmadd 5
5 l(r\-l-l)

24 2= 2

2+ 2 =1 from the answer above
24 2- 2

, are there always rational solutions

d. If there are always rational solutions for 2+ 2 =1, are there always integer

solutions for 2+ 2= 27

e. Drawgraphsof 2+ 2=1

f. If there is a point (—1,0) on the circle, draw a line with gradient r. the line cuts

the circle at another point, the coordinate of that point are rational numbers, is r

a rational number? How about vice versa?

32. Ox Oriel (2016)

a. Find solutions for ~ +1 =0, where nis an odd number. Is there any solutions if

nis even?

b. Factorize + 1, where n is an odd number. What is the second last term?

c. If anumberinthe form 2 + 1 isa prime number, show that n musr be in the

form of 2

33. Ox John’s (2016)
Euler foruma: — + =2
What is the condition for >
Define =
Deduce that

a. = 3+ 4+

?



3><3+ 4><4+ x
2

ILRAF, B, VIERR > WEHAKMHEN, = +1

b. =

34. Ox Oriel (2016)

Prove Pythagoras’ Theorem

35. Ox Brasenose (2017)
a. X Y, z, tare positive integers. Solve: 3| + + + +1=40( + +

)

b. if nis odd, how many real roots does 2+ 1 have?
c. Prove =-—1isthe only real root

36. Ox Herford (2017)
Let number , _1, , 1, o bedefinedas = o 3°+ ; 3+ + 3.
a. Whatis 101 in the form of n?
b. What happen to n when it’s multiplied by 3? By 9?7

= 38

3110 b g
5%—" 2; (lmoz)f 2.3+ 03123403113
5 >
313, 2

gl < ¥
B el

b.when it's multiplied by 3, the base-3 representation of n becomes 102020; when it's
multiplied by 9, the base-3 representation of n becomes 1020200

37. Cam Magdalen (2017)

2

1. . .
is integer when n is odd.

Proof

% &: modular arithmetic
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38. Ox St. Peters (2017)
Prove by contradiction that there are infinite number of primes.

r-ﬁue,: aMwIng the sex cj'_ 71573@5 5 7('*;“—1‘?. g “ -f:b f"‘ f’""' fn11
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39. Cam Churchill (2018)
a. 5 +137ERR, KnmFKAX
b. 5 # 7 &k, Kn#RIEARX
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There’s no n.

40. Cam Magdalene (2019)

Prove 22 — 1 has at least one prime factor
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41. Cam Magdalene (2019)

V2019 +v2022 and v2021 + +2020 which is bigger?
ZE8: HESHERKI.
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42. Cam Magdalene (2019)



If > , which rational number satisfies _r) > ( +—)

a o o
If x > 0, which rational number a satisfy % -2 (x + %)
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43, Ox Keble (2019)

X, y, Z are prime
solve + 2=42
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44. Ox Somerville (2019)
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45.1C Math &CS (2019)

Can 10003 be constructed as the sum of two squares?
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46. I1C Math &CS (2019)
How many d and e (0 to 9) can let 35d4e be divisible by 12?
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Topic 9: Geometry

1. Cam (2014)

2. OxBalliol (2014, 2015)
Radius of the circle is 1, evaluate the perimeter of the pentagon.



Evaluate the perimeter of n-side polynomial.

Ox Brasenose (2014)
Three circles are tangential to each other, find the area bounded by the circumference of
the circle. Find the maximal area of a circle that can be inserted in the shaded area.

Ox Keble (2014)
For a semi-circle with radius 1, be is always perpendicular to a. Prove that (b2+a2/a is

constant)

Aa

Ox St. Catherine (2014)

In a race, | start from the bottom left corner at (0,0) and needs to get to the upper right
corner at (10,10). | need to swim before run. | run 5 times faster than | swim. | need no
shoes for swimming but | do need them for running. The shoes are on the line shown
below. Which point is the best position for the shoes so that | can get to (10,10) fastest?

Swim The Line

Ox. New (2014)

An isosceles triangle has two sides of 1cm, what is the minimum area of the triangle.
How many diagonals in a pentagon?

What about an n-side polygon?



7. Ox. New (2014)
&K, B ILMEL AR, EHEE 4 117

8. Ox. New (2014)
=gt 14 7], REEVIJLR? n JIR?

9. Ox Mansfield (2014)
A Venn diagram contain n elements, how many parts are there?

10. Ox (2015)
A n-sided isogon is internally tangent to a circle. Calculate the area of the isogon.

11. Ox St. Cats (2015)
Here has a square and an inscribed circle, then we get a smaller circle tangent to the
large one and passing through the corner of the square. Now we know that the
circumference of the small circle is 1, what is the circumference of the large circle?

12. Cam Peterhouse(2016)
HKESABSESBCH —EA?

13. Ox Worcester (2016)

CodewlaTe from isocefes

n]fﬁ! longest J'e.ngﬂx ﬁme;)
b

14. Ox Lincoln (2016)



1. Here is a cube. Find the axis ol symmetry and degree of rotation.

2. Here is a triangle. A bee is at A initially. There is same chance Lo go either 2 points.
What's the probability after nth jump for the bee to gel back to AT

i

15. Ox Oriel (2016)

J. a b)) - aah = >

b ath's >

I/
2o 3y
3 f otb=ct (auboc£7)

Gy by
4 v
S.asb May hot be e)YJreSSed as same (lanominator
b 7. Another point (m, n) mnelhQ LCM
p- ™ -0

\ [ ,L‘M'n
Wil G 15 0 redonad ﬂWWer by fmdmg eommoa- Y| ‘*~’f,,:,f_

NoT micessary for yie veisa

16. Ox St. John's (2016)
What is polygon? Example
What is a polyhedral? Example

17. Cam Magdalen (2017)

18. Ox St. Peters (2016)
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—4 3 4 x 4 eube. FITFRHATFREN EHorder of rotation, 77T AGE order of rotation?

Then, prove that, given five 1% 1% 1 cube, six 4% 2x 1, six 3x 2% 2, iEHZEHFH—5 x5 x5 cube

19. Ox Herford (2017)
A square paper is to be cut into n pieces of squares
a. Can it be cut into 8 pieces of squares?
b. Can it be cut into 7 pieces of squares?
¢.  Which n can’t be reached?

30. Ox St. Peters (2017)
There are 3 people in town A and 5 people in town B. Where is the best place for them

to meet together? That means the total distance travelled by all people is the shortest.

20. Ox Queens (2017)
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21. Ox St. Cats (2017)



22. Ox Oriel (2017)

23. Ox St. John's (2018)
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24. Ox University (2018)
EARERAXEFE radius FTINZZ D7 B radius SERMER (BERHM), Fkd
EKITEE—LZUNIARRER.

25. Cam Murray Edwards(2019)
There is a square ABCD (in clockwise order), find the set of points X inside the square
such that the total distance from A to X and from C to X is equal to that from B to X
and from D to X.

26. Cam Magdalene (2019)



s ?{ | fold yinto o buw
|~ ' | - Qm{ nowx wlhumne.
7w,

27.
Topic 10 Sequence

1. Cam Peterhouse (2016 &2017)
Prove an infinite real sequence has either a non-increasing or non-decreasing

subsequence?
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2. Ox Worcester (2016)
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3. Cam Pembroke (2017)

, 2017 2017 2017
What is the value of ( N ) + ( 3 ) + o+ (2017)

2% £: binomial theorem
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4. Cam (2017)
1=1
3+5=8
7+9+11=27
13+15+17+19 =064
3K general law, prove it [ {the Stanford maths problem book) R&]

5. Cam Sidney Sussex (2017)
5 H 2K AR EF R 10 1
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6. Ox Keble (2017)
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The triangle number is definedas ( ) =1+2+3+ +  Show that:

a. ( )+ ( +1) isa perfect square

b. If 8k+1 is a perfect number, then k is a triangular number.

c. Ifkis a triangular number, so is -

7. Ox St. Annes (2019)

Pascal triangle  (explain) AftAEEHFE 2 BOXT
(explain) At ARENMZERARR
(explain) ATAZE—TE—TIE—IH NERAFZ O

Topic 11 Trigometry
1. Ox Keble (2014)
Prove ( + 1)( +1)<3

2. Cam Lucy Cavendish (2019)
WEBAsin. AR LI

Topic 12 Sets

1. Ox Trinity (2017)
i C+)= )+ () ()

( ) is true, we call it a linear image (transform)



a. If ((1LO))=(1), ((01)=(10), whatis ((1,1))?Whatis ((2,2))?
If (())= and ( ())= ,thenwe call gis the inverse image of f

b. If ((,))=( + , ) whatis the inverse of f?
c. Try ((0,0), ((1,0), ((2,0)), what conclusion you can get geometrically?
d. Show that all inversible linear image with
i. Linear combination form
ii. Linetoaline
Can all transfer
e. Show that when we input two parallel lines, the images we get are also parallel
f.  Show that when we input a triangle, we also get a triangle as image.

If forall , the segment component between p and g also , S is called a convex

set.

g. Isastraight line convex? Is a triangle convex? Given an example of a non-convex set.

h. Show that is S is convex, the linear image of Sis also convex.

2. Ox St. Cats (2017)
14 set BEA 2017 MY, 51X 2017 NMIAY sum FF product, F finitw 22 infinite
BB JERR

3. Ox Pembroke (2017)
B{123, ,2017}X set EERBULMEAEM— M HNES, 2BE M set Z1ER
BEENM N set £, LW

Topic 13 Physics related

1. Ox New (2014)
Assume that | am on a train that is travelling in a steady speed. If | jump up, where
will | fall back to?

2. Ox Balliol (2014)
Write down an expression for ©(t)
Two pendulums, one with frequency that is half of another. When will two pendulum

coincide and move towards the same direction. = 4

3. Cam Peterhouse (2017)
—EK MBHEhNESE TR AEHETENRE | EEXRNEE Ktotal distance

travelled.



