A-level Maths Pure Skills Checks

Pure Maths

What they’re for

These questions are designed to help you build fluency and confidence with some of the
most common techniques and methods of A-level Maths.

One of the most common reasons students struggle to achieve a decent grade is that they
get stuck on the early parts of a question and then can’t access the big ticket items that
follow on. If you often get stuck at the start of a question, or don’t feel confident with the
key skills required within a topic, you should find these skills checks particularly beneficial.

How to use them

You’re welcome to make use of these questions any way you see fit, but they are designed
to fit into a little-and-often revision schedule. Research suggests you’ll be more effective
working in 25 minute bursts, with 5 minute breaks in between. Each skills check is designed
to be easily doable within this time.

First, choose 5 skills checks to focus on. If in doubt, go with the first five topics.

During a 25 minute revision block, try the following:

e Grab the first skills check from your set of 5 to tackle.

e Choose your difficulty level (a: easy, b: moderate, c: hard).

e Complete all the questions for your chosen difficulty level. Time yourself.

e Check your answers, make a note of any errors or misconceptions and look up (or ask
a friend or teacher about) anything that doesn’t make sense. Pay particular attention
to common slips, where your method is valid, but you make a daft numerical or
algebraic error. What can you do to avoid them, or find and fix them before finishing
a question?

e Jot down your score (1 point for a substantially correct method, 2 points for correct
method and fully correct answer for each question) and the total time.

e Put your skills check sheet at the bottom of the pile of 5 to revisit later.

After you’ve worked your way through all five sheets, you’ll start to revisit them:
e Whenever you revisit a skills check, choose a harder difficulty level. Once you can
confidently do all three (a, b and c), focus on speed and efficiency - start looking for
ways to save time without compromising your accuracy.

Once you’ve mastered a particular skills check to your satisfaction, set that sheet aside and
add a brand new one to your pile of five.

Important:

These skills checks alone won’t improve your problem solving or mathematical modelling
skills — they are the building blocks you need, but on their own they are not enough. Once
you feel you have mastered a particular topic’s key skills, find some proper A-level Maths
exam questions and work on applying your skills to them.
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Pure Skills Check 1: Quadratics

Record your results here:

Date Level (a/b/c) Score ( /10) Time (mins)

1.

a) b) c)

Factorise: Factorise: Factorise:
x? —9x — 36 6x%+ 11x — 7 4x?% — 9y?

2.

a) b) )

Complete the square: Complete the square: Complete the square:
x?—7x+ 20 4x% + 6x — 5 —2x% + 3x

3.

a) b) c)

Determine the number
of roots of:
x> —=3x+4+12=0

Find k for which this has
exactly one root:
2x*+kx+3=0

Find all k for which this
has distinct roots:
kx> 4+ kx+1=x

4.

a)

Find the equation of a
guadratic curve with
roots 3 and —2 which
passes through (0,3).

b)
Find the equation of a
guadratic curve with

roots —3 and % which
passes through (1,6).

c)

Find the equation of a
guadratic curve with
maximum point (2,5)
which passes through
(0,13).

5.
a)
Giving your answer in

set notation, solve:
(x—5)x-2)>0

b)

Giving your answer in

set notation, solve:
2x2 —5x—12<0

c)

Giving your answer in

set notation, solve:
—3x2+2x < -5




** Answers** Pure Skills Check 1: Quadratics **Answers**

1.
a) b) c)
(x—12)(x + 3) Bx+7)2x—1) (2x — 3y)(2x + 3y)
2.
a) b) c)
( 7)2+31 4( +3)2 29 2( 3)2+9
Y732 Ty *T4) " *74) 73
3.
a) b) )
b? —4ac=-39<0 b? —4ac =0 b%? —4ac >0
~ 0Toots = k?—-24=0 (k—1)>—4k?>0
— k=+2V6 —3k2—2k+1>0
1
CVs: k = 3 or —1
negative quadratic, Nn-shape
1
s =1 —
<k< 2
4.
a) b) c)

y=k(x—3)(x+2)
3=k(0—-3)(0+2)

1
3=—-6k « k=—2

2
y = —%(x—S)(x+2)

6 =2k - IE=3
<

y=k(x—2)*+5

13 = k(0 —2)2 45
13=4k+5 «~ k=2
y=2(x—-2)2+5

5.
a)
Critical values: 5, 2
Positive quadratic, U-shape
{x:x <2}U{x:x > 5}

b)
Critical values: 4, —%

Positive quadratic, U-shape

b S < <4}
X: Z_X_

c)

—3x24+2x+5<0
Critical values: g, -1
Negative quadratic, N-shape

{x:x < —1}U{x:x2§}




Pure Skills Check 2: Graphs
Record your results here:

Date Level (a/b/c) Score ( /8) Time (mins)
1.
a) b) )

Sketch the given curve,
showing any points of
intersection with the
coordinate axes:
y=x(x+3)(x—2)

Sketch the given curve,
showing any points of
intersection with the
coordinate axes:
y=(x—4)*1x+2)

Sketch the given curve,
showing any points of
intersection with the
coordinate axes:
y=(x—2)*(x + 1)

2.

a)

Sketch the given curve,
showing any points of
intersection with the
coordinate axes and
indicating the position of
any asymptotes:

=342
y= X

b)
Sketch the given curve,
showing any points of
intersection with the
coordinate axes and
indicating the position of
any asymptotes:

1

=2
Y +x—4

c)
Sketch the given curve,
showing any points of
intersection with the
coordinate axes and
indicating the position of
any asymptotes:

3

TS

3.

a)

Sketch the given circle,
showing the coordinates
of the centre:

b)

Sketch the given circle,
showing the coordinates
of the centre:

c)

Sketch the given circle,
showing the coordinates
of the centre:

x> +y* =16 (x—2)*4+y*=38 x>+ 2x+y*—y=-3
4,
a) b) c)
For 0 < x < 2m, sketch: | For 0 < x < 2m, sketch: | For 0 < x < 2m, sketch:
y = sinx y = 2cos(x) + 3 y=tan(x+%)




**Answers** Pure Skills Check 2: Graphs **Answers**
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Pure Skills Check 3: Binomial Expansion

Record your results here:

Date Level (a/b/c) Score ( /10) Time (mins)
1.
a) b) c)
Expand fully: Expand fully: Find the coefficient of x3
(1+ 3x)* (5 —2x)3 in the expansion of:
(1+x)*(2 —x)°

2. Find the first four non-zero terms of the expansion of:

a) b) )
(1+3x)2 2 303 (2 - 3x)?
V4 — x
3.
a) b) c)

For what values of x is
this expansion valid:

For what values of x is
this expansion valid:

For what values of x is
this expansion valid:

-2 1 _ 2
(1+3x) (2 — 325 (2 —3x)
V4 —x
4. Split the following into partial fractions:
a) b) c)
15 9 3x% —4
(x +3)(x—2) (2x + 1) (x — 1)? (x + D (x + 3)

5. For this question you may use the factthatvl +x = 1 + %x — %xz

a)
State a value of x that
may be used to find an

L 3
approximation for \E

b)

Use x = 0.25 to find an
approximation for V5.
Give your answer to 3dp.

c)

Use x = 0.08 to find an
approximation for v/3.
Give your answer to 3dp.




**Answers** Pure Skills Check 3: Binomial Expansion **Answers**

1.

a) b) c)
1+ 12x + 54x? + 108x3 | 125 — 150x + 60x?% — 8x3 —~72
+ 81x*
2.
a) b) c)
1— 6x 4 27x% — 108x3 W2 2722 23 243
2vV2 - —x + Xt
2 16 291
27\2x3 iital¥t:
o4 512
3.
a) b) )
Xl <= Xl <2 Ixl <4
3 3
4.
a) b) c)
3 3 4 N 3 2 3 1 23
(x—2) (x+3) 2x+1 (x—1)?2? x-1 2(x+1) 2(x+3)
5.
a) b) c)
x =0.5
5 V5 108
=V125= |-=— | LHS=V108= |—
LHS 1.25 j; > S 100
RHS = 1.1328125 = E = i§
25 5
V5
o 1.1328125 RHS = 1.0392
~ 3v3
V5 ~ 2.266 to 3dp ;/_ . 10392
. 3~ 1.732to 3dp




Pure Skills Check 4: Trigonometry 1

Record your results here:

Date Level (a/b/c) Score ( /10) Time (mins)
1. Triangle ABC has angle ABC = 90°.
a) b) c)

If angle BCA is 30° and
side AC is 10cm long,
find the length of AB.

If angle BCA is 40° and
side BC is 4cm long, find
the length of AC.

If side AB is 4cm long
and side AC is 7cm long,
find angle BCA.

2.

a)

Triangle ABC has angle
ABC = 45°. It has side
AC = 8cm and side
AB = 4cm. Find the
size of angle BCA.

b)

Triangle ABC has angle
ABC = 60°. It has side
AB = 5cm and side
BC = 6cm. Find the
length of side AC.

c)

Find the exact area of a
triangle with side lengths
7cm, 8cm and 9cm.

3. Find all values of x in the range 0 < x < 360° which satisfy the equation:

a)

sinx =04

b)
sin(x — 70°) = —0.6

c)
sin(2x + 30°) = —0.5

4. Find all values of x in the range 0 < x < 2m which satisfy the equation:

a)
10 cos?x + cosx = 3

b)
2cos’x +sinx =1

c)
tan’x +secx =1

5. Find the smallest value of x in the range 0 < x < 2 for which this function

takes its maximum value:
a)
y = 3sinx

b)
y =4 (cosx + 1)?




**Answers** Pure Skills Check 4: Trigonometry 1 **Answers**

1.
a) b) c)
. X 4 ) 4
51n30—ﬁ cos40 = — 51n0=7
X
— x=10sin30 =15 . 1[4
= x= ~ 522cm | = 6 =sin~ <—> ~ 34.8°
cos 40 7
2.
a) b) c)
4 8 x? =52+ 6%2—-2(5)(6)cos60 72 =82+492 —2(8)(9) cos O
sind  sin 45 x =31 Cosezwzz
- 4 sin 45 —144 \/_3
sing = ——— 5
8 sinf = 1—c0329=?
V2
R e 1 V5
0 = sin < 7 | =207 = A=2(®)9) <?> = 12V5
3.
a) b) c)
x = sin"1(0.4) = 23.6° —70° < x—70° < 290° 30° < 2x 4+ 30° < 750°
&, by symmetry: 180 — 23.6 x — 70° = sin"1(—0.6) sin 2x + 30° = —0.5
~x = 23.6°156.4° x —70°=—-36.9° = 2x + 30° = -30°
&, by symmetry: x — 70° = 216.9° &, by symmetry: 210°
~x—70°=-36.9°216.9° &, by period: 330°, 570°, 690°
~x = 33.1°286.9° ~x =90° 150°, 270°, 330°

4,
a)
10cos?x +cosx—3 =0
Let C = cosx:
10C?+C—-3=0
Solving by calculator:

C == C=—=
2 " 5
1 T 51
CoOSx == = x=—-,—
2 3" 3
cosx = —%ﬁ x = 2.21, 4.07

cx =" 221407
"x_31' ) I. 13

b)
2(1 —sin?x) +sinx =1
—2sin?x +sinx+1=0

sinx = 1,sinx = —0.5
T
sinx =1= x=§
T
sinx = -0.5= x=—g
and7—”and11—ﬂ
6 6
' m 7 11w
" *T27%6 76

c)
tan’x +secx =1
(sec’x—1)+secx =1
sec’x+secx—2=0

secx =1orsecx = -2
1
cosx=10rcosx=—§
cosx=1= x=0,2n
1 2T 41
COSxX=—-"= x=—,—
2 3’ 3
2T 41

X = '_5_’7§_’ T

5.
a)
Max is 3(1):
3sinx =3 = sinx =1
T
= gsin~1 1) =—
x =sin"*(1) >

I
~ smallest inrange is >

b)
Maxis4(1+1)2=0
cosx=1= O0or2m

~ smallest inrange is 0

c)
.1 1
Max is =—-
-1-3 4
. T 3n
sinx =—-1= x= —5or—
] . 3m
~ smallest inrange 157




Pure Skills Check 5: Differentiation 1

Record your results here:

Date Level (a/b/c) Score ( /10) Time (mins)
1. Find &y when:
dx
a) b) )
= 5x2 — 4x”7 7 2 2+x
Y y=3\/§—; y=(2+Vx) - 3
2. Find all stationary points on the curve:
a) b) c)
= 3 _ 4 = 3 2
y =5x° —3x y=x2+; y=x>+3x“+3x+1

3. Determine the nature of each stationary point on the curve:

a)
y = 5x3 — 3x

b)

y=x2+é
X

)
y=x3+3x*+3x+1

4. Find the equation of the ...

a)

... tangent to the curve
y=3x*—4x+1

where x = 2.

b)

... hormal to the curve
y =x3 — 7x?

where x = —2.

c)

... tangent to the curve
y=x3—x

at each of its roots.

5. For which values of x is this curve decreasing?

a)
y =6x3+7x—2

b)

= dx+2
y = 4x+—




** Answers** Pure Skills Check 5: Differentiation 1 **Answers**

1.
a) b) c)
dy 1 1
—Z = 10x — 28x® y =3x2—7x"? y=4+4x2+x—2x"3 —x72
dx dy 3 dy 1
—— =—x"2+ 14x73 . ——=2x2+1+6x"*+2x73
d 2 dx
2.
dy
StPt= —=20
dx
a) b) c)
d = x2 4 4x71 d
& 523 yoE & e 3x246x+3
dx y_2 —4 -2 dx
1 V5 dx T 2 3x2+6x+3=0
15x*=-3=0 = «x §=»x=i? . 2x —4 = 0 oox=-—1
3 4 - _ _
x:i y = (i) _3<L):_i g x—23: y—23+— X 1(j033 0
V5 V5 ; 5 V5 23 ’
N (25,2§+2§)
5 775
+\/§ 12\/3
~— 5" 5
3.
a) b) c)
d’y d*y _ y
2 E=3OX W=2+8x3 d2_6x+6
d?y d*y
W|x=%>0: min d2y P 2|x=_1=0
d?y ﬁ|x=zé>oz> min Inconclusive, so investigate either side:
dx2 |x _% <0= max Z—z is a positive quadratic with repeated
roots, so +ve to +ve gradient:
point of inflection
4,
a) b) c)
dy y dy
— = 6x — 4 —~ =3x2 - 14 —~=3x2-1
dx x dx X X dx X
m=6(2)—4=38 (—=2)? —14(=2) = 40 Roots: x3 —x =0
x=2= y=5 m _ 1 = x(x+1DHx-1)=0
y—5=8(x—2) moTMm T 4() = x=-1,0,1
=—2 = y=-36 dy
1 Iel=1=2 = y=2(x+1
y+36=—E(x+2) x
a|x=0=_1 = Yy=-
y
a|x=1=2 = y=2(x—-1)
5.
a) b) c)
dy dy 3 _3
— =18x%+7 —~ =4 —2x7? — ==
o d X , L @ x L dx 2
y y y _3
—<0 = x*<-—— —<0= 4—-—<0 —<0= —-x2<0
dx = * 18 ax = | dx = 2*
. 1 > 3
never since x“ = 0 4= = xzsi = —<>0 = x2>0
1 1 x2
:—ESxSE,xth = x20
(as y is undefined at x = 0) (& y is only defined for x = 0)




Pure Skills Check 6: Integration 1
Record your results here:
Date Level (a/b/c) Score ( /8) Time (mins)

1. Evaluate the following indefinite integral:
a) b) c)

4
j3x+7—2x4dx fS\/E—Fdx f(2+3x)2dx

2. Evaluate the following definite integral (show your working, although you
may use the calculator to verify your answer):

a) b) )

4 23x — x3 1
f 4 + 3x3 dx f dx j44x2+x6
2 1 X . 3x

dx

3. Making use of a sketch, determine the total area enclosed by this curve, the
x-axis and the limits given:

a) b) c)
y=x%24+5x+10from |y=x(1+x)(1—x) y = x(x? + 5x + 6)
x=2tox =5. fromx =1tox = 2. fromx =—-3tox = 0.

4. Find the area of the shaded region between the two functions:
a) b) c)
y=x(4—x)andy=x|y=x3—4x+2andy=2| y =4 —x? and

T

2 0 4
v 0 1 2
: \ \—/
5




**Answers** Pure Skills Check 6: Integration 1 **Answers**

1.
a) b) c)
2 5 10 3
I=3%+7x—2%+6 Iz?x§+4x‘1+c I=j4+12x+9x2dx
=4x +6x%2+3x3+C
2.
a) b) c)
474 312 4 1 1
X X 2 1
I =|4x +—| =188 =|3x——| == I=J—x 2 +-x°dx
4 | 3], 3 1 3
_[8.2, 1 6]4_1381
I ERETRE
3.
a) b) c)
] / ]
60 2 5 |
40 \_ /—\ -2.6667
3 = -1 0
0.4167
20 1 21
121.5 -2 1
.-r-"/ -2 0
n > P n - Area = j ydx+fydx
-3 —2
Area: 121.5 6 — |i| + |_2 - 3_7
Area: |—2.25| = 2.25 12 121 12
4.
a) b) c)
Line crosses curve at: Line crosses curve at: Line crosses curve at:
x=x(4—x) 2=x3—4x+2 4 —x?=4-3x
x(1-(4-x))=0 x3—4x=0 x2—=3x=0
x=0&x=3 = x=0,x=22 = x=0&x=3
3 Line — Curve = Curve — Line =
4x —x*>dx =9

Curvezf
1 9

Line =—=(3)(3) ==

ine == (3)(3) = 5

9
Shaded Area = 9 — — 5

2

2
JZ—(x3—4x+2)dx
0

2
=f —x3+4xdx =4
0

f3(4—x2) (4 3%) dx

A 9
0

3x —x%dx ==
XXXZ




Pure Skills Check 7: Exponentials and Logs

Record your results here:
Date Level (a/b/c) Score ( /10) Time (mins)

1. Sketch the following curve, indicating the location of any asymptotes, and the
points of intersection with either coordinate axis:
a) b) c)

y=3* y =0.8" y=5x27*

2. Sketch the following curve, indicating the location of any asymptotes, and the
points of intersection with either coordinate axis:
a) b)

c)
y=3e*+4

y=5—3e %X

y=2-—e*

3. Simplify the following expression, giving your answer as a single logarithm:
a) b) c)
5log, 3 —2log, 6

log, 3 +log, 6 5log, 3

4. Solve the following equation, giving answers in exact form.

a) b) c)
32%¥ = 30 42% —5(4*)+6=0 3Xt2 = 4%
5.1f P = 40 X e%3¢ find...
a) b) c)
... the value of P when ... the value of t when ... the values of t and P

t = 10. P = 400. when £ = 100.
dt




**Answers** Pure Skills Check 7: Exponentials and Logs **Answers**

________________________

a)
40 x ¢%3%10 = 803 to 3sf

b)
400 = 40 x 93t
In10
03t =10 = ¢t =
¢ 03

~ t=7.68to 3sf

3.
a) b) c)
log, 18 log, 3° = log, 243 3% 27
log, oz = log, (T)
4.
a) b) c)
2x = logs 30 (4*—-2)(4*-3)=0 In(3**2) = In(4%)
1 1 (x+2)In3=xIn4
= — X — = = —
x—210g330 4 2= x=log,2 2 xIn3+2In3 =xIn4
Or4* =3 = x=1og,3 x(In3—1In4) =-2In3
2In3 2In3
X = or
In4—1n3 lng
5.

c)

dP
— =40 xe%3tx0.3
dt

100 = 12e%3t = ¢t =7.07
and P = 333 to 3sf




Pure Skills Check 8: Algebra and Functions
Record your results here:

Date Level (a/b/c) Score ( /10) Time (mins)
1.

a) b) c)

Divide x3 — 2x% + 4 | Divide 3x* — 2x3 + 5x2 + 5x | Divide 4x* — 1

by (x + 3). by (3x + 1). by (x2 + x).

2. Use the remainder theorem to find the remainder when...

a) b) c)
2x3 4+ 3x%+4x+5is |x*—x3+x?—x+1is |3x*+ 4x3 — xis divided
divided by (x — 2). divided by (2x — 1). by (3x + 2).

3. State the range of the function:

a) b) c)

f(x) = 2x2, f(x) =(x—3)%+4, f(x)=5—(x+1)?
—1<x<?2 x>0 —-2<x<?2

4.1f f(x) = 4x + 1, x € Rand g(x) = Vx, x = 0, find an expression for the

function below, stating the domain of your function.

a) b) c) }
ffax)

[0 gf (x)

5. Sketch the function given below, indicating the coordinates of any vertex and
the points of intersection with the coordinate axes:
a) ‘ b)
y=|x|+2

c)

y=1|3x+4|-5 }

y = 2|x + 3]




**Answers™** Pure Skills Check 8: Algebra and Functions **Answers**

1.
a) b)
x3-2x2+4=
(x +3)(x? = 5x + 15) — 41

Gx+1D3—x2+2x+1) -1

3x%* — 2x3 4+ 5x%2 + 5x =

c)
4x* —1 =
(x?2+x)(4x*> —4x+4)—4x—1

'x3—2x2+4_ '3x4—2x3+5x2+5x+1_ .4x4—1_42 bt d 4x +1
- x+3 B 3x + 1 B X tax T X+ X2 +x
x2—5x+15—i x3—x?+2x+1-
x+3 3x+1
2.
a) b) )
R=f(2)= _ 1 _ _ 2 _
2(2)* +3(2) + 4(2) + 5 R=f(3)= R=r(-3)=
=41 o v 2\* 2\° 2
@) -G +§§1> -)r1 | 3(-3) +4(-3) -(-3)
3.
a) b) c)
Ends: f(—1) =2 Ends: f(0) = 13 Ends: f(—2) =4
f(2)=8 f(k) »0ask —» o f(2)=—-4

Extrema: f(0) = 0 (min)
~ Range: 0 < x <8

Extrema: f(3) = 4 (min)

~ Range: x = 4

Extrema: f(—1) = 5 (max)
~ Range: —4<x<5

4.
a)
y—1
y=4x+1=>x=T
] x—1
y e x gives y = 2
x—1
.1 —
f TN =
x €ER

b)

gf(x) = glf(x)] =
= gl4x + 1]

vogf(x) =Vax +1
1

4x+1=20 = xZ—Z

c)

ffgx) =4(4/x+1)+1
ffg(x) =16yx +5

x>0




Pure Skills Check 9: Sequences and Series

Record your results here:
Date Level (a/b/c) Score ( /10) Time (mins)

1. An arithmetic sequence has first term 4 and common difference 2. Find:

a) b) c)
The fifth term in the The sum of the first ten The sum of terms 8 to 16
sequence, Us. terms in the sequence, S;g. | inclusive: Y184 U,..

2. A geometric series has first term 8 and common ratio 1.4. Find, to 3dp:

a) b) c)
The fifth term in the | The sum of the first ten The sum of terms 8 to 16
sequence, Us. terms in the sequence, S,. | inclusive: 22:4 U,..

3. A geometric series has first term 10 and common ratio 0.8.

a) b) c)

Find S,, the sum of Find the smallest integer k | Find )72, U,..
the first four terms. for which S, > 49.

4.

a) b) c)

fU,,1 =2U,+4, [fU,4,; =kU,+ 3, wherek |IfU,,, =0.6U, +7,
and U; = 4, find is an integer, U; = 5 and and U; = 12, find the
U,. U; = 201, find the value of k. | limit of U,, asn — oo,

5. The sequence starting 4,1,7,4,1,7,4, ... is periodic with order 3.
a) b) c)
Find the 50t term, Ug,. | Find the sum of the first | Find the value of:

100 terms, S1o- 40
2, U

r=20




**Answers** Pure Skills Check 9: Sequences and Series **Answers**

1.
a) b) )
Up=a+n-1)d Snzg(2a+(n—1)d) r2gUr = S16 — Sy

Us =4+ (4)2 =12 o
10 _16 _
S10=5 (@ +®@) |77 (8+15(2)) = 304

7
S10 = 130 S, = E(8 +6(2)) =70
S;6 —S; =304 —70 = 234

2.
a) b) )
Up = ar™ ¢ .aa-r" Y7=4Up = Sg = S;
U. — g x 144 = 208 "To1-r = 393.220 ... — 34.88
5 ' 625 o 8(1—1.4") = 358.341 to 3dp
= 30.733 to 3dp 7T 1=14
= 190.827 to 3dp
3.
a) b) c)
a(1-r") 10(1 — 0.8%) %
Sp=—— = 49 _ 3
1—r 1-038 U.=10x0.8% +
10(1 - 0.8%) 1 1TO=L>}<084+10><085+
_ 8 _ Lo 0k — - _ _
* 1-10.8 2952 . 50
~ smallest k = 18 1-08
4.
a) b) c)
U2=2(4)+4=12 U2=5k+3 Un—>LandUn+1—>L
Us; =2(12) + 4 =28 Us; =201 =k(5k +3)+3 L=06L+7
U, =2(28)+4 =60 5k% + 3k —198 =0 04L=7= L=175
k=6o0r—66 = k=6
5.
a) b) c)
Period 3, so: S; =12 40
U =U, = =Us | = Sg=33(12) = 396 Z U, = Uy + - + Usg
U49=4‘=> U50=1 = 5100=599+4‘=4‘00

r=20
20=3(6)+2=U,,=U, =1
40=3(13)+1= Uy,=U, =4
1+7+44+---+4
=(1+74+4)x7 =284




Pure Skills Check 10: Trigonometry 2

Record your results here:
Date Level (a/b/c) Score ( /10) Time (mins)

1. Indicating any asymptotes, and all points of intersection with the coordinate
axes, sketch the following:

a) b) c)

y =sinx Yy =secx y =tanx

and, on the same set of | and, on a separate set of | and, on the same set of
axes, y = COS X, axes, y = COSeCX, axes, y = cotx,

both for—m < x < 2m. |bothfor—n < x <2m. |bothfor—n < x < 2m.

2. Sketch the function, indicating clearly the location of any end points, points of
intersection with the coordinate axes, and any asymptotes.
a) b) c)
y = arcsinx Y = arccos x y = arctan x
—-1<x<1 —-1<x<1 x€ER

3. For a circle with radius 8cm, find:

a) b) c)
The area of a sector | The perimeter of a sector | The perimeter of the
with angle 1.5 rad. with angle 1.5 rad. segment formed with

angle 1.5 rad, to 3sf.

4. Solve, giving solutions either in exact form or to 2dp in therange 0 < 6 < 2m:
a) b) c)
secx =4 1+ 2cosec3x =4 2cosecx —3 =5sinx

5. Write down the standard identity linking these two trigonometric functions:
a) b) )
sin @ and cos 6 tan 6 and sec @ cot 8 and cosec 6




—— e mm mm mm wm m— m— — —
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**Answers** Pure Skills Check 10: Trigonometry 2 **Answers**

a)

12

sin(x)

-05

-1

cos(r)

b)

1.5

05

—— o - = = —

-n/2




a) c)
sin ()
3.
a) b) c)
1 1 l=r8 =8x%x15=12cm l=r0 =8x%x15=12cm
_ 2.2 _ —(Q)2
4= Zr 0 2 (8)%(L.5) P=1+42r =28cm Chord length: (cosine rule):
= 48cm? a? =8% +8%2—2(8)?cos 1.5
= a=10.906...
~ P=229cm
4,
a) b) c)
1 0<3x<6mr=~188 2 .
cosx = — 3 . — 3 =5sinx
cosec3x = — Sih X
_ (1>—1318 2 2 —3sinx = 5sin’x
X =acos{y) =+ . 2 5sin’x +3sinx—2=0
or x = 2m — 1.318 ... sin3x =3 | 2 .
= 2 sinx == or sinx = —
x =1.32 o7 4.97 3x = asin (§> = 0.729 ... 2 5
OT x — T[ _ 0.729 . Slnx == g 2 X = 0.4‘1, 2.73
Adding 27 repeatedly gives: o m 3_7T
x = 0.73,2.41,7.01, smx =-1 = 5,5

8.70,13.30,15.98

3
~x =041, 2.73,7

5.
a)
sin?@ + cos?0 =1

b)
tan’ 0 + 1 = sec? 6

c)
1 + cot? @ = cosec? 6







Pure Skills Check 11: Trigonometry 3

Record your results here:
Date Level (a/b/c) Score ( /10) Time (mins)

1. With reference to the formula book if needed, give an identity involving:

a) b) c)

sin(20) interms of | tan(26) in terms of tan 8. | cos(26) in terms of sin

sin 8 and cos 6. and cos @, and hence in
terms of only cos 4.

2. Use the standard trigonometry results for 30°, 45° and 60°, find exact values
of the trigonometric expression given. Show your working.
a) b) c)
sin(105) cos(15) tan(75)

3. Write down the range of this trigonometric function:

a) b) )
f(x) = 8sinx f(x) =4—3cosx _
x €R x€eR f(x)_5+sin2x
x €ER
4. Write down the maximum value of this trigonometric expression:
a) b) )
3sinx +4cosx 5cosx —12sinx 4sinx — cosx

5. Rewrite each expression in the form required, stating the exact value of R
and giving « in radians to 3sf.

a) b) c)
Write 3sinx + 4 cos x Write 5cosx — 12sinx | Write 4 sin x — cos x
in the form: in the form: in the form:

R cos(x — a) R cos(x + a) R sin(x — a)




**Answers** Pure Skills Check 11: Trigonometry 3 **Answers**

1.
a) b) c)
sin 20 = 2sinf cos @ _ 2tanf cos 20 = cos? @ — sin? 6
tan20 = ———
1—tanZ0 Or:
cos260 = 2cos?0 —1
2.
a) b) )
sin(60 + 45) cos(60 — 45) tan(30 + 45)
= sin 60 cos 45 + cos 60sin45 | = cos 60 cos 45 +sin60sin45 | tan30 + tan45
V3 (V2) 1(v2 _1(V2) V3 (V2 1 — tan 30 tan 45
2\ 2 2\ 2 2\ 2 2 \ 2 §+ 1
V6 +2 VZ+% =
_y>rve S S V3
4 4 1-=(1)
V343
- 3-43
=2+V3
3.
a) b) )
-8 < < <x< 2 2
8=<f(x) =8 lsx=7 Extremes:s_i_lands_1
. 1 < flx) < 1
3=/ =3
4.
a) b) c)
R=+/32+42=5 R=,524+(-12)2=13 | R=42+(-1)2=+17
5.
a) b) c)
R=5 R =13 R =+17
3sinx + 4 cosx 5cosx —12sinx 4sinx — cos x
= 5(cosx cosa = 13(cosx cosa =+/17(sinx sin
+ sin x sin ) — sinx sina) — COSX COS )
3=5sina &4 =5cosa | 5=13cosa &12=13sin® | 4 _ \{7sineg &1 = Vi7cosa
~a = 0.644 ~ a=118 ~a=133
~ 5cos(x — 0.644) ~ 13 cos(x + 1.18) 17 sin(x — 1.33)




Pure Skills Check 12: Parametrics
Record your results here:
Date Level (a/b/c) Score ( /10) Time (mins)

1. Make t the subject of the equation.
a) b) c)
x = 4e?tt! x =3In(2 —t) _2t+3

2. Find the Cartesian circle equation described by the parametric equations:
a) b) )
X = cost x =2+ cost x =5cost+ 2
y =sint y =sint —5 y =3 —5sint

3. Use trigonometric identities, including the double angle identities, to convert
the parametric equations into a Cartesian equation:
a) b) )
X =sint X = sin 2t x=1+4tant
y = cos 2t y =3cost y =2+ cost

4. State the domain and range of the curve defined parametrically by:

a) b) c)
x=t2—1 X =cost x =2+ 3sint
y=2+4t y=1-sint y=3—2cost
for0 <t <2 for0<t<m fort € R

5. Sketch the curve defined parametrically by the equations given, indicating the
coordinates of any points of intersection with the coordinate axes. :

a) b) c)
x=t2—1 X =cost x =2+ 3sint
y=2+t y=1-sint y=3—2cost
for0<t<? forO0<t<nm forte R




** Answers** Pure Skills Check 12: Parametrics **Answers**

' x = cos(t)
/ y =1 - sin(t)

r=t-Ilgcp<g
y=2+1

-1 0 1

Intercept: (0,0)

2 3

Intercept: (0,1)

a) b) c)
X X _
Z _ p2t+l Z n(2 —¢ x(1+¢t)=2t+3
égc 3 . ( ) x+xt=2t+3
ln(—)=2t+1 e3=2—t t(x —2) =3 —x
14 X 2 3 3—x
_ A t=2—e3 t =
t—z(ln(4) 1) X—2
2.
a) b) c)
x? = cos’t (x —2)%? = cos?t X—2 -y .
y? =sin?t (y + 5)% =sin?t 5 =cost & T_Smt
ax?4yi=1]a(x—22+@+5)?2=1 .(x—2)2+(3—y)2_1
" 25 25
(x—2)*+(y—3)*=25
3.
a) b) c)
y=1-—2sin%t x = 2sintcost tan’t=x—1
AN = — 2 2 — — 2 2 1
y=1-2x X 2(1 — cos t)zcos t sec? t =
2 y -2
cos t=(§)
3 3 _ 1
81x2 = 2y%(9 — y?) x_yTz
4,
a) b) c)
Domain: =1 <x <3 Domain: =1 <x <1 Domain: =1 <x <5
Range:2 <y <4 Range:0 <y <1 Range: 1 <y <5
5.
a) b) c)

-1 0 1 2 3 5 6

Intercepts: x = 0 =

2
t = asin (—§> = y=1.51

2
t=n—asin<—§> = y =449




Pure Skills Check 13: Differentiation 2
Record your results here:

Date Level (a/b/c) Score ( /10) Time (mins)

1. Find the derivative of the function...

a) b) c)
f(x) = e* + 5x2 f(x) =e?** -5 flx) =e37%

2. Find the derivative of the function...

a) b) )

y=5" y =2(3%) +4 y=7%

3. Find the derivative of the function...

a) b) )

f(x) =Inx f(x) =3In(4x) f(x) =2In(3x + 4)

4. Find the derivative of the function...
a) b)
y = sinx y = cos(3x)

c)
y = 2sinx — 3 cos4x

5. Find the derivative of the function...
a) b)

f(x) = e?* + sin3x f(x) =1n3x — 4(5%)

c)

f(x) = n(4(29))




** Answers** Pure Skills Check 13: Differentiation 2 **Answers**

1.
a) b) c)
f'(x) =e*+10x f'(x) = 2e%* fl(x) = —e37*
2.
a) b) c)
d d d
Y 5x1ns 2 2(3*1n3) A 7**(41n7)
X dx dx
3.
a) b) c)
) =~ ) = = ) =
4,
a) b) c)
d d d
—y=cosx —y=—3sin3x —y=2cosx+1251n4x
dx dx dx
5.
a) b) c)

f'(x) = 2e** + 3 cos 3x

f'(x) = % — 4(5%In5)

f(x) =In4 + In 2%
= f(x)=In4+xIn2
= f'(x) =In2




Pure Skills Check 14: Differentiation 3
Record your results here:

Date Level (a/b/c) Score ( /10) Time (mins)
1. Use the chain rule to differentiate...
a) b) )

y = g3%°+5 y = cos(2e¥) y = In(sin(2x))
2. Use the product rule to differentiate...
a) b) c)

f(x) =e*cosx f(x) = x%sinx

f(x) = cos(3x) sin(2x)

3. Use the quotient rule to differentiate...
a) b)

X e

Y Y= 1—Inx

X

y =tanx

4. Differentiate both sides of the given equation implicitly with respect to x:

a) b)
x?+2y* -3y =4

5x — 2xy = 3e”

c)
sinx cosy = In(y)

: . d .
5. Find an expression in terms of t for d—z for the parametric curve:

a) b)
_3 x = 3cos?2t
X=7 y = 4sin 5t

y=2t*+1

c)
x = e3t
y = In(1 + 2t)




** Answers** Pure Skills Check 14: Differentiation 3 **Answers**

1.
a) b) c)
d d d 2 cos 2x
& (6x)e3%°+5 & _pex sin(2e*) & : = 2 cot 2x
dx dx dx sin 2x
2.
a) b) c)
f'(x) = e*(—sinx) + e*(cosx) | f'(x) f'(x)
= x2 cosx + 2x sinx = cos(3x) (2 cos(2x))

= e*(cosx — sinx)

= x(x cosx + 2sinx)

+ (—3sin 3x)(sin(2x))

= 2coSs3x cos 2x
— 3sin 3x sin 2x

3.
a) b) c)
dy dy sinx
dx dx y =
=2xsinx—x2cosx (1—1nx)ex—ex(—1) _ @ cos X
sin? x = X dx
(1 —-Inx)? _ cosx (cosx) —sinx (—sinx)
B cos? x
(1—lnx+1)ex _cos’x+sin®x 1
= d-m x))cz B cos? x  cos?x
= sec?x
4.
a) b) c)
dy ,dy y dy dy
CAN Dt — 7 — 30Y L | i —sinv—2=
2x + 4y dx 3 dx 0|5—-2 (x g + y) 3e dx smx( siny dx) + cosx cosy
_lady
 ydx
5.
a) b) c)
dx dx _ dx
e —3t~2 i —6sin 2t I 3e3t
dy dy dy 2
— =4t — =20 5t — =
dt at " dt ~ 1+2t
dy 4t 4¢3 dy 10 cos 5t dy 2
= — _ - - = A
dx —3t2 3 dx 3 sin 2t dx 3e3t(1+2t)




Pure Skills Check 15: Numerical Methods
Record your results here:

Date Level (a/b/c) Score ( /8) Time (mins)
1. For the function f(x) = sinx — In x:
a) b) )

Show that f has arootin | If f(a) = 0, show that a | If f(a) = 0, show that

the interval [2, 3].

is 2.2, correct to 2sf.

is 2.22, correct to 3sf.

2. Use a graphical method to determine the total number of roots for:

a)
sinx —Ilnx =0

b)

x3—cosx =0

c)

1
x*—6x+9—-——=0

X

3. For the equation e%*

a)

Show that the
equation can be
rewritten in the
form x = In(g(x))
where g(x) is a
function to be
found.

—x—4=0:

b)

Use the formula
Xns1 = In({x, +4)
with first
approximation x; =
—2 to find the
values of x, and x5
to 3 decimal places.

c)
Use this diagram to explain why

Xp+1 = ln(,/xn + 4) can be used

with x; = —1 to find a root:

1

S

0.5

05 1

4. Using the Newton-Raphson process, with formula x,,,1 = x,,

a)
Starting with x; = 3,
find, to 3sf, the next

approximation for a root
of f(x) = sinx — In x.

b)
Starting with x4

= —4,
find, to 3sf, x3, the third
approximation for a root
of f(x) = tanx — e*.

_ Sl

f’(xn).
c)
Explain the issue with
using this method with
a value close to a

stationary point.




** Answers** Pure Skills Check 15: Numerical Methods **Answers**

1.
a)
f(2)=021..>0
f(3)=-095..<0
Change of sign, and f is
continuous,
~ rootin [2,3].

b)

f(2.15) = 0.071...>0
f(2.25) = —-0.032...<0
Change of sign, and f is
continuous,
~a=2.2to 3sf.

c)

f(2.215) = 0.004...> 0
f(2.225) = -0.006...< 0
Change of sign, and f is
continuous,

~a = 2.22to 3sf.

A

-2

Roots correspond to

b)
Roots correspond to crossing

pointsof y = x3 and y =
cos x. According to the graph,

crossing points of y = sinx
and y = Inx. According to
the graph, they cross exactly

they cross exactly once, so
exactly one root.

once, so exactly one root.

Sincey = (x — 3)% and
1 .

y = _cross three times,

there must be 3 roots.

3.
a) b) c)
e’ =x+4 x, =In(vV=-2+ 4) —
2x =11n(x +4) = 0.347 to 3dp _
X = Eln(x +4) (\/ )
x3 = 1In(v0.347 ...+ 4
x =In(vx + 4
( ) = 0.735 -1 -05 05 1
4,
a) b) c)
I — 2 _ X _ i
F/(x) = cosx — = f'(x) = sec x_4e If Newton Raphson is u§ed
X -4 f(=4) close to a stationary point,
o =3 — f(3) 2 f'(—4) the tangent line will be close
z f'(3) B -117.. 3.49 to horizontal, meaning its x-
3 —0.95 ... DV axis intercept may be a long
-1.32.... — (—3.49 f(=3.49..) way from any root.
X, = 2.28 to 3sf xz = (=3. ) = (=349 ...)
= —3.13 to 3sf




Pure Skills Check 16: Integration 2
Record your results here:
Date Level (a/b/c) Score ( /10) Time (mins)

1. Evaluate the indefinite integral:
a) b) c)

1
fx2+sinx dx fex—cosllx dx j—+e3x dx
X

2. Evaluate the indefinite integral:
a) b) c)

X
f3tan 4x dx fZ sec? (5) dx jcot 3x —2secx dx

3. Find the exact value of:
a) b) c)

T

L3 21 L

4 2 3.
j tan? x dx f cos®x dx j sin x cos x dx
0 ” 0

4. Evaluate the indefinite integral:

a) b) )
6 N 3 2
f(4x + 5)° dx f 1—2xdx 5 2 dx

5. Evaluate the indefinite integral:
a) b) c)

1
j e®xX*7 dx j sin 2x — cos 3x dx j + 2% dx
3 —2x




**Answers** Pure Skills Check 16: Integration 2 **Answers**

x3

I =——cosx+C

3

b)

1
I=ex—Zsin4x+C

c)

1
I = In|x]| +§e3x +C

2.
a)

b) c)

3 X 1
I = Zlnlsec(4x)| +Cc | I=6tan (g) +C | 1= §ln|sin(3x)| — 2In|secx + tanx| + C

3.
a) b) c)
n 2m 1 T
* I=| =cos2x+=d 31
sz sec?x —1dx = 5 C0S 2X X sz —sin 2x dx
0 T 0 2
n 1 1 1 n
_ 1% — =g - 3
I'=[tanx —x] ! [4sm2x T Zx I = [_ZCOS Zx]
0

1=(1—%)—(0)=1—% 1=(n)—(%)=

-@-9-3

4,
a) b) )
7 1 1
=(4x:7l-5) %+C 1=J(1—2x)5dx I=J3(5x+2)_§—2x_2dx
7 3 1
:(4x+5) 1—(1_2x)§><1+c _3(5x+2)§X1 2x—1+C
28 = (§) = = (1) 5 —1
) 2
3 6 1
- —202 I=z(Gx+2)2+2x7" +C
B 3
5.
a) b) c)
o 6x+7 1 1 2%
- | = —=cos2x — =si = -3 - Tno
I - +C 2cos X 3sm3x+C I 2ln|3 2x|+1n2+C




Pure Skills Check 17: Integration 3

Record your results here:

Date Level (a/b/c) Score ( /8) Time (mins)
1. Use partial fractions to evaluate:
a) b) )
f 6 q x+1 i j 1 g
G+2)x-1 x+Daz -1

2. Use inspection or substitution to evaluate:

a)

J 2x + 3 q
x2+3x+7 x

b)

2sinx
[Zsnx g,
cosx — 4

c)

f cos x sin3 x dx

3. Use the substitution given to evaluate the indefinite integral:

a)
jxm dx

Usingu =3 —x

b)

X
— dx
fm

Usingu =2x + 1

c)

dx

7=

Using x = cosu

4. Use Integration by Parts to evaluate the indefinite integral:

a)

jxsinx dx

b)
jx3 Inx dx

c)
f 2xe3* dx




**Answers** Pure Skills Check 17: Integration 3 **Answers**

b)
3
(x+2)(x— 1)

oS

x+2
B

x—1
3=A(x—-1)+B(x+2)
x=1= 3=3B
x=-2 = 3=-34

1 1

sz_x+2+x—1
—In|lx+2|+In|x—-1]+C

dx

c)

x+1

(2x + D(x — 2)2

__A B C

T 2x+1 x  «x?
x+1=Ax?>+Bx(2x + 1)
+C(2x+1)

x=0= 1=C

1 1 A

= —— - = —

X=T2T 27,

x% coeffs: 0=A+ 2B

J

1 1
—+— dx

X X
-1

2
2x+1

I

1=A(x—-1)+B(x+1)

x=1= 1=2B
x=-1= 1=-24

-

1
(InJx =1 =In|x+ 1) +C

1
x+1D(x-1)
A B

x+1 x-1

1

@,

x—1

(

x+1

(-2)

X
x—1 I=ln|2x+1|—1n|x|+—1+C 2
I=1n| |+C - 1 x—1
1—11’1| |—;+C an+1
2.
b) c)

a)
[=In|x*+3x+7|+C

I =2In|cosx — 4|+ C

1
I =—sin*x+C

du

-1 = dx =—-du

dx
I=—f(3—u)\/ﬂdu

3 1
=

uz — 3uz du

dx

-
-

2 3

u—1
2
Vu

1

(=)

1

1

2du

uz —u 2du

du
—=2= dx =2du

c)

dx _
— = —sinu
du
—sinu
I = - du
sinu

sz—ldu

:———+C _ 2 =
5 3 [ =-zu2—-2uz+C
2 2 3 = —
2 (2) (2) 2( )Z ( )1 II a? :_og
> 3 [=-Q2x+1)3-2(2x+1)z24+(C | { = —arccosx
I—E(B—X)Z—Z(g—X)Z‘FC 3 +C
4.
a) b) c)
_dv _1 av. _5 av. .
du—x dx—smx u—nxdx—afL :— xdx—le
u du 1 X u
—=1 = — _— = - = — _=2 = —e3%
I v Cos X =L V=7 I v 3e
x4 x3 2 2
| = —xcosx — | —cosx dx Izzlnx_jz dx I=§xe3x—f§e3xdx
I =—xcosx+sinx+C x4 x4 2 2
=7 Inx——+C I=zxe¥ —ge¥ +C




Pure Skills Check 18: Vectors
Record your results here:

Date Level (a/b/c) Score ( /8) Time (mins)
1. Calculate:
a) b) )

The distance between
(3,2,—4) and (2,-1,5).

The magnitude of vector

The magnitude of ﬁ, if:

. 4
o= (=3).
7

0A=3i+j-2k
OB =2i—k

2. Find:
a) b) c)
a + 2b where Find p and q such that: Find p and g such that:
a=3i—-7j+k —5 q —2 p 3

b =2j+ 3k ( 3 ) -3 (—2) = ( 9 ) <q> is parallel to (—1)

14 4 —8 3 —6

3.
a) b) c)

Find the unit vector
d in the direction of:

- (3)

Find the magnitude of the

a mass of 4kg under the
influence of these forces:

() =)

T

acceleration experienced by

Find the angle made by

2
the vector (—2) with

1
the positive j direction in
degrees to 1 decimal
place.

4. What quadrilateral would ABCD be if:

a)

|AB|
and

|BC|

[cB| = o4

b)
45| = k[D)




** Answers** Pure Skills Check 18: Vectors **Answers**

1.
a) b) 3
[G=rea—rra-er| i =1 )-( ¢
N 2
AB=1| 1
\-1
|AB| =3
2.
a) b) 9
a+2b _5_3q=_2 » 3 p=3k
3 0 3+46=9 <q>=k 1] = q=—
1 3 3 . g=—1
_<_3> k 2 =D > and q
7
3.
a) b) 9
- 8 la| cos(8,) = -2
=J(=2)2+92+ (52| F=T+W={ 4
=110 —20 5
2 COS(Hy):_
V110 s
" \/9 R 6,)= -2 = 6,=1318°
a= 110 J2Z+ 12 + (=5)2 cos( y)__§:> = |
5 = /30 ms™2
110
4.

a)
Two pairs of adjacent
equal-length sides: Kite

b)
One pair of parallel sides:
Trapezium

c)

Opposite sides equal and parallel:
Parallelogram.

Note: the other two sides are
automatically also equal and
parallel in this case.




A-level Maths Mechanics Skills Checks

Applied Maths: Mechanics

What they’re for

These questions are designed to help you build fluency and confidence with some of the
most common techniques and methods of A-level Maths.

One of the most common reasons students struggle to achieve a decent grade is that they
get stuck on the early parts of a question and then can’t access the big ticket items that
follow on. If you often get stuck at the start of a question, or don’t feel confident with the
key skills required within a topic, you should find these skills checks particularly beneficial.

How to use them

You’re welcome to make use of these questions any way you see fit, but they are designed
to fit into a little-and-often revision schedule. Research suggests you’ll be more effective
working in 25 minute bursts, with 5 minute breaks in between. Each skills check is designed
to be easily doable within this time.

First, choose 5 skills checks to focus on. If in doubt, go with the first five topics.

During a 25 minute revision block, try the following:

e Grab the first skills check from your set of 5 to tackle.

e Choose your difficulty level (a: easy, b: moderate, c: hard).

e Complete all the questions for your chosen difficulty level. Time yourself.

e Check your answers, make a note of any errors or misconceptions and look up (or ask
a friend or teacher about) anything that doesn’t make sense. Pay particular attention
to common slips, where your method is valid, but you make a daft numerical or
algebraic error. What can you do to avoid them, or find and fix them before finishing
a question?

e Jot down your score (1 point for a substantially correct method, 2 points for correct
method and fully correct answer for each question) and the total time.

e Put your skills check sheet at the bottom of the pile of 5 to revisit later.

After you’ve worked your way through all five sheets, you’ll start to revisit them:
e Whenever you revisit a skills check, choose a harder difficulty level. Once you can
confidently do all three (a, b and c), focus on speed and efficiency - start looking for
ways to save time without compromising your accuracy.

Once you’ve mastered a particular skills check to your satisfaction, set that sheet aside and
add a brand new one to your pile of five.

Important:

These skills checks alone won’t improve your problem solving or mathematical modelling
skills — they are the building blocks you need, but on their own they are not enough. Once
you feel you have mastered a particular topic’s key skills, find some proper A-level Maths
exam questions and work on applying your skills to them.
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Mechanics Skills Check 1: Modelling with Mechanics

Record your results here:
Date Level (a/b)

Score ( /8) Time (mins)

1.

a)

In the context of a mechanics
question, what does it mean for
something to be modelled as a
‘particle’?

b)

What are the implications of
modelling an object as a ‘particle’ in
the context of a problem involving
motion?

2.
a)
In the context of a mechanics
guestion, what does it mean for
something to be modelled as
‘smooth’?

b)

What are the implications of
modelling the pulley as ‘smooth’ in
the context of a connected particles
problem?

3.
a)
In the context of a mechanics
qguestion, what does it mean for

something to be modelled as ‘light’?

b)

What are the implications of
modelling the string as ‘light’ in the
context of a connected particles
problem?

4,
a)
In the context of a mechanics
qguestion, what does it mean for an
object to be modelled as a ‘uniform
rod’?

b)

What are the implications of
modelling the ladder as a ‘uniform
rod’ in the context of a moments
problem?




**Answers** Mechanics Skills Check 1: Modelling with Mechanics**Answers**

1.
a)
The dimensions (length, width and height)
of the particle are ignored, or considered to
be negligible compared to the other
distances involved in the problem.

b)

Any forces acting on the object can be
considered to all act at the same point
(therefore there is no moment on the
object), and if the object comes into
contact with a surface (eg dropping a ball
onto the ground) it is assumed that the
centre of mass reaches the surface.

2.
a)
Friction is ignored, or assumed to be zero.

b)

The tension in the string can be assumed to
be the same on both sides, whereas if
friction were acting, it would resist motion,
increasing the tension required for motion
on one side of the pulley.

3.
a)
The mass (and therefore weight) of an
object is ignored, or assumed to be zero.

b)

If the mass of the string is ignored, we can
assume that the only forces causing motion
are the weights of the objects suspended by
the strings, so acceleration is constant on
each side (rather than increasing as more
string ends up on one side of the pulley).

4.

a)

The object is assumed to have length only
(no width or height), and its mass is
assumed to be evenly distributed
throughout its length.

b)

The centre of mass can be assumed to be in
the centre of the object. Forinstance, a
ladder of length 4 metres can be assumed
to have its centre of mass 2 metres from
each end.




Mechanics Skills Check 2: Constant Acceleration

Record your results here:
Date Level (a/b) Score ( /8) Time (mins)

1.
A train starts from rest, accelerates at a rate of 0.8ms ™2 for 30s, continues at a
constant speed for a further 10s and then decelerates to rest over 20s.

a) b)
Sketch the velocity-time graph for the | Calculate the acceleration
motion described. experienced by the train during the

final 20 seconds of motion, and the
total distance covered during motion.

2.
A ball is thrown in the air from ground level with an initial speed of 20ms™1.

Assuming air resistance is negligible, and taking g = 10ms 2,

a) b)

Sketch the velocity-time graph for the | Calculate the total distance travelled
first 3 seconds of motion. by the ball during this time.
3.

A motorbike, initially travelling at 22ms ™!, accelerates forwards at a rate of
4ms~?2 for 3 seconds.

a) b)

How fast is it moving at the end of the | How far does it travel during the 3
3 seconds? seconds?
4.
A football is kicked vertically upwards at 30ms~1. Taking g = 9.8ms~?,

a) b)

How long does it take for the ball to What is the maximum height reached
return to its initial height? by the ball?




**Answers** Mechanics Skills Check 2: Constant Acceleration **Answers**

t(s

b)
Speed decreases from 24ms ™! (since
0.8ms™? x 30s = 24ms~1) to Oms ™!

(since ‘decelerates to rest’) in 20s,

.. —24 _
therefore acceleration is o = —1.2ms 2.

Displacement is given by the area under the
graph (and since all in the forwards
direction, distance = displacement, so:

1 1
s = 5(30 x 24) + (10 x 24) +§(20 X 24)
= 840m

b)
Displacement during the first 2 seconds:

1
5 (2% 20) = 20m

Displacement during the next 1 second:

1
5 (1% ~10) = ~5m

Separating motion into phases where direction
doesn’t change allows us to find the sum of the
separate distances (the magnitude of
displacement): |20| + |—-5| = 25m.

3.
a) b)
S = v=u-+at s =? Ut 4 = at?
u =22 v=22+4x3 u =22 ST utToa
v =? v = 34ms™! v = _ 1 2
V-1 i s=22x3+(H@)
t = t=23 s =84m
4,
a) b)
s = _ 1, s =? v? =u®+ 2as
u =30 §=ut+-at u =30 0 =900 — 19.6s
o= 0 = 30t — 4.9¢2 v = 900
a=-98 t(30—4.9t)=0 a=-9.8 5—19.6—46mt02sf
t =7 t =0 (start of motion) =
or t=E=6.1ms‘1 to 2sf




Mechanics Skills Check 3: Forces and Motion

Record your results here:

Date Level (a/b) Score ( /8) Time (mins)
1.
a) b)

A lorry of mass 3 tonnes accelerates
along a horizontal road at a rate of
1.5ms~2. If the lorry experiences
resistive forces totalling 4000N, what
is the motive forwards force provided
by the engine?

A lift is pulled upwards by a cable with
tension 5000N. If the resulting
acceleration is 0.5ms ™2, what is the
mass of the lift?

2. A ski-lift chair of mass 200g is initially pulled along by a cable inclined at an

angle of 15° to the vertical.
a)
What is the tension in the cable?

b)
What is the initial forwards
acceleration of the chair?

3. An object is at rest on a rough inclined plane angled at 8° to the horizontal.

a)
If the object is on the point of slipping,
and 8 = 35°, find u to 3sf.

b)

If the object has mass 1kg, and is
slipping down the slope which is
inclined at an angle of 40°, when u =
0.4, find the acceleration.

4. The force F is defined by the vector F = 5i — 2j where i and j represent unit
vectors in the directions East and North respectively.

a)
Find the magnitude of F.

b)

Find the direction of the force F,
giving your answer as a bearing
measured clockwise from North.




** Answers** Mechanics Skills Check 3: Forces and Motion **Answers**

1.
a) b)
m = 3000 kg F =5000 —mg
a=15ms™? m=m
F = M; — 4000 a=205
F=ma = M;—4000=3000X 1.5 F=ma = 5000—mg =0.5m
M; = 4000 + 4500 = 8500N 5000 = (0.5 + g)m
_ 2000 490kg to 2
0544 ~ g to 2sf
2.
a) b)
Resolving vertically T: Resolving horizontally —:
T cos 15 = 200g F =ma

_200g

cos 15

~ 2000N to 2sf

T sin15 = 200a

(using result from a):

200g . 15 = 200
coslSSlrl B @

a=gtanl5 = 2.6ms~

2

Resolving perpendicular to the slope:

b)
Resolving perpendicular to the slope:
R =1gcos40

Resolving down the slope:
1gsin40 — E. = ma

F. = 0.4R so:

R =mg cos 35 gsin40 — 0.4g cos40 = 2a
Resolving parallel to the slope:
F. = mgsin 35 ) _ _2
Limiting equilibrium, so E. = uR: - a=1.65ms
_Fr_mgsin35_t 35
H=7R ~ mgcos35 an
~ 0.700 to 3sf
4.
a) b)
e2 1 7 o2 N
|F| =4/5%+ (_2)2 a = tan~! (é)
=29 Newt >
ewrons a bearing =90 + «a
2 =111.8°




Mechanics Skills Check 4: Moments
Record your results here:
Date Level (a/b) Score ( /6) Time (mins)

Drawing force diagram for a basic ladder scenario
Linking forces through moments and resolving for said ladder

1. Find the net anti-clockwise moment about the point A in the diagram:

a) b)
30N
10N

A 3m 2m B A 5m 1m 4m B

15N

30N 20N
2. R
A uniform rod of mass 10kg and im )
length 6m is supported 1m from one 4 n sm B
end, and held in equilibrium by a A
counter-weight of mass M on that end Mg
as shown.
10g

a) b)
Find the value of M. Find the value of R.

3. A uniform ladder of mass m kg and length 2a metres leans against a smooth
vertical wall, resting on rough horizontal ground at 75° to the horizontal.
a) b)
Draw a complete force Calculate the minimum coefficient of friction
diagram for the ladder. required for the ladder to remain in equilibrium.




** Answers** Mechanics Skills Check 4: Moments **Answers**

1.
a) b)
Moment =1 force X distance Moment =1 force X distance
=10x3—-30x5=—-120Nm =30X6—-20Xx5=80Nm
2.
a) b)
Taking moments about the support point: Taking moments about the end point A:

Mgx1=10g X 2
M =20kg

Rx1=10g x 3
R =30g Newtons
Note: If you already know the value of M,
you can resolve forces vertically and use

R = Mg+ 10g.

b)

Taking moments about the base:

S(2asin75) = mg(acos75)
mg

S = 2tan75
Resolving horizontally:
E.=S§
Resolving vertically:
R =mg
If the ladder is on the point of slipping:
F. = uR
E.=S§= g d R=
r=° T 2tan75 -mg
mg
2tan75 Hmg

= =0.14to 2
K 2tan75 0 2sf




Mechanics Skills Check 5: Projectiles

Record your results here:
Date Level (a/b)

Score ( /8) Time (mins)

1. A toy car is launched horizontally from a tabletop which is 0.8m high.

a)

If the initial speed is 10ms~1,
calculate the time of flight, and the
horizontal distance covered by the car
during motion.

b)
If the horizontal range is 3m, calculate
the initial speed of projection.

2. A ballistic missile is launched from level horizontal ground with initial velocity
200ms ™1 at an angle of 50° to the horizontal.

a) b)
Calculate the overall

Calculate the maximum height reached by the

horizontal range of the missile. | missile, and state its speed at this moment.

3. An arrow is fired forwards and downwards with a speed of 40ms~! at an
angle of 30° below the horizontal, from a high building. Given that the arrow

lands exactly 4 seconds later, calculate:
a) b)
The height of the building.

The speed and direction of the arrow at the

instant just before it lands.

4. A football, a golf ball and a frisbee are all projected from a given point with
the same initial speed and in the same direction.

a)

What are the key modelling
assumptions made when treating the
motion of these objects as projectiles?

b)

Which of the three objects is most
likely to follow a trajectory closely
matching perfect projectile motion?
Which is least likely to do so?
Justify your answers.




**Answers** Mechanics Skills Check 5: Projectiles **Answers**

1.
a) Vertical motion: Horizontal motion: | b) Vertical motion:
s=-0.38 v=10 (see part a: working is identical,
u=20 X = . |16
v = . _ [ leadingtot = \/;)
a=-—g g
t= ) Horizontal motion:
s = ut + - at? x=vt v=
2 x =3
—0.8=—gt2 x =4.0mto 2sf fo |18
1.6 ’ K
= | == = X
\/; 0.40s to 2sf v=o= 7.4ms~ ! to 2sf
2.
a) Vertical motion: Horizontal motion: | b) Vertical motion:
s=0 v = 200 cos 50 s=h
u = 200sin 50 X = u = 200sin 50
v = t=4005in50 v=0
a=-—g 9 a=—g
t = ; t =
1 xX=v v? =u? + 2as
_ 242
s=ut+oat 0 = (2005in50)% — 2gh
0 = 200 sin 50t—gt2 x =4019.6.. h =1200m to 2sf
400 sin 50 2 Since, at this point, vertical speed is
= — = 4.0km to 2sf zero, all speed is horizontal:
g speed = 200 cos 50 ~ 130ms™!
3.
a) b)
s=-—h s =—80—8g
u = —40sin30 = —-20 u = —40sin30 = -20
V= V=
a=-g a=-g
t=4 t=4
1 = = — —_ — —
S = ut + = at? v=u+at 20 —4g 59.2
2 speed = 1/ (—59.2)2 + (—20)2 = 62ms~! to 2sf
—h = —80 —8g 592
h =80+ 8y angle = tan™! (W)
= 158.4 or 160m to 2sf ~ 71° below the horizontal (to 2sf)
4,
a) b)

Gravity is the only force acting.
le, no air resistance, wind, spin,
etc. The object is modelled as
a particle (zero size).

The golf ball will behave most like a true projectile —it’s
small, dense and designed to be aerodynamic, so air
resistance, spin and wind will have the least effect. The
frisbee will be least like a projectile —it is large and light,
designed for lift, and will be affected more by the air.




Mechanics Skills Check 6: Variable Acceleration

Record your results here:
Date Level (a/b)

Score ( /6) Time (mins)

1. The position r of a particle at time t seconds is given by r = 12t — t3, t > 0.

a)

Find the velocity, v ms™1, at time t
seconds, and hence determine when
the particle will be instantaneously at
rest.

b)

Find the acceleration, a ms™<, at time
t, and hence determine, if the mass of
the object is 20kg, when the force
experienced will first exceed 100N.

2

2. A particle starts from rest, and is subjected to a variable acceleration in a
straight line given by: a = 3cost —sint, t = 0.

a)
Find the velocity of the particle after
seconds have elapsed.

b)

Find the displacement of the particle
from its starting point after 2n
seconds have elapsed.

3. The velocity of an object at time t seconds after motion begins is given by:
_ [3t + 2t?

v =
4

a)
Find the acceleration of the particle
after 16 seconds have elapsed.

Ve

b)

If the particle is at the point A at the
start of motion, and at the point B 5
seconds later, find the distance AB.




** Answers** Mechanics Skills Check 6: Variable Acceleration **Answers**

1.
a) b)
r=12t —t3 . dv d?*r
dr T
v=gp=12-3¢ p=12-300 = = 61
v=0 when 12—-3t>=0 = t =42 F =ma = 20 x (—6t)
Since t = 0, it will be at rest when t = 2. 100 = [—120¢|
100 5
= t—m—g—0.8335t03sf
2.
a) b)
a =3cost —sint v=3sint+cost—1

v:jadt=35int+cost+C

t=0 = v=0 so: x=jvdt=—3cost+smt—t+€

0=3sin0+cos0+C = C=-1 Since we want displacement relative to its
starting position, let x = 0 att = 0. Then:
~ v=3sint+cost—1 0=-3cos0+sin0—-0+C = C=3

x=-3cost+sint—t+ 3

a) b)
3+ 4t 3t 2t3
a:d—vz 1 _1 _+_+C1
dt  |-=t2 x=|vdt=|2 _3
2 2 3
4t—§t2+C2
3 +4(16) Let A be the starting point. Then:
t=16 = a= 1(16)_% 3(5)2 | 2(5%)
- 2 AtB:t=5= x=| > %,
L] O
—0.125. [ 725 }
B — 6 E—
AB = = |AB|=121mto 3
60 — 10v/5 [45] mto3sf
3




A-level Maths Statistics Skills Checks

Applied Maths: Statistics

What they’re for

These questions are designed to help you build fluency and confidence with some of the
most common techniques and methods of A-level Maths.

One of the most common reasons students struggle to achieve a decent grade is that they
get stuck on the early parts of a question and then can’t access the big ticket items that
follow on. If you often get stuck at the start of a question, or don’t feel confident with the
key skills required within a topic, you should find these skills checks particularly beneficial.

How to use them

You’re welcome to make use of these questions any way you see fit, but they are designed
to fit into a little-and-often revision schedule. Research suggests you’ll be more effective
working in 25 minute bursts, with 5 minute breaks in between. Each skills check is designed
to be easily doable within this time.

First, choose 5 skills checks to focus on. If in doubt, go with the first five topics.

During a 25 minute revision block, try the following:

e Grab the first skills check from your set of 5 to tackle.

e Choose your difficulty level (a: easy, b: moderate, c: hard).

e Complete all the questions for your chosen difficulty level. Time yourself.

e Check your answers, make a note of any errors or misconceptions and look up (or ask
a friend or teacher about) anything that doesn’t make sense. Pay particular attention
to common slips, where your method is valid, but you make a daft numerical or
algebraic error. What can you do to avoid them, or find and fix them before finishing
a question?

e Jot down your score (1 point for a substantially correct method, 2 points for correct
method and fully correct answer for each question) and the total time.

e Put your skills check sheet at the bottom of the pile of 5 to revisit later.

After you’ve worked your way through all five sheets, you’ll start to revisit them:
e Whenever you revisit a skills check, choose a harder difficulty level. Once you can
confidently do all three (a, b and c), focus on speed and efficiency - start looking for
ways to save time without compromising your accuracy.

Once you’ve mastered a particular skills check to your satisfaction, set that sheet aside and
add a brand new one to your pile of five.

Important:

These skills checks alone won’t improve your problem solving or mathematical modelling
skills — they are the building blocks you need, but on their own they are not enough. Once
you feel you have mastered a particular topic’s key skills, find some proper A-level Maths
exam questions and work on applying your skills to them.



A-level Maths Skills Checks
Statistics Maths
Contents

. Sampling techniques & Large Data Set

. Measures of location and spread

. Representation of data

. Statistical distributions

. Hypothesis testing

. Regression, correlation and hypothesis testing

. Venn diagrams, tree diagrams and conditional probability
. Normal distribution
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Statistics Skills Check 1: Data collection
Record your results here:
Date Level (a/b) Score ( /5) Time (mins)

1. Know key terms in data collection
a) b)

Give definitions for the following: State an advantage and a disadvantage
population, census, sampling frame, | of a census and a sample.

sample.

2. Know and describe sampling techniques

a) b)

List the 3 random and the 2 non- Describe each of the 5 sampling
random sampling techniques on your | techniques .

spec.

3. Know types of data
a) b)
Is the following data quantitative or | Give one similarity and one difference
qualitative? Red, orange, green, blue. | between discrete and continuous data

4. Remember measures from Large Data Set

a) b)
What are the measures recorded for | What do the following units measure?
the non-UK countries? oktas, kn, Dm

5. Place the 8 locations on your large data set on the map below




** Answers** Statistics Skills Check 1: Data collection
** Answers**

1.
a)
A population is the whole set of items that are
of interest. A census observes every member of
a population. A sampling frame is a list of
individually named/numbered sampling units.
A sample is a selection of observations taken
from a subset of the population.

b)

Advantages: Census should give an
accurate result. Sample is less time
consuming and less expensive.
Disadvantages: Census can be time
consuming and expensive. Sample may
not be representative of population.

2.

a)

Random: simple random, systematic,
stratified.

Non-random: quota, opportunity.

b)

Simple random: Allocate each population member a
number then use a random number generator to
generate desired sample size then choose member that
corresponds to numbers generated.

Systematic: select members of population at regular
intervals

Stratified: population is divided into groups and a
random sample is taken from each

3.
a)
Qualitative, does not involve numbers

b)

Similarity: both quantitative

Difference: discrete can only take certain
values whereas continuous can take any
value

4.

a) Daily Mean Air temperature, Rainfall (24
hour total), Daily mean pressure (hPa), Daily
mean windspeed, Daily mean windspeed
(Beaufort conversion)

b)

oktas daily mean total cloud

kn knots daily mean windspeed
Dm decametre daily mean visibility

o »———Beijing

Northern hemisphere

_______________________________________

“Southern hemisphere

Perth—e_—.

5.
e— | euchars
. Jacksonville ~——e

N =—— Leeming 5.
e

S o——— Heathrow
Camborne —s* T

Hurn




Statistics Skills Check 2: Measures of location and spread

Record your results here:
Date \ Level (a/b/c) \ Score ( /4) \ Time (mins)

1. Recall the measures of location and spread and how to calculate them

a) List three measures of | b) Give the formula for | c) How do you calculate
location and three calculating mean lower quartile and upper
measures of spread quartile?

2. Understand IQR and IPR and what variance measures
a) Describe the difference between | b) Find the formula for calculating
interquartile range and standard deviation in the formula
interpercentile range booklet and describe what variance is

3. Use and understand coding: be able to calculate measures of coded data

a) b) 20 giant ibises were caught for

i) Code the data below using the ringing. Their wingspans (y cm) were

coding y = x8_‘07 recorded to the nearest centimetre and

807 967 727 167 207 767 the data coded using z = yl_—OS. The

ii) Calculate the mean of the coded | following summary statistics were

data values obtained from the coded data:

iii) Use your answer to part ii to Y>z=104,5,, =1.8

calculate the mean of the original Work out the mean and standard

data deviation of the wingspans of the giant
ibises.

4. Use interpolation to find MOL and MOS

a) Rachel records the number of | b) A hotel is worried about the reliability of
CDs in the collections of students | its lift. It keeps a weekly record of the

in her year. The results are in the | number of times it breaks down over a

table below. period of 26 weeks. The data collected is
Number of CDs | Frequency summarised in the table below. Use
35 3 interpolation to estimate the median
36 17 number of breakdowns.
37 29 Number of Frequency
38 34 breakdowns
39 12 fa -
Find Q, Q, and Q53 ; ﬁ 1'




** Answers** Statistics Skills Check 2: **Answers**

1.
a) MOL: mean, mode, b) % = 1X o7 =2* .05 | c) Forlisted data, divide n
median by 4 to find lower quartile
MOS: standard deviation, frequency table and multiply n by % for
variance, interquartile upper quartile
range, range

2.
a) IQR is upper quartile minus lower quartile | b)

whereas interpercentile range is the
difference between two percentiles

. ,s f 2
standard deviation = % or ZTx — X2

Variance measures how far each number
in the dataset is from the mean (and
therefore every other number in the
dataset)

3.
a)
i) Using the coding given, data becomes

10 12 9 2 25 95

104+12+9+2+2.5+9.5
= - =75

iii) Code is subtract 7 from original data then
divide by 80. So the original mean would be

reversing that process
7.5 X80+ 7 =607

ii) &

b)
Coded mean = % =52

Originalmean =5.2 X 10+ 5 =57cm

Coded standard deviation = \/% = 0.3
Standard deviation = 0.3 X 10 = 3

4.

a) Q; = 24th value so 37
Q, = 48th value so 37
Q5 = 72nd value so 38

b) median value is the 13" value, this is

in the first class
m-—20 13-0

15—0 18-0

m =1.08




Statistics Skills Check 3: Representations of data

Record your results here:
Date Level (a/b/c) Score ( /5) Time (mins)

1. Define what an outlier is

a) In your own words, b) If the exam question | c) What is the difference
define an outlier. doesn’t define what an | between an outlier and
outlier is, what is the an anomalous result?

typical definition?

2. Be able to draw, interpret boxplots and know how to represent outliers
a) b)
Data for the maximum daily gust
(in knots) in Camborne in
September 1987 is taken from
l | the large data set:
1317 19202121222324

10 2 30 40 50 60 70 30 25252526262627 29303030

Mark 3335384678

i) Write down the upper and lower quartile | An outlier is defined as a value
and the median which lies either 1.5 x IQR above
ii) Calculate the IQR the upper quartile of 1.5 x IQR

iii) Calculate the range below the lower quartile
Draw a boxplot for this data.

Marks in an examination




3. Be able to draw and interpret cumulative frequency diagrams

a) The table shows the masses, in
kilograms, of 120 Coulter pine

cones.
Mass, m (kg) Frequency
1L.0=m<1.2 7
12=m<14 18
l4d=m<1.6 34
l6=m<1.8 41
1.8=m<20 15
20=m<2.2 5

Draw a cumulative frequency
diagram for this data

b)
The table shows the lengths, in cm, of
70 earthworms,

Length, / (cm) Frequency
6.0=/<6.5 3
6.5<1<7.0 13
10=1<7.5 14
71.5=<1<8.0 26
80=<1/<8.5 10
85=<1<9.0 4

i) Draw a cumulative frequency
diagram for this data.

ii) Estimate how many earthworms are
a) longer than 8.2cm

b) shorter than 7.3 cm

4. Be able to draw and interpret histograms and frequency polygons

a) The data show the mass, in
pounds, of 50 adult puffer fish

Mass, m (pounds) Frequency
I0=m< 15 4
15=m<20 12
20=m<25 23
25=m < 30 8
I0=m<35 3

i) Draw a histogram for this data
ii) On the same set of axes, draw a
frequency polygon.

b) The partially completed histogram

shows the time, in minutes, that

passengers were delayed at an airport.
3A 4 | 4 4 { { ! 4

N 0

Frequency density

0 10 20 30 40 50 60 70

Time, 7 (minutes)

i) Complete the table

Time, ¢ (min) Frequency
0=s1<20 4

20=1<30

0=r<35 15

I5=1<40 25

40=<r1<50

50=1t<70

i) Complete the histogram

iii) Estimate the number of passengers
that were delayed for between 25 and 38
minutes

iv) Explain why a histogram was
appropriate for this data




5. Understand how to compare two sets of data (include a MOL, a MOS and a reason why,

all in the context of the question)
a)
The cumulative frequency diagram shows the
distribution of heights of 80 boys and 80 girls
in a basketball club. Compare the heights of
boys and girls in the club.

A
90
80
70
60
50
40-
304
20
10-

U" T T o GHE T T
120 130 140 150 160 170 180

Cumulative frequency

boys

girls

I‘I)()

Height (cm)

b)

Fell runners from the Esk club and the Irt
club were keen to see which club had the
faster runners overall. They decided that
all the members from both clubs would
take partin a fell run. The time each
runner took to complete the run was
recorded. The results are summarised in
the box plot.

Esk
e R *

r T r T T T v 1
30 35 40 45 50 55 60 65 70 75 80
Time (min)

Compare and contrast these two box
plots




** Answers** Statistics Skills Check 3: **Answers**

1.

a)

An outlier is an extreme
value that lies outside the
overall pattern of the data.

b)

Unless defined in the
guestion otherwise
Outlier is

Either greater than Q5 +

1.5 X IQR
Orlessthan Q; — 1.5 X
IQR

c) Outliers could be
legitimate values albeit
extreme whereas anomalies
are errors and should be
removed from the data
(known as cleaning the
data)

2.
a)
i) UQ =47 marks
LQ =32 marks
ii) IQR = 15 marks
iii) Range = 64 marks

b)

Maximum daily gust in Camborne, September 1987

FumEy

25 30 35 40 45 50 55 60 65 70 75 80

0 5 1015 20
Maximum daily gust (knots)
3.
a) b)
g ' it 80 Hrrrrr
g i e TS
120- % -
100 e A & 50t
80_,-. T H ‘E 40HHHHHHHE
6050t HHHHH % 30
40+ 2 20 /
20T S ofiiif
02 X : : ! o HEER R
0.5 1 1.5 2 £

Mass, m (kg)

5 6 7 8 9 10
Length, / (cm)
a) 8
b) 24




a) b)
Time, f (min) | Frequency | Class width | Frequency density
0<1<20 4 20 0.2
20 <r<30 10x1=10 10 1
30<r<35 15 5 3
35<1<40 25 5 5
40 <50 10x0.7=7 |10 0.7
50<t<70 20%x03=6 |20 0.3
M
A B 54 r
2 5. g af
-E-E 4—' § 2+ HHHH HHEH
& 3 g 14 —I: S
E ’ a 0 T T T T T T >
=, 2 0 10 20 30 40 50 60 70 80
E: ! I ! H Time, t (min)
P 1 T ! " . 1 I LTl N IEENERAN
10 15 20 25 30 35
35 passengers
Mass, m (pounds) . . ] . .
iv) Time is a continuous variable
so histogram is appropriate
5.
a) The median height for boys is 163cm b) The Irt club had a higher median at

which is higher than the median heigh for 60mn compared to that of the Esk club at
girls at 158cm showing that on average, boys | 45mn which means Irt club overall had

are taller. The boys IQR is 16.5cm which is the slowest runners.

higher than that of the girls at 15cm which The IQR ranges for both clubs were about
shows the spread of the boys height is the same with the Irt club being slightly
greater. more spread out. Esk club also had an

outlier whereas Irt club did not.







Statistics Skills Check 4: Statistical distributions

Record your results here:
Date Level (a/b/c)

Score ( /4) Time (mins)

1. Recall key characteristics of a probability distribution

a) What must be true for | b) What can you say c) A fair dice is thrown
a discrete uniform about the sum of four times and the
probability distribution? | probabilities for any number of times it falls

probability distribution? | with a 6 on the top, Y is

noted. Write down the
sample space of V.

a) What are the parameters of a
binomial distribution?

2. Know characteristics of a binomial distribution

b) List the 4 conditions needed to be
met in order to model using a binomial
distribution.

a)
x~5(s.)
i) P(X = 2)
i) P(X = 5)

3. Be able to calculate binomial probabilities (binomial PD)

b)

A balloon manufacturer claims that
95% of his balloons will not burst when
blown up. If you have 20 of these
balloons to blow up for a birthday
party:

Find the probability that exactly 2
balloons burst.

4. Be able to calculate cumulative binomial probabilities (binomial CD)

a) b) A factory produces a component for the

X~B(37,0.65) motor trade and 5% of the components are

i) P(X > 20) defective. A quality control officer regularly

i) P(X < 26) inspects a random sample of 50 components.

i) P(15 < X < 20) Find the probability that the next sample
contains fewer than 2 defectives.




** Answers** Statistics Skills Check 4: **Answers**

1

a) All probabilities of all b) Probabilities sum to 1 ¢c){0,1,2,3,4}

events must be equal

2.

a)

number of trials n
probability of success p

b)

Fixed number of trials, fixed probability
of success, two outcomes: success or
failure, trials are independent.

3.
a) Use binomial PD on your calculator or | b)
formula given in booklet Let X be the number of balloons that pop
i)0.2731 X~B(20,0.05) = P(X =2)=0.1887
ii) 0.0683 Or:
Let Y be the number of balloons that don’t
pop:
Y~B(20,0.95) = P(Y =18) = 0.1887
4

a)i) 1 — P(X < 20) = 0.8882
i) P(X < 26) = 0.7992

b) Let X be the number of defects in 50
components
X~B(50,0.05)
P(X<2)=P(X<1)=0.2794




Statistics Skills Check 5: Hypothesis testing for binomial
Record your results here:

Date

Level (a/b/c)

Score ( /4) Time (mins)

1. Understand hypothesis testing and be able to set up suitable hypotheses

a)

Dmitri wants to see
whether a dice is biased
towards the value of 6.
He throws the dice 60
times and counts the
number of sixes he gets.
i) Describe the test
statistic

i) Write down suitable
null and alternative
hypotheses.

b)

In @ manufacturing process the proportion of faulty
articles has been found from long experience to be
0.1. A sample of 100 articles from a new
manufacturing process is tested and 8 are found to
be faulty. The manufacturer wishes to test at the
5% significance level whether or not there has been
a reduction in the proportion of faulty articles.

i) Describe the test statistic

ii) Write down suitable null and alternative
hypotheses

iii) Explain the condition under which the null
hypothesis is rejected

2. Be able to find critical regions and understand the implication of that

a) A test statistic has
distribution B(10, p).
Given that:

Hy:p =0.2
Hy:p>0.2

Find the critical
region for the rest
using a 5%
significance level.

b) A mechanical component fails, on average, 3 times
out of every 10. An engineer designs a new system of
manufacture that he believes reduces the likelihood
of failure. He tests a sample of 20 components made
using his new system.

i) State suitable null and alternative hypotheses

ii) Using a 5% significance level, find the critical region
for a test to check his belief, ensuring the probability
is as close as possible to 0.05

iii) Write down the actual significance level of the test




3. Perform a one tailed hypothesis test (in full)

a)

A single observation, x, is
taken from a binomial
distribution B(10,p) and a
value of 5 is obtained. Use
this observation to test
Hy:p = 0.25

against

Hi:p > 0.25

using a 5% significance level.

b)

A polling organisation claims that the support
for a particular candidate is 35%. It is revealed
that the candidate will pledge to support local
charities if elected. The polling organisation
think that the level of support will go up as a
result. It takes a new poll of 50 voters and 28
are found to support the candidate.

Using a 5% level of significance, perform a
hypothesis test to check whether the polling
organisation was correct.

4. Perform a two tailed hypothesis test (in full)
a) A random variable b) The national proportion of people experiencing
has distribution complications after having a particular operation in
X~B(50,p). Asingle hospitals is 20%. A hospital decides to take a
observation of x = 4 is | sample size of 20 from their records. They found

taken from this that 8 out of their 20 patient experienced
distribution. Test, at the | complications.

2% significance level, By finding the critical region and ensuring the

Hy:p = 0.02 against significance level is as close to 5% as possible, test
Hy:p # 0.02. whether this hospital’s proportion of complications

differs from the national proportion.




** Answers** Statistics Skills Check 5: **Answers**

1.
a) i) The number of sixes b) i) The number of faulty articles found in a sample of
rolled in the 60 trials 100
i) Ho:pzé i) Hy:p = 0.1 H;:p < 0.1
1 i) If the probability of that number being 7 is 2% or
iii) Hy:p > ¢ more the null hypothesis is accepted.

2.
a) b)

P(X = 4) = 0.1209
P(X > 5) = 0.0328

regionisX =5

Critical value is 5 so critical

Hy:p=03H:p<0.3

P(X < 2) =0.03555

P(X <3)=0.107

0.0355 is closer to 0.05 so critical regionis X < 2
Actual significance level = 3.55%

3.
a) b)
P(X =5)=0.0781 Let X be the number of people who support the
0.0781 > 0.05 so there is candidate
insufficient evidence to reject | Hy:p = 0.35,H;:p > 0.35
H, X~B(50,0.35)
P(X = 23) =0.071
P(X = 24) = 0.0396
Critical regionis X = 24
28 lies in the critical region, so there is evidence to
reject the Hy, and hence evidence that the candidate’s
level of popularity has increased.
4.
a) b)
PX=4) = Hy:p = 0.20,H;:p + 0.20

0.01775 > 0.01
So there is insufficient
evidence to reject H,

X~B(20,0.20)

P(X<1)=0.0692

P(X <0) =0.0115 (closer to 0.025)

Critical value is 0

P(X>9)=0.01

P(X = 8) = 0.0321 (closer to 0.025)

Critical value is 8 so critical regionis0 < X < 8

8 lies in the critical region, so there is evidence to reject the H,,
and hence evidence that the hospital’s proportion of
complications differs from the national figure.







Statistics Skills Check 6: Regression, correlation and hypothesis

testing for zero correlation

Record your results here:
Date Level (a/b/c) Score ( /5) Time (mins)

1. Be able to draw and interpret scatter diagrams
a) Some research was done into | b)

the effectiveness of a weight- Eight students were asked to estimate the
reducing drug. Seven people mass of a bag of sweets in grams. First, they
recorded their weight loss and | were asked to estimate the mass without
this was compared with the touching the bag and then they were told to
length of time for which they pick the bag up and estimate the mass
had been treated. A scatter again. The results are shown n the table
diagram was drawn to below.
represent this data. ot oo g | 35 | 18 | 5 |37 |2 |35 28 [ 30
i) describe the type of holding bag (g) 16 | 11 | 20 | 17 | 15 | 26 | 22 | 20 |
correlation show i) explain why a scatter diagram is
ii) interpret the correlation in appropriate
context ii) draw a scatter diagram
‘ iii) describe and interpret the correlation

&1 X

oD x

? % x

21 x

»
-

Length of treatment

2. Be able to interpret gradient and y-intercept of regression line
a) The relationship b) The table shows the ages of some chickens
between the number of and the number of eggs that they laid in a
coats of paint (x) applied to | month. Robin calculates the regression line of n
a boat and the resulting onaasn =16.1+ 0.063a
weather resistance in years | |Aseof hicken. a months 18 l 2 [ 44 [ 60 [ 71 [ 7[99 [109] 18] 140

Number of eggs laid in a month, n 16 18 J 13 I i 12 7| 11 13 6 9




(y) was tested in a Without further calculation, explain why Robin’s
laboratory. The equation of | regression equation is incorrect.
the regression line is

y =293+ 14.5x
Interpret the meaning of
the figures 2.93 and 1.45

3. Be able to code exponential/polynomial graphs to transform into a linear one

a) b)

Data are coded using Y = logy and | Data are coded using Y = logy and

X = logx to give a linear X = x to give a linear relationship. The
relationship. The equation of the equation of the regression line for the

regression line for the coded datais | coded dataisY = 0.4 4+ 1.6X. The

Y =12+04X relationship between the original data
i) State whether y and x form an sets is modelling by an equation of the
exponential or polynomial graph form y = ab”*. Find the values of a

ii) Find the values of the constants | and b.

and an equation between y and x

4. Understand PMCC (Product Moment Correlation Coefficient)

a) State what PMCC is b) What values can c) What does PMCC
PMCC take? allow us to do? And how
can you calculate it?

5. Be able to perform a hypothesis test for zero correlation

a)n=40 b) The following table shows the marks
PMCC=0.3275 attained by 8 students in English and
Significance level = 5% Maths.

Perform the test to see if there is Student A|IBICIDI EIF|[GIH

English 25 18 | 32 | 27 | 2] 35 | 28 | 30

Mathematics 16 11 20 | 17 15 26 32 20

evidence of a difference between
the 2 variables

Test at the 5% significance level whether
these results show evidence of a linear
relationship between English and Maths
marks.




** Answers** Statistics Skills Check 6: **Answers**

1.
a) i) Positive correlation
ii) the longer the treatment the greater the
loss of weight

b)
i) bivariate data

A
304
25+

20 %

Weight touching (g)
x

154 Iy

10

15 20 25 30 35 40 45
Weight not touching (g)

iii) Positive correlation, each student’s

tendency to guess higher or lower was

the same in both tests.

2.
a) For every coat of paint added, it adds
another 1.45 years of weather protection on.
With no coat of paint, there will 2.93 years of
weather protection

b) The data shows negative correlation so
the gradient should be negative

3.
a) i) Polynomial

a)Hy:p=0,Hi:p#0

Look critical value up in formula booklet,
PMCC correlation coefficients, use correct n
and sig level. Critical value is £0.3120
Reject H, as 0.3275 > 0.3120 and hence lies
in the critical region, there is evidence to
suggest there is a correlation between the
two variables.

b)

i)Yy =12+ 04X Y =04+ 1.6X

logy =12+ 0.4logx logy = 0.4 + 1.6x

y = 101-2+0.4logx y = 1004+1.6x

y = 101.2 X x0.4- y = 100.4 X 101.6x

y = 15.8 x x%4 y = 2.51 x 39.8%

4,

a) PMCC measures | b) PMCCcan | c) PMCC gives us a better measure of correlation
the strength of the | take any strength, rule of thumb is = 0.7 is strong positive
linear relationship | value whereas anything less is weak positive and similarly
between two between and | for negative correlation.

variables including -1 Calculator: stats mode > optn > regression calc > r=

and 1

5

b)

use calculator to get PMCC r = 0.68556
Hy:p=0,H;:p#0

Critical value is 0.6215

Reject Hyas there is reason to believe
that there is a linear correlation between
English and Maths marks.







Statistics Skills Check 7: Venn diagrams, tree diagrams and

conditional probability
Record your results here:

Date

Level (a/b/c)

Score ( /5) Time (mins)

1. Understand key terminology and be able to calculate probabilities

a) Define the
following:
sample space
event

b) Two coins are
tossed, state the
sample space

c) The lengths, in cm, of 240 koalas are
recorded in a table.

Length, / Frequency | Frequency

(cm) (male) (female)
65<1[<70 4 14
10=<I1<75 20 15
15=1<80 24 32
80 =/<85 47 27
85=171<90 31 26

One koala is chosen at random

i) Find the probability that the koala is
female

ii) find the probability that the koala is
under 72cm long

2. Draw Venn diagrams and find probabilities

a) A group of 275 people at a music

festival were asked if they play
guitar, piano or drums.

1 person plays all 3 instruments
65 people play guitar and piano
10 people play piano and drums
30 people play guitar and drums
15 people play piano only

20 people play guitar only

35 people play drums only

i) draw a Venn diagram to represent

this information

b) (Continued from (a) left)

ii) A festival goer is chosen at random
from the group. Find the probability
that the person chosen:

a) plays the piano

b) plays at two of guitar, piano, drums
c) plays exactly one instrument

d) plays none of the instruments




3. Understand mutually exclusive events and also independent events

a) Explain what two events A and B
being mutually exclusive means

b) P(A) = 0.5 and P(B) = 0.3. Given
that events A and B are independent,
find P(A and B)

a) A bag contains three red beads
and five blue beads. A bead is
chosen at random from the bag, the
colour is recorded and the bead is
replaced. A second bead is chosen
and the colour recorded.

i) Draw a tree diagram

4. Be able to draw tree diagrams and find probabilities

b) A bag contains 13 tokens, 4 blue, 3
red, 6 yellow. Two tokens are drawn
from the bag without replacement.

i) find the probability that both tokens
are yellow

A third token is drawn from the bag.

i) write down the probability that the
third token is yellow given that the first
two are yellow

5. Be able to use and understand union, intersection and complement notation
(Hint: draw a fully labelled Venn diagram)

a) b)

A and B are two events, | A, B and C are three events with P(A)=0.55,
P(A)=0.5, P(B)=0.2 and | P(B)=0.35 and P(C)=0.4. P(A N C) = 0.2. Given

P(AnB)=0.1 that A and B re mutually exclusive and B and C are
Find independent. Find

i) P(AU B) i)P(A'nB")

i) P(B") i) P(AU (BNC))

iii) P(A N B") i) P((ANC)' UB")

6. Be able to calculate conditional probabilities

a) b)
A and B are two In a tennis match, the probability that Anne wins the first
events, P(A)=0.4, |set against Colinis 0.7. If Anne wins the first set, the
P(B)=0.35 and probability that she wins the second set is 0.8. If Anne
P(ANnB) =0.2 loses the first set, the probability that she wins the
Find second set is 0.4. A match is won when one player wins

i) P(B|A) two sets.

i) P(A"|B) Find the probability that Anne wins given that the game

is over after two sets.




** Answers** Statistics Skills Check 7: **Answers**

1.
a) a sample space is the set | b) {HH, TT, HT, TH} c) j) 2+ Lo+32+27H26
of all possible outcomes 19/40 240
an event is a collection of .. 72-70
i) Male: 4 + X 20 =
one or more outcomes 75-70
12
Females: 14 + 222 x 15
75-70
20
12420 _ 2/15
240

2.
a) b)
5 - — a) 89/275
/ 7{ \ b) 103/275
[ 2 [e4 '| 15 | c) 14/55
\\qu/f*ﬁ' d) 102/275
29 9
[ o |
\ 35 /
\ / 102
— D
3.
a) Mutually exclusive means both events b)

cannot happen at the same time i.e.
P(Aand B) =0

P(Aand B) = 0.5 x 0.3 = 0.15

Bead 1 ) Bead 2
3 __Red
Red <
r Blue
2 _Red
Blue <
5 Blue

8

b)

N6 5 _5
)13 12 26
i) 4/11




a)i) 0.4+0.1+0.1=0.6

i) 0.06+0.04 =0.1
ii) 0.55+0.21 =0.76

ii)0.8 i) 1
iii) 0.4
6.
a) b)
i) P(B|A) = PB4 _ 02 _ & P(match over in two sets) = (0.7 x 0.8)
) i%j}nm o +(0.3x0.6) = 0.74
i) P(A'|B) = PGy 035 0.429 P(Anne wins|match over in 2 sets)

0.7x0.8

07 - 0.757




Statistics Skills Check 8: Normal distribution
Record your results here:

Date

Level (a/b/c)

Score ( /9)

Time (mins)

1. Recall the condition under which data is modelled using a normal distribution.

a) What assumption is
made about the mean,
median and mode?

b) What is the total area
under the normal
distribution curve?

c) What type of data is
used with normal
distribution?

2. Recall parameters and the empirical rule

a) What are the two
parameters of a normal
distribution?

b) What is the approximate proportion of data, for

a normal distribution, that

deviation of the mean? What about within two

standard deviations?

lies within one standard

3. Be able to find probabilities for normal distributions

a) X ~ N (30,2%)
Find
i) P (X < 33)
i) P(X>26)

b) The heights of a large group of women are

normally distributed with a

standard deviation of 3.5 cm. A woman is selected

at random from this group.

Find the probability that she is shorter than 160cm.

mean of 165 cm and a

4. Be able to find a value a such that P(x < a) = p where p is a given

probability




5. Know and use the standard normal distribution

a) State the mean and
standard deviation of
the standard normal
distribution

b)

i) Find P(Z < 2.12)
ii) Find a such that
P(z >a) =0.15

c) The random variable
X ~ N(0.8,0.052). For
each of the following
values of X, write down
the corresponding value
of the standardised
normal distribution

i)x =0.8

i) x = 0.792

6. Use the standard normal distribution to find missing mean and/or standard

deviation

a)Y ~N (u,40) |b)X ~N (y,02)

and Given that P(X > 15) = 0.2
P(Y <25)=0.15|and P(X <9) =0.2

Find the value of u | Find the value of u

and the value of o

c) The masses of the
penguins on an island are
found to be normally
distributed with mean u
and standard deviation a.
Given that 10% of the
penguins have a mass less
than 18kg and 5% of the
penguins have a mass
greater than 30kg, find
the value of u and the
value of o.

7 Understand when to approximate a binomial distribution with a normal

distribution

a) What two conditions
need to be met to
approximate a binomial
with a normal?

b) How do you find the

distribution from the
binomial distribution
parameters?

c) What else must you

parameters for the normal | adjust given we are

going from discrete to
continuous data?




8. Understand how to approximate a binomial distribution with a normal

distribution.
a) X ~B(100,0.6), use a
suitable approximation
to estimate

P(X > 58)

b) The probability of a
roulette ball landing on
red when the wheel is
spun is 50/101. On one
day in a casino, the
wheel is spun 1200
times. Estimate the
probability that the ball
lands on red in at least
half of these spins.

c) A particular breakfast
cereal has prizes in 56%
of the boxes. A random
sample of 100 boxes is
taken.

i) Find the exact value of
the probability that
exactly 55 boxes contain
a prize

ii) Find the percentage
error when using a
normal approximation to
calculate the probability
that exactly 55 boxes
contain prizes.

9. Be able to carry out a hypothesis test testing sample mean

a) X~N(21,1.5%)

sample size n is 20

the sample mean x is 21.2 and

Test at the 5% significance level
that the mean is different to 21.

b) The 1Q scores of a population are
normally distributed with a mean of
100 and a standard deviation of 15. A
psychologist wises to test the theory
that eating chocolate before sitting
and IQ test improves your score. A
random sample of 80 people are
selected and they are each given an
identical bar of chocolate to eat
before taking an 1Q test. Given the
mean score on the test for the
sample of 80 people was 102.5.

Test at the 2.5% level whether the
psychologist’s claim is justified.




** Answers** Statistics Skills Check 8: **Answers**

1.
a) Mean = median = mode,
it’s what gives the bell
shaped curve that
symmetrical shape!

b) Area under the curve is
equal to 1. We assume that
all probability events will
sumtol

c¢) Continuous data i.e. it can
take any value (e.g. height)

2.
a)X ~N (u,0%)
Parameters are mean i
and variance o2

b)

Empirical rule is 68 —95 —-99.7
(68% of the data lies within one st dev of the mean, 95% lies
within 2 st dev of the mean and 99.7% lies within 3 st dev of
the mean). Note: remembering, approximately, the first one
or two of these is helpful, but you can also use Normal CD to
find the exact values.

3.
a)

Use Normal CD button on your calculator

and input the following

Lower: a small value e.g. —10°

Upper: 33
u: 30

o:2

i) 0.9332

b)

Upper: 160
u: 165
0:3.5

Similar to the above for next part but lower | 0.0766

is 26 and upper is a big number e.g. 10°

ii) 0.9772

Use Normal CD button on your calculator
and input the following
Lower: a small value e.g. —10°




4,

a) b) c)P(X<a)=
Use inverse normal button on your calculator and i)a=19.12, | 0.1
input the following: b=18.3 a=57.436
Area: 0.1 o0:3 u:12 ii) 0.0915 P(X <b)=0.9
i) 8.16 b=62.563
Similar to the above for next part but recall that “area” b-a=5.13
is always area to the left of the value so input
Area:1—0.65 0:3 u:12
ii) 10.84
For next part re-write
P(10<X <a)
=PX<a)—P(X<10)=0.25
Then calculate P(X < 10) to add to 0.25 before using
inverse normal button
iii) 12.02
5.
a) Standard normal b) c)
distribution has the following | i) 0.9830 Using Z = 2%
parameters ii) a=1.0364 0 ?
Z~N(0,1%) ii) -0.16
6.
a) b) c)
P(Y < 25) =0.15 If we have an area of 0.2
p (Z < 25— ,Lt) — 015 greater than 15 and an P(M T81§) =0.1
‘ V40 area of 0.2 less than 9, p (Z < ﬂ) — 01
Use the inverse normal the mean must lie o
button z = —1.0364 halfway between 9 and zy = —1.28155
So 15 using symmetry. P(M > 30) = 0.05
251 _ 10364 _1 _ P(z>30_”>=0.05
= —1. u==(9+15)=12
V40 2 Zy, = 1064485
u = 31.554 2 '

15—-12
p(z> 2212 o2
o
Use inverse normal
button and get 0.8416

15-12
= 0.8416

o
o = 3.56

Two simultaneous equations to
solve
—1.281550 =18 — u
1.644850 =30 —pu
Leading to
u=23.26,0 =4.101




7

a) n must be sufficiently large and

b) X ~B(n,p) c) Continuity correction —
p close to 0.5 Then making the area covered
Y~N(np,np(1 —p)) | by the probability 0.5
bigger, this ensures there
are no gaps in the data
8.

a) b) c)

nislargeand piscloseto 0.5 | nislargeand pis i) binomal PD button on

so use a normal closeto 0.5 so use a calculator

approximation normal approximation | 0.07838

Y~N(100 x 0.6,100 x 0.6
%X 0.4)
Y~N(60,24)
P(X >58) = P(Y > 58.5)
= 0.6203

Y~N(1200
50 00 x 30
X — X —
101’ 101
51
107

Y~N(594.06,17.322)

ii) large n and p close to 0.5 >
normal
Y~N(100 x 0.56,100 x 0.56
%X 0.44)
Y~N(56,24.64)
P(X =55)=P(545<Y

P(X = 600) = P(Y < 55.5)
> 599.5) = 0.07863
= 0.3767 Percentage error =
0.07838—-0.07863
0.07838 X 100
-0.31%
9.
a) b)
Hy:pu =21 Hy:p =100
Hy:p#21 Hy:p > 100

each tail
_ 2
Assume X~N (2 1, i)
20

Accept H,

Half significance level so 2.5% in

P(X > 21.2) = 0.2755
0.2755 > 0.025 so not significant.

Assume X~N (100,%}2)

P(X > a) =0.025
Use inverse normal to get a = 103.287
102.5 < 103.287 so therefore not significant, there
is not sufficient evidence to say at the 2.5%
significance level that eating chocolate before
taking an 1Q test improves the result.
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