Exam-style practice

Mathematics
A Level
Paper 3: Statistics and Mechanics

Time: 2 hours
You must have: Mathematical Formulae and Statistical Tables, Calculator

SECTION A: STATISTICS

1 An electrical engineer makes components for computer systems. She claims that the
components last longer than 500 hours on 52% of occasions.

In a random sample of 40 of the components, X last longer than 500 hours.
a Find P(X = 22).

b Write down two conditions under which the normal approximation may be used as an
approximation to the binomial distribution.

A random sample of 250 components was taken and 120 lasted longer than 500 hours.

¢ Assuming the engineer’s claim to be correct, use a normal approximation to find the
probability that 120 or fewer components last longer than 500 hours.

d Using your answer to part ¢, comment on the engineer’s claim.

2 P(4)=0.4,P(B)=0.55and P(C)=0.26.

(1)

(2)

Given that P(4 n B) = 0.2. that events 4 and C are mutually exclusive and that events Band C

are statistically independent,

a Draw a Venn diagram to illustrate events A, B and C.

b Show that events 4 and B are not statistically independent.
¢ Find P(4|B").

d Find P(C|(4 n B)").

3 The daily mean air temperature, ¢ °C, is recorded in Perth for the month of October.

t 2<:<15|15=1<18|18=1<20|20=1<22|22=1<26
f 2 6 11 7 5

a State, with a reason, whether 7 is a discrete or continuous variable.

b Use your calculator to find estimates for the mean and standard deviation of the
temperatures.

¢ Give two reasons why a histogram could be used to display this data.

d Use linear interpolation to find the 10" to 90™ interpercentile range.

C)
(2)
(2)
(2)

(1)

(2)
(2)
3)
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A meteorologist believes that there is a positive correlation between the daily mean air
temperature and the number of hours of sunshine. She takes a random sample of 8 days from
the data set above and finds that the product moment correlation coefficient is 0.612.

e Stating your hypotheses clearly, test at the 5% level of significance, whether or not the
product moment correlation coefficient for the population is greater than zero. (3)

4 An industrial chemical process produces an amount of a substance, ¢ grams, dependent on the
temperature, 7 °C applied. The table below shows the outcomes of five experiments.

t 10 20 32 41 57
q 160 700 2000 3300 6400

A chemist believes that the relationship between the variables can be modelled by an equation
of the form ¢ = ki, where k and n are constants to be determined. The data are coded using

x =logrand y = logq. The product moment correlation coefficient between x and y is found to
be 0.9998.

a State with a reason whether this value supports the suggested model. (1)

b Given that the equation of the regression line of y on x is y = 0.0761 + 2.1317x. find the
value of k and the value of n. 3)

¢ Explain, giving a reason, whether it would be sensible to use this model to predict the
amount of substance produced when ¢ = 85°C. (1)

5 The weights of cats in a particular town are normally distributed. A cat that weighs between
3.5kgand 4.6 kg is said to be of ‘standard’ weight. Given that 2.5% of cats weigh less than
3.416kg and 5% of cats weigh greater than 4.858 kg,

a find the proportion of cats that are of standard weight. (6)
15 cats are chosen at random.
b Find the probability that at least 10 of these cats are of standard weight. (2)

In a second town, the weights of cats are also normally distributed with standard deviation
0.51kg. A random sample of 12 cats was taken and the sample mean was 4.73 kg.

¢ Test, at the 10% level of significance, whether or not the mean weight of all the cats in the
town is different from 4.5 kg. State your hypotheses clearly. 4)

6 Jemima plays two games of tennis. The probability that she wins the first game is 0.62. If she
wins the first game, the probability that she wins the second is 0.75. If she loses the first game,
the probability that she wins the second is 0.45. Find the probability that she wins both games
given that she wins the second game. (4)

SECTION B: MECHANICS
7 At time 7 seconds, where 7 = 0, a particle P moves such that its velocity, vms™', is given by
v=(2-68)i-1j
When 7 =1 the displacement of the particle from a fixed origin O is 5im.
Find the distance of the particle from O when 7 = 3 seconds, giving your answer to

3 significant figures. W)
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8 An arrow is fired from horizontal ground with an initial speed of 100 ms' at an angle of 30°
above the horizontal.

By modelling the arrow as a particle work out:

a the time taken for the arrow to hit the ground 3
b the maximum height of the arrow 3)
¢ the speed of the arrow after 3 seconds. (6)

9 In this question i and j are the unit vectors due east and north respectively.

A cyclist makes a journey between two points 4 and B. At time 7 = 0's the cyclist is moving due
east at 2ms™\.

The cyclist is modelled as a particle.

Relative to A, the position vector of the cyclist at time 7 seconds is r metres.

Given that the acceleration of the cyclist is constant and equal to 0.2i — 0.8jms™, find:

a the position vector of the cyclist after 10 seconds 2)
b the distance of the cyclist from A after 10 seconds. (2)
After 10 seconds the cyclist stops accelerating and heads due east at a constant speed of Sms™.
¢ Find the value of 7 when the cyclist is directly south-east of 4. 2)
After a further 30s the cyclist reached point B.

d Work out the bearing of B from A to the nearest degree. 2)

10 P

Figure 1

Two particles P and Q, of masses 3kg and 2kg respectively, are attached to the ends of a light
inextensible string. P lies on a rough horizontal table. The string passes over a small smooth
pulley fixed on the edge of the table. Q hangs freely below the pulley. as shown in Figure 1.

The coefficient of friction between P and the table is u. The particles are released from rest with
the string taut. Immediately after release, P accelerates at a rate of 0.5m 52,

a Find the tension in the string immediately after the particles begin to move. 3)
b Show that = 0.582 (3 s.f) 3)
After two seconds the string breaks.

¢ Assuming that P remains on the table, calculate how long it takes P to come to rest. 6)

d State how you have used the information that the string is inextensible in your
calculations. (1
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11 C

Figure 2

Al B

A uniform rod AB of length /m and mass m kg rests with one end touching a rough vertical
wall at B.

The rod is kept horizontal by a light inextensible string AC where C lies on the wall directly
above B.

[

The plane ABC is perpendicular to the wall and ZBAC is o, where tan o = -~

(]

a Show that the tension in the string is %mg N. 4)
b Calculate the coefficient of friction between the rod and the wall. (6)
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Appendix

Percentage points of the normal distribution

The values z in the table are those which a random variable Z ~ N(0, 1) exceeds with probability p: that is,
P(Z>z)=1-d(z)=p.

P z P Z
0.5000 0.0000 0.0500 1.6449
0.4000 0.2533 0.0250 1.9600
0.3000 0.5244 0.0100 2.3263
0.2000 0.8416 0.0050 2.5758
0.1500 1.0364 0.0010 3.0902
0.1000 1.2816 0.0005 3.2905

Critical values for correlation coefficients

This table concerns tests of the hypothesis that a population correlation coefficient p is 0. The values in the
table are the minimum value which need to be reached by a sample correlation coefficient in order to be
significant at the level shown, on a one-tailed test.

Product moment coefficient
Level Sample
0.10 0.05 0.025 0.01 0.005 | Level

0.8000 0.9000 09500 09800 0.9900 4
0.6870 0.8054 0.8783 0.9343 0.9587 5
0.6084 0.7293 0.8114 0.8822 0.9172 6
0.5509 0.6694 0.7545 0.8329 (.8745 7
8
9

0.5067 0.6215 0.7067 0.7887 0.8343
0.4716 0.5822 0.6664 0.7498 0.7977
0.4428 05494 0.6319 0.7155 0.7646 10
0.4187 05214 0.6021 0.6851 (.7348 11
0.3981 04973 0.5760 0.6581 0.7079 12
0.3802 04762 0.5529 0.6339 0.6835 13
0.3646 04575 0.5324 0.6120 0.6614 14

0.3507 0.4409 0.5140 0.5923 0.6411 15
0.3383 04259 04973 0.5742 0.6226 16
0.3271 04124 0.4821 0.5577 0.6055 17
0.3170  0.4000 0.4683 0.5425 0.5897 18
0.3077 0.3887 0.4555 0.5285 0.5751 19

0.2992 0.3783 0.4438 0.5155 0.5614 20
0.2914 0.3687 0.4329 0.5034 0.5487 21
0.2841 0.3598 0.4227 04921 0.5368 22
0.2774 0.3515 04133 04815 0.5256 23
0.2711 0.3438 0.4044 04716 0.5151 24
0.2653 0.3365 0.3961 0.4622 0.5052 25
0.2598 0.3297 0.3882 0.4534 0.4958 26
0.2546 0.3233  0.3809 04451 04869 27
0.2497 03172 03739 04372 04785 28
0.2451 03115 0.3673 0.4297 04705 29
0.2407 03061 0.3610 0.4226 0.4629 30
0.2070 02638 03120 0.3665 0.4026 40
0.1843  0.2353 0.2787 0.3281 0.3610 50
0.1678 0.2144 0.2542 0.2997 0.3301 60
0.1550 0.1982 0.2352 02776 0.3060 70
0.1448 0.1852 0.2199 0.2597 0.2864 80
0.1364 0.1745 0.2072 0.2449 0.2702 90
0.1292  0.1654 0.1966 0.2324  (0.2565 100
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Answers

Prior knowledge 1

1 a A=log3, B=log2
b Gradient = log 2, y-intercept = log 3

2 For each 1 cm increase in handspan, the height
increases by approximately 11.3 cm.

3 PX=32)=0.0061<0.01
H, can be rejected.

Exercise 1A
1 a y=ax"
2 a y=kb
3 a=1x10"%n=
4 a YA 1

=158(3sf),n=04
=2. 51 b 39.8(3s.f)
9(‘3

INU"U‘

a
k
‘3

a

3 7 8 9
logP | 1.86 (193|210 233|241

b Strong positive correlation

¢ Yes — the variables show a linear relationship when
log P is plotted against 7.

d a=501(3sf)b=1.2

e For every month that passes, the population of
moles increases by 20%.

5 a t=a+bnwould show a linear relationship. This
graph is not a straight line.
b a=05k=06
6 r=0.389¢'%
7 a=10,n=138
8 a a=1233sf),b=1.12(3s.1)
b b is the rate of change of g per degree.
¢ 35°C is outside the range of the data
(extrapolation),
Challenge

a A graph of log T against log E shows a straight line.

b logE=1.09-1.96(log 7). a=123(3s.f),
b=-1.96(3s.f)

¢ log 0 is undefined.

Exercise 1B
1 Answers close to

a 09 b -0.7 c -0.3
2 a The type and strength of linear correlation between
v and m.
b 0.870
3 a -0.854
b There is negative correlation. The relatively older
young people took less time to reach the required
level.
4 2 [Time, ¢ 1 2] 4 5 7
Atoms, n 231 41 17 T 2
log n 236 1.61 | 1.23 | 0.845 | 0.301
192

b -0.980 (3 s.f)
¢ There is an almost perfect negative correlation with
data in the form log n against ¢, which suggests an
exponential decay curve.
d a=307(3sf),b=0479(3s.1)
5 2 [ wWidth, w 3 4 6 8] 1
Mass, m 23 40 80 147 265
log w 0.4771 | 0.6021 | 0.7782 | 0.9031 | 1.041
log m 1.362 | 1.602 1.903 | 2.167 | 2.423
b 0.9996
¢ A graph of log w against log m is close to a straight
line as the value of r is close to 1, therefore m = kw"
is a good model for this data.
d n=1.88(3sf) k=291(3sf)
6 a -0.833
b —0.833 is close to -1 so the data values show a
strong to moderate negative correlation, A linear
regression model is suitable for these data.
7 a A'trace or tr' of rain is an amount less than
0.05mm.
b -0.473 (3 s.f), treating ‘tr’ values as 0.
¢ The data shows a weak negative correlation so a
linear model may not be best, there may be other
variables affecting the relationship or a different
model might be a better fit.
Challenge

r for log x and log y: 1.00 (3 s.f.)
r for x and log y: 0.985 (3 s.[.)
Therefore the most suitable model would be in the form

y = kx

Exercise 1C

1

a

Hy p=

Hy: p=0, H;: p = 0, critical value = = 0.3120. Reject
H,: there is reason to believe at the 5% level of
significance that there is a correlation between the
scores.

Hy: p=0, Hy: p # 0, critical value = + 0.3665. Do not
reject H,. There is no evidence of correlation between
the two scores at the 2% level of significance.
-(1.960 (3 s.f))

Hy: p=0, Hy: p = 0, eritical value = = 0.8745. Reject
H,: there is reason to believe at the 1% level of
significance that there is a correlation between the
SCOres.

The type and strength of linear correlation between
two variables.

0.935 (3 5.1)

Hy: p=0, Hy: p = 0, critical value = 0.4973. Reject
H,: there is reason to believe that students who do
well in theoretical biology are likely to do well in
practical biology.

There is a probability of less than 0.05 that the null
hypothesis is true.

0.686 (3 s.f)

Hy: p= 0, Hy: p = 0, eritical value = 0.6215. Reject
H,: there is reason to believe that there is a linear
correlation between the English and Mathematics
marks,

0,Hy: p=0,r=0.793 (3 s.[.), critical value =

0.8822. Do not reject H,. There is evidence that the
company is incorrect to believe that profits increase
with sales.

w Full worked solutions are available in SolutionBank. #
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10

Hy: p=0, Hy: p < 0, eritical value = -0.4409. Do not
reject Hy. There is evidence that the researcher is
incorrect to believe that there is negative correlation
between the amount of solvent and the rate of the
reaction.

2.5%

8

a -0.846(3s.f)

b H; p=0,H;:p <0, critical value = -0.8822. Do
not reject H,. There is evidence that the employee
is incorrect to believe that there is negative
correlation between humidity and visibility.

a This is a two-tailed test, so the scientist would need
to halve the significance level or double her p-value.

b +0.4438

Mixed exercise 1

1

10

11

12

a 0.9998

b ris close to 1, so a graph of log ¢ against log
x shows a straight line, suggesting that the
relationship is in the form t = ax”.

¢ n=138a=0617 (3s.f)

a a=0232(3sf),b=1.08(3s.f)

b 151 °Cis outside the range of the data (extrapolation).

As a person’s age increases, their score on the memory

test decreases.

a Each cow should be given 7 units. The yield levels
off at this point.

b 0.952(3s.l)

¢ It would be less than 0.952. The yield of the last 3
cows is no greater than that of the 7th cow.

a -0972

b There is strong negative correlation. As ¢ increases,
[fdecreases.

a 0.340(3 d.p)

b Hy: p=0,H,: p=0, critical value = +0.6319. Do not
reject H,. There is not enough evidence that there is
a correlation between age and salary.

a 0937 (3s.1)

b Hy p=0,H;: p=0, critical value = +0.6319. Reject H,,.
There is evidence that there is a correlation between
the age of a machine and its maintenance costs.

Hy: p=0,H;: p <0, critical value = -0.5822. Reject

H,. There is evidence that the greater the altitude, the

lower the temperature.

Hg: p =0, Hy: p > 0, critical value 0.5822, 0.972 >

0.5822. Reject H,. There is evidence that age and

weight are positively correlated.

a 0.940

b Hy: p=0,H;:p> 0, critical value 0.7293. Reject
H,. There is evidence that sunshine hours and ice
cream sales are positively correlated.

r=10.843 (3 s.f.), Hy: p=0, H;: p > 0, critical value 0.8054.

Reject Hy,. There is evidence that mean windspeed and

daily maximum gust are positively correlated.

r=-0.793 (3 s.f.), Hi p=0, H;: p < 0, critical value

—0.7545. Reject H,. There is evidence that temperature

and pressure are negatively correlated.

Large data set
Student’s own answers

Prior knowledge 2
1 a 075

b 0

¢ 0.25

Answers

2 a 0.12
b Te p|E
0.32
c 0.32
3 a f be
Exercise 2A
1 a Ank b A'URB
c AnNBluA'NB) d AnBnC
e AUBUC f AuBnc
2 a T bl R«
3 a
1
d % e 3
5 a 06 b 0.8
6 a 0.25 b 0.5
AT c|é€
0.35
b i 065 ii 0.15 iii 0.85
8 arg E|€
10
bi 7 i 1 i £
9 a .
b 1
10 a
b i 0.53 i 0.18

¢ Notindependent,
PA' 1 €)=0.35PA") x P(C) = 0.75 x 0.45 =
0.3375
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Answers

11 a G E €
M
b i 06 ii 0.5

¢ Not independent.

P(G' T M)=0.2,P(G') x PIM) = 0.6 x 0.5 = 0.3

12 a xy b x+y-ay ¢c 1-y+ay
Challenge
a xyz
b x+y+z+ayz—xy-yz-az
¢ zZ-Yyz+xyz
Exercise 2B
1 a2 b c & d
2 a Badminton | Squash | Total
Male 21 22 43
Female 15 17 32
Total 36 39 75
b i 5 i gporgy il
3 Girls Boys Total
Vanilla 13 2 15
Chocolate 12 10 22
Strawberry | 20 23 43
Total 45 35 80
i 2 i i 12or?
4 a Blue spinner
I 1 2 3 4
E[1 2345
Bl 2|3 ]| 4]51]6
2| 3 4 5 6 7
=la| 56| 7|8
i3 i i+
5 Dice 1
1 2 3 -+ 6
1 1 2 3 4 5 6
a | 2 2 4 6 8 10 | 12
g1 3| 3 6 9 | 12 | 15 | 18
Sl g4 4| 8 1216|224
5 & 10 15 20 25 30
6 6 12 | 18 | 24 | 30 | 36
b ¢ c
d All outcomes are equally likely.
6 0.0769 (3 s.f)or 5
7 a1 b 2
¢ Assume that the coins are not biased.
8 a D D’ Total
S 18 38 56
5 59 5 64
Total 77 43 120
bi 2 -3 #H¥E w2

194
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@ Full worked solutions are available in SolutionBank.

Women Men Total
Stick 26 18 44
No stick 37 29 66
Total 63 47 110
b i fror2 i B i Bory
[ 13 20 3
10 a 3 b 55 E.% d %
Exercise 2C
1 a 0.7 b 0.3
¢ 0.483(3s.1) d 0.571(3s1)
2 a o
c D€
0.05
b i095 ii 0.625 iii 0.3125 iv 0.25
J a

T €

.

0.15
b i 0.35 ii 0.5 iii 0.7 iv 0.231(3s.f)
3 2 5 :
4 a 5 b 5 C .I(—I d %‘I'i“
5 a o b c i d £
6 a 0.6 b 04
¢ 0.299 (3s.f) d 0.329(3s.f)
7 a 5 b L
¢ P(B|C)=0.111... 2 P(B) = 0.345... So B and Care
not independent
i s A C B €
~{)_l
b i 02 ii 0.6 iii 0.5
: . |
85
b}
No one who doesn’t have the disease would be
given a false negative result. However, only % of the
people who have a positive result would have the
disease.
10 a 0.7 b 0.7 ¢ They are independent.
11 x=0.21,5=0.49
12 c=F,d=1
Exercise 2D
1 a 03 b 0.6 ¢ 08 d 09
2 a 08
b i 02 ii 0.615(3s.f) iii 0429 (3s.f)

¢ P(CnD)=P(C) x PD)

e



3 a 09
b i 08 ii 0.2 iii 0.5
4 a 015 b 045 ¢ 055 d 025 e 03
5 0.1
6 a 05 b 0.3 ¢ 0.3
7 a 03 b 0.35 ¢ (;.4
1 2
¢ % d 5
e i F 2
9 a 0.67 b 0.476 (3 s.1) c 0.126
d 7 ¢ e 0.294
C B
0.156
10 a 0.28 b 0.7
¢ 0.333(3s.f) d 0.467 (3s.1)
11 a 0.1 b 0.143 (3s.L)
¢ PA)xPBI=03x07=021,PANB)=0.1
This suggests that the events are not independent.
If Anna is late, Bella is less likely to be late and vice
Versa.
12 a 05 b 0.333(3sf) ¢ 0.833(3s.1)
d P(K|J) = 0.833... # P(K) = 0.7. So J and K are not
independent
Challenge
o b ¢ 3

Exercise 2E

1

L=

2

1
= ?__R
5 R <
9
I
b §_~R,
9 \g,
3 :
= = 8 Bz
b 2 c 3 d e 3
a 045 - B
A
8 et A !
0.35 -8B
A‘<
0.65 B
b i 0.315 ii 0.195 iii 0.75
a 9
23 _~D,
5 D|<
12
B oM
10
: {D
1z N\,
3 ]
.
b 0.163(3sf) e 0.507(3sf) d 0.243 (3s.f)
0.36
a 0.25 b 0.333

b
a

Answers

Sl
=
ol

=
enfee

i0
4
10 82
G
0.02__r
A
0.98 ~F
007 __F
B <
093 ~F
0.04 _F

i 0.0315 i 0.0485

0.9_~ Positive
c <

¢ 0.103 (3 s.f)

0.04
0.1 Negative
0.02_~ positive
0.96"\ ¢ <
.98 ™ Negative
0.9448 c 0.00423

The probability that a positive result is a false positive
(positive result for someone without the condition) =
P(-+) = 0.348. Over one third of positive results are
false positives and 10% of people with the condition
give negative results.

045 L'
<3L
07 ~L’
095 —~L'
i 0015 i 025 ¢ 078

o)

=

~1jes
b
D
[~ (5}

[+ ]
=3y -JHA:M -||.|A~llw wlAnh
= =]

o)

e
[~
HII‘»A
]
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Answers

b £
¢ Adding together the probabilities on the 4 branches

of the tree diagram where the counter from hox B
12 16° .24 4 15 _-27

ishlue: s+ + 15 +15=5%

d Adding together the probabilities on the 2 branches
of the tree diagram where events C and D both
oceur. 32 + {3 = 11

87 f £

1a 13

11 She has not taken into account the fact that the jelly

bean is eaten after being selected. The correct answer

is 0.5.

e

Mixed exercise 2
1 a 0.55 b 045 c 05 d 0.429 (3 s.f.)
2 a “

b i 06 ii 0.6 iii 0.222(3s.f) iv 0.471(3s.0)
3 a 0433(3sf) b 06 c 0.72

d 0.25 e 0.577 (3s.f)
4 a 5

. 12 18

b i £ i 3

c f @
5 a 074 b 0757(3sf) ¢ 0.703

4 15

6 a g b o)

¢ 0117 (3s.f) d 0.146 (3 s.f)
7 a 03 b 042

(] B £

A
0.12

d i 025 ii 0.28
8 a Insome foothall matches, neither team scores.

b 0.12 ¢ 0.179(3s.1)
Challenge

a 04=p=106 b 02=¢g=<0.5

Prior knowledge 3
1 a 0540@3sf) b 0.390(3s.f)
2 b 0.584 (3s.f)
3

b 0.599 (3s.f)

a 0.124 (3s.f)
a 0.211(3s.f)

¢ 0.869(3s.f)

For Chapter 3, student answers may differ slightly
from those shown here depending on whether tables or
calculators were used.

Exercise 3A

1 a Continuous - lengths can take any value
b Discrete - scores can only take certain values
¢ Continuous — masses can take any value
d Discrete — shoe sizes can only take certain values
2 |
L\ X M35, 0.4)
|
|
338 342 34;.6 35 354 358 36.2
3 The distribution is not symmetrical.
4 a 0.68 b 0.95
5 49
6 60g
7 p=>56.5,0%=4.5"
8 a 05 b 0.68 ¢ 0.95
d Incorrect: although P(X > 100) > 0, it is very small
sinee 100 is more than 3 standard deviations away
from the mean, so the model as a whole is still
reasonable.
9 a 36 b Between 2 and 3
Exercise 3B
1 a 09332 b 09772 ¢ 0.2119
2 a 0.0478 b 0.2525 c 0.2782
3 a i19.12(2d.p)ii 18.27(2d.p.) b 0.4985
c 0.5948
4 a i7060(2dp.) ii8078(12dp) b 01714
¢ 0.0373
5 a i81.01(2dp) ii 80.64(2dp.)
b Sum is 1, combined probabilities include every
possible value.
6 a 03176 b 0.6824
7 a 0.1814 b 0.4295
8 a i0.1056 ii 0.1056 b 0.0012
9 a i03605 ii 0.2375 b 0.3380
10 a 0.0766 b 0.1906 ¢ 0.3296
11 a 0.0228 b 0.7345
12 a 0.4013 b 0.000199
Exercise 3C
1 a 27.38 b 33.37 ¢ 3127 d 35.30
2 a 8.16 b 10.84 c 12.02 d 1145
3 a 1191 ii 18.3
b 0.0915
4 a i706 ii 80.8 b 0.075
5 a i381.0 ii 80.6 b 0.0364
6 a 4.095(3d.p.) b 5.005(3d.p.)
¢ 4.5 is the mean, so 50% of badgers will have a mass
less than 4.5.
7 a 7352(2d.p) b 8.09(2d.p.)
8 a 6168(2dp) b 5.13(2d.p.)

¢ Tom is correct in this case; the normal distribution
is symmetric about the mean, so 50% of bars will
have mass less than the mean.

9 a Short: Up to 165cm, Regular: Between 165 cm and

178 cmLong: Over 178 cm

b That the population follows the normal distribution
over the whole range of values i.e. that there are no
extreme outliers.

196 @ Full worked solutions are available in SolutionBank. #



Exercise 3D

1 a 09830 b 09131 ¢ 0.2005 d 0.3520
e 0.4893 f 0.0516 g 0.1823 h 0.8836

2 a 1.3298 b 1.8606 ¢ 1.0364 d —1.6449
e 1.0599 f 2.5491 g 1.2816 h 0.5244

3 a0 b -0.16 c 0.2 d 0.74

4 a o0 b ®(0.5) ¢ 1-®(-0.25)
d D) - (-7)

5 a 1.96 b 87.8(3s.tf)

6 a -1.0364 b 54.9cm (3s.f)

7 a -12816 =z<1.2816 b 1103-1247 hours

Exercise 3E

1 11.5

2 3.87

3 31.55

4 25

5 p=131,0=4.33

6 =283 0=259

T a=12 =356

8 u=350=1438

9 475

10 6=1.99,a=2.18

11 a 203.37mm b 0.1504 ¢ 0.0516
12 a 0.1298mm b 0.5591 c 0.0650
13 a
18 4 30
b p=23.26,0=4.101 ¢ 0.4459
14 a p=16.79,0=0.9420 b 1.27 (3s.1)
Challenge

a Let z be such that ®(z) = 0.75,
then upper quartile = y + zo and lower quartile = u - zo,
50 g = (p + z0)—(p - 20} = 2z0.
Calculate that z = 0.67449, then ¢ = 1.34898¢ and thus
o =0.741¢ (3 s.1).

b Since g = (u + zo) = (1 = zo) = 2z0 (i.e. the us cancel),
g is not dependent on p and vice versa, and it is not
possible to write p in terms of g.

Exercise 3F
1 a i Yes, nislarge (> 50) and p is close to 0.5.
ii X~M72, 537%
b i No,nisnot large enough (< 50).
¢ i Yes, nislarge (> 50) and p is close to 0.5.
ii X~ N(130,7.90%)
d i No,pistoo far from 0.5.
e i Yes, nislarge (> 50) and p is close to 0.5.
ii X~N192, 9.99%)

f i Yes, nislarge (= 50) and p is close to 0.5.
ii X~ N580,15.6%
2 a 0.1253 b 0.0946 c 0.6723
3 a 0.0097 b 0.5115 ¢ 0.0559
4 a 0.6203 b 0.4540 ¢ 0.0102
5 0.006
6  0.3767
7 a nlarge, p close to 0.5. b 0.1593
¢ 0.5772 d 115
8 a 0.6277 b 0.8456
9 a 00784(3sf) b 031%

Answers

Exercise 3G

1

=)

Not significant. Do not reject H,,.

Significant. Reject H,,.

Not significant. Do not reject H,,.

Significant. Reject H,..

Not significant. Do not reject H,.

X<1194

X>13.2

X <843

X > 0.877 or X < -0.877

X>-731orX<-8.69

Result is significant so reject H,,. There is evidence that

the new formula is an improvement.

a X>103.29

b 102.5 < 103.29, so there is not enough evidence to
reject the null hypothesis

Insufficient evidence; do not reject H,.

a 0.9256 b 0.9454

¢ Hgp=57 Hp:p< 5.7. There is sufficient evidence
to suggest mean diameter less than 5.7 mm.

a 136.48¢g b 0.0129

¢ Hy:p =860, H,;: ;= 860. Insufficient evidence to
suggest mean mass is different to 860 ¢g.

Hy: o= 9.5, H;: p > 9.5. Critical region is X = 10.715.

¥=12.2 = 10.715, so reject H, and conclude that the

mean daily windspeed is greater than 9.5 knots.

tcacTpooan DR

Mixed exercise 3

= B R

16
17

18

19

a 0.0401 b 0.3306 ¢ 188 cm
a 12.8% b 51.1%

a 0.0668 b 0.0521 ¢ 0.9315
a 3.65 b 0.136 ¢ 325

a 8.60ml b 0.122 ¢ 109ml
a p=30,0=14.8 b 38.0

Mean 10.2cm, standard deviation 3.76 cm

a 0.3085

b 0.3694

¢ The first score was better, since fewer of the
students got this score or more.

a 4.25 b 0.0499 c

a 8.541 minutes b 0.1757

Mean 6.12mm, standard deviation 0.398 mm

0.8734

0.0778

a nislarge and p is close to 0.5.
b u=400"=24

¢ 0.0262

a 0.0147

b nislarge and p is close to 0.5; p = 55.2, o = 29.808
¢ 0.20% (2 s.f)

a nislarge and p is close to 0.5,
b 0.5232 ¢ 166

0.6339

a 0.5914 b 0.0197

¢ Assuming the claim is correct, there would be a less
than 2% change that 95 or fewer seedlings produce
apples within 3 years. Therefore it is unlikely that
the claim is correct.

a 0.5801 b 0.0594

¢ Assuming that the claim is correct, there is a
greater than 5% chance that 170 people out of
300 would be cured, therefore there is insufficient
evidence to reject the herbalist’s claim.

X>7.66(3s.f)

Hy: =125, H: p < 125, PIX < 124.2) = 0.06066

Not significant so do not reject H,,. There is insufficient

evidence to suggest that the mean contents of a bottle

is lower than the manufacturer’s claim.
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Answers

21 a 0.0342 b 0.0692
Hy: o= 170.2, Hy: pp > 170.2, P(X > 172.4) = 0.0692
Not significant so do not reject Hy,. Insufficient
evidence of an increase in the mean breaking
strength of climbing rope.
22 a Z==1.96— 1000 + 1.960 = 1010
1.960 =10 — ¢* = 26.03 (2 d.p)
b Hg p=1010, Hy: p = 1010,
P(X > 1013.6375) = 0.0219
Not significant so do not reject H,. There is
insufficient evidence of a deviation in mean from
1010. So we can assume condition i is being met.
23 a 0.8454
b Hyp=411,H;:p=411,PX >4.3125) =0.0129
Significant so reject Hy. There is evidence that the
mean length of eggs from this island is different
from elsewhere.
24 a X~N(1.%) b Needn =28 or more

Challenge

a 0.2510 b X<104, X=136

¢ 102 is in the critical region, so at the 5% significance
level there is evidence to reject the manager’s claim.
It is probable that less than 48% of people support the
manager.

[x]

Review exercise 1
Student answers may differ slightly from those shown here
depending on whether tables or calculators were used.
1 a 0.9992
b Very close to 1 suggesting a strong correlation
between the two variables

¢ a=0.1244,n = 1.4437
2 a a=0611,0=1.04 b Notinrange- extrapolation
3 a 0.93494...

b 0.935 > 0.7155 so reject Hy; levels of serum and

disease are positively correlated.
4 r=-0.4063, critical value for n = 6 is -0.6084 so no
evidence.
5 a Hgp=0,Hg:p<0.r=-0.9313, critical value for
n=5is -0.8783 so there is evidence. Reject H,.
b Would lead to conclusion that there is no evidence
(critical value = —-0.9343). Do not reject H,.

6 a 0.338(3s.f) b 0.46
¢ 0.743 (3s.f) d 0.218(3s.f)
7 a ¢ b 0.1

c d 0.21 e 0.667(3s.I)
8 a 7] ¢ 0.25
0.4

&
= &

>~}

=

=

Accept 0.2566 ~ 0.2567 d 0.0946

18 0.06703 (5 d.p.) b 0.37% (2s.1)

19 Hg: pe=18, Hy: o < 18, 0.0264 < 0.05 so reject H, or in
critical region. There is evidence that the (mean) time
to complete the puzzles has reduced.

20 a 2.36 metres (3 s.f) b 0.524 (3s.f)
¢ Hpp=1.9 Hp:p=1.9. Less than 1.769m and

greater than 2.031m
d 2.09mis in the critical region so there is evidence
to suggest the mean length is not 1.9m.

21 Hg: p =12, Hy: p < 12, Given the mean = 12°C,

P(X < 11.1) < 0.05. Therefore there is evidence to
suggest the mean is less than 12°C.

b iZori i 2

10 a 1 5| €
0.38

b P(4) =049, P(B) = 0.28

c 5ror0.472(3 s.f)

d No: P(A) x P(B) # P(A N B)
11 a 0.5 b 0.35

C A €

B C
0.05

d i 025 ii 04 i ﬁ?
12 a 0.1975 b £ or0.570 (3s.f)
13 a 0.2743 b 12
14 a 0.0620 b 0.9545

¢ 0.00282 d This is a bad assumption.
15 a Mean 1.700m, standard deviation 0.095m

b 0.337
16 a 1.07(3sf) b 0505(3sf) ¢ 0.981(3s.f)
17 a 0.2225 b 0.2607

C

a

Challenge
1 a 04=p=<07 b 0=<¢g=025
2 a CVsare 144.78 and 173.22 so CRs are = 144 and
=174
b 173 is not in the CR so there is evidence to support
the politician’s claim.

Prior knowledge 4
1 13.1cm, 12.0cm

2 a 108N b 21.6N ¢ TBN(2sf)

Exercise 4A

1 a 6Nm clockwise b 10.5Nm clockwise
¢ 13 Nm anticlockwise d ONm
2 a 10Nm anticlockwise b 30.5Nm anticlockwise
¢ 13.3Nm clockwise d 33.8Nm anticlockwise
3 a i 313.6Nmclockwise ii 156.8Nm anticlockwise
b Sign is a particle.
4 a ONm b ONm
¢ 36Nm anticlockwise d 36Nm anticlockwise
5 2.5N
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Exercise 4B
1 a 5Nm anticlockwise b 13Nm clockwise
¢ 19Nm anticlockwise d 11Nm anticlockwise
e 4Nm clockwise f 7Nm anticlockwise
2 a 16Nm clockwise b 1Nm anticlockwise
¢ 10Nm clockwise d 7Nm clockwise
e 0.5Nm anticlockwise f 9.59Nm anticlockwise
3 6m
4 1.6
5 528448 Nm anticlockwise
6 6000 x xsiné > 8000 x Lxcosd

6000sinf = 4000 cos#
siné - 4000
cosf 6000

2
tand = :

Exercise 4C

a 10N, 10N
¢ 12N, 8N
a 75175
0.5m

59N

31em from the broomhead

a 16.25N, 13.75N b 32m

a 784N b 0.625m
a 122.5N b 1.17m
a 3T =4W+8x30

3Tc=4W+ 240
9T, = 8W + 480
Tp= %W+%
b T,=%-2 ¢ 750N

3
10 14.1N
11 a R,=60N b 33.6kg

—

b 15N, 5N
d 12.6N,7.4N

b 30,35 ¢ 245,2%

Lo~ UL e W

Challenge
3kg, 5kg, 1kg, 2kg, 4 kg (from left to right)

Exercise 4D
1 R,=24N,R,=3.6N
2 a 10gN
4m from A
a 294N, 118N
a 160N
a 3m
b Centre of mass lies at the midpoint of the seesaw.
¢ 2m towards Sophia.
7 RI‘: = SR;;
Re+Rp=80+W
- sng "
Taking moments about A:6 R, + 208, = 80 x 10 + xW
50R ;=800 + xW
25W = 3xW =400
7 400
W %
8 1l6m

b 3.5m from A

b 211m
b 2.77m

SO W

Challenge
1.61m

Exercise 4E

N

2 3

3 2

4 a b 2x12220x0.5
¢

Answers

5 25m
6 a Taking moments about N:
mg x ON = 3mg x 2a so ON = 3a

b i—ﬁmgN
7 40N

Mixed exercise 4
1 a 105N b 140N
¢ 1.03m to the right of D
2 a R(1) gives reaction at C = reaction at D) = 5
MIC): (1 % 150) + Wiz - 1) = 1.5(1502 W)
150 + Wx - W=112.5 + 0.75W
37.5=175W-Wxr= 150 =TW-4Wx

150
W= 7-4x

b 0<x<{
3 a 40g b 05m
¢ i The weight acts at the centre of the plank.
ii The plank remains straight.
iii The man's weight acts at a single point.
4 a 2.5x100=35W+150(3.5-x)
250 = 3.5W + 525 - 150x
150x = 3.5W + 275
300x = TW + 550

b W=790 - 300x ¢ x=2.53 W=30
5 a 200N b 2lem
6 a 36kg b 22m
7 a 19.6N b 5
8 2
9 a 125N b 1.8m
10 4.88m
11 2.39m
12 a 19000 b 500kg = M = 2000kg
¢ This model has the crane only able to lift weights of
500kg at full extension, not very practical.
Challenge
1 3.28m
2 a 691N b 163N
Prior knowledge 5
1 (i+2jjms>
2 a 16.55 b 25.02°
Exercise 5A
1 a i 11.3N(3s.f) ii 4.10N(3s.f)
iii (11.3i + 4.10j)N
b i ON ii -5N iii —5jN

¢ i -5.14N(3s.f) ii 6.13N(3s.1)
iii (-5.14i + 6.13))N
d i -3.86N(3s.f) ii —4.60N (3s.f)
iii (-3.86i - 4.60j)N
i -2N ii 6.93N(3s.f)
i 8.13N(3s.f) ii 103N (3s.1)
¢ i (Pcosa+Q-RsindN
ii (Psina - Recos AN
3 a 39.3N(3s.f)atan angle of 68.8° above the
horizontal
b 27.9N (3 s.f.) at an angle of 16.2° above the
horizontal
¢ 3.01N (3 s.f) at an angle of 53.3° above the
horizontal
4 a B=304N,A=4.72°
b B=285N,6=29.8°
B=139N,8=7.52°

oe

]
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Answers

5 a 2ms? b 48N
6 202N

7 36.3(3s.f)

8 2Tsin60 + 20g = 80g

+~_ 60g . 7
r_}.’sinéll‘zo"ig

9 F,=12/3N,F,=20N

Challenge
F;=6y2 - /6N,F,=2y3 -2

Exercise 5B
1 a R

b 27.6N (3s.t) ¢ 3.35ms>
2 a R
59
b 424N (3s.f) ¢ H.1ms*=
3 a 392N(3s.f) b 5.88ms*(3s.f)
4 a R

30N

b 148N (3s.f)
5 a 0.589kg(3s.f)
6 0.296ms™” (3 s.f)
7 15.0N(3s.f)
8 R(/): 26cos45 —mgsina-12=m x 1

13/2-12=m+ymg
13/2 - 12

1+2

m=1.08kg (3 s.f))

b 49ms™*

m=

Challenge

a mgsinf = ma and mgsin(f + 60) = 4ma
4sinf = sin(f + 60)
4sinf = sinfcos 60 + cosfsin6H0

4sinfl = Jsind + Beosh

2
%Siﬂﬁ'—%t()bfﬂ
tanf =2
b 13.9°

Exercise 5C

1 a i 3N ii F=3N and body remains at rest
b i 7N ii F=7N and body remains at rest in
limiting equilibrium
¢ i 7N ii F=T7N and body accelerates
iii 1ms*®
d i 6N ii F=6N and body remains at rest
e i 9N
ii #=9N and body remains at rest in limiting
equilibrium
f i 9N
ii F=9N and body accelerates
iii 0.6ms™
g i 3N ii /= 3N and body remains at rest
h i 5N
ii /=5N and body remains at rest in limiting
equilibrium
i i 5N ii /= 5N and body accelerates
iii 0.2ms™
j i 6N ii F=6N and body accelerates
ili 1.22ms>* (3 s.f))
k i 5N ii /= 5N and body accelerates
iii 3.85ms?(3s.f)
1 i 127N@3s.f)
ii The budy accelerates.
iii 5.39ms*(3s.f)
2 a R=88N,u=0083(2sf)
b R 80.679N, = 0.062 (2 s.f)
¢ A=118N,u=0.13(2s.f)
3 0. 242 (3 s.f)
4 0.778N (3s.f)
5 56.1N(35.f)
6 16.5N(3s.) )
7 a User=u+attofinda= —%ms"ﬁ‘

R(—); —pimg = ~<m

p:

Let A be a constant resistive force of air resistance.
From parta, a = _5
R(—) and using prmn s second law: —pumg - A = - —m

So pumg = -

=g = J_(‘r

Challenge
R(/): mgsina - pmgeos o = ma
gsina — pgeosa = a

Mixed exercise 5

1 a 320N(3s.f)

2 F,=27.8N,F,=242N(3s1)

3 a

b 0.5ms?

R 20N

4N 450

v

29

b 13.9N(3s.f)
¢ Res (/) 16— 2gsindb = 2a

_ 16 - 2gsin45
- 2

=1.1ms™? (2 s.f)

4 2.06ms=(3s.f)
5 Ri=):F-= 150(1)545 + 100 cos 30

6 =

13,

15 100,73
S B
=25(3/2 + 2/3)N

V3

23
200 @ Full worked solutions are available in SolutionBank. #



7 7.2N
8 341ms?(3s.1)
9 a 4400N (2s.f)
b 0.59(2s.f)
¢ i e.g The force due to air resistance will not remain

constant in the subsequent motion of the car.
ii e.g. Whilst skidding the car is unlikely to travel in
a straight line.

Challenge

Fuax = 0.2 x 400g cos 15" = T60N (2 5.f)

Component of weight that acts down the slipway:

400g sin15° = 1000N (2 s.f)

1000N > 760N so boat will come to momentary rest then
accelerate back down the slope.

The boat will take 6.9 seconds to reach the water,

Prior knowledge 6
1 a 11.5m

b 3.1s
2 x=wvcosl, y=rpsind
3 ai cosd=3 i tanf=2
b i sinf= i cosf=12
Exercise 6A
1 a 1225m b 100m
2 a r=36m,y=19.6m b 41m
3 u=16.6ms’
4 77.5ms!
5 0.59s
6 19m
7 a 051s b 042 ¢ 3.4m
Exercise 6B
1 a u=192ms", u,=16.1ms"
b (19.2i + 16.1jjms™!
2 a u,=169ms"', u,=-6.2ms"
b (16.9i - 6.2j)ms"
3 a u=323ms' u,=135ms"!
b (32.3i + 13.5)ms"
4 a u,=269ms’, u,=-7.8ms"!
b (26.9i-7.8j)ms"
5 10.8ms!, 56.3°
6 6.4ms’, 51.3° below the horizontal
7 a 33.7° b k=3ork==3
Exercise 6C
1 3.1s(2s.f)
2 85mi(2sf)
3 a 45m(2s.f) b 79m
4 a 27s(2s.f) b 790m (2 s.f)
5 a 10m(2s.f) b 41m(2s.f)
6 a 39s(2s.f) b 56m(2s.f)
7 55° (nearest degree)
8 a (36i+27.9j)m b 13ms'(2s.f)
9 a 22°(2sf) b 97m (2s.f)
10 a 16(2s.f) b 1.6s(2s.f)
11 a 44 b 88 ¢ 50°(2s.f)
12 a 1.1s5(2s.f) b 34m(2s.f)
13 a =40.6° (nearest 0.1°)
U=44(2s.0)
14 a 15.6ms! b 2.92s ¢ 22.3ms"!
15 & k=735
b i 13.6ms' ii 72.9° below the horizontal
16 a 10.7ms"’ b e.g. weight of the ball; air resistance

Answers

Challenge
R(—): s =12t and s = (20 cosa)t
s0 cosa = 0.6 and sina = 0.8

R(T):
Sot=

20sina 16

5 =-4.9t*+ 40 and s = (20sina)t - 4.9¢*

40 _ 40 _ 5 5 geconds

Exercise 6D
R(1): 0% = U?sin? o - 2gh

1

At maximum height, v =
Rearrange to give f =

a

d

Using v = u + at, at max height ¢ =

050 0 =U*%sin® o — 2gh
Utsin?a
2g9
Ty = ; 2 x
R(—=):x=21cosa = t,s0¢ =

@

1 xr
R(1): y = ‘Zli’m“lemsn Eg{zlcnsn]

y=xtan o —
tana = 1.25

R(1): s = Ussin o x t - J#¢
When particle snl'i!(es plane, s = 0 = (Usina - %,5]
Sot=00rt= —Bh";""'

‘)U{th a

L?sin2n
g

is greatest when sin2a = 1

R(=):s=ut= UCI‘JS(}(%} -

U%sin2
Range s = %

Occurs when 2a = 90° = a = 45°
12° and 78°

2
a

So time taken tu return to the ground =

Using s = ut + 5 atz distance travelled h\f one part =

2!"( ) ,_J;n_
So two parts of firework are ="+

a

-2

=]

=

b

i
2v*, 208 4¢2
7t g =g ——apart.
X

R(=): x = Ucosa x t, 50 t = ——
U cosa

foi 15
R(1): y = Usina x t - gt _
. . i _pres x % 1 g
Substitute for t = y = Usina| trosc) 54
sine
COSo

(vea)
Ucosa
Use tana =

and rearrange to give
y=xtana -

13.7m

A =
R(=):x=Ucosa x t,s0t = e

R(1): y = Usina x t - %grr2

. n faser o Tl % L.t %
Substitute fm_ t=y= ann (Teesm) - 9 eosn)
Use tana = S and &~ = seca, and rearrange to
give

Y =xtanao

20 cos* "

g% o
2[._,_,!:(}(. a.
Use sec’a = 1 + tan®a, and rearrange to give

y=xtann— [1+tan al.
93.8m
4.4s

Rl=hx=9=Ucosa xt sot=

2Le

o
Ucosn

R(1): y = Usina x t - lg:e
Substitute for t = y = Usina(

9 \_1. 9
Ucosa ] B Eg(f![‘uSn ]
and y = 0.9. Rearrange to give

81g
2 L_’E ('.l).qz (83 g

o _ Sina
Use tana = o

0.9 =9tana -
10.3ms"!
R(—=): x = kt, so tj:—i-

R(1):y =2kt -

Substitute fOI’.“:>J i 2 .zk?

« 4k 2k*
i m ii g-m

201



Answers

Challenge 2
For the projectile: y = xtana — &_?72 so for a = 45°
I]H"" J<C08"
y=x-7m
For the slope: y = —x
Projectile intersects the slope when —x = x — % = ¥= %
. [(21r\? | (2LP)? _ [P\ _ 221
Distance = | [T) + [T) = 1;8(_?) =22
Mixed exercise 6
1 a 45m b 6.1s
2 h=35(2381)
3 a 36m b 30m (2s.f)
4 a 140m(2s.1) b 36ms!(2s.f)
5 a R(ks=Usindt- %rz
When particle strikes plane, s = 0 = {{Usin# — %t]
Sot=0or¢=2Usiné
g
RrE-»}: s = Ut = Ucosg (2L31n8) - Len20
b % ¢ 20.9°,69.1° (nearest 0.1°)
6 a 20s(2s.f) b 3.1s(2s.f) ¢ 36ms'(2s.f)
7 a 2m b 5.77° or 84.2°
8 a 0.65s b 1.5m ¢ 23.8ms!
9 a Particle P: x = 18t, Particle Q: x =30 cos a x t
When particles collide: 18¢ = 30 cos o x t = cosa = %
il ;
b ‘*55
Challenge
62ms™!
Prior knowledge 7
1 0.278(3s.0)
2 12.25N
Exercise 7A
1 ai Q-5c0830°=0 ii P-5sin30°=0
iii Q=4.33N P=25N
b i Pcosd+ 8sin40° - Tcos35° =0
ii Psin#+ 7sin35" - 8cos40” =0
iii #=74.4°P=2.19N
¢ i 9-Peos30°=0
ii Q+Psin30°-8=0
iii Q=280N P=104N
d i Qcos60® + 6cosd5®-P=0
ii Qsin60® - 6sin45° =10
iii =490N P=6.69N
e i 6c0545°-2cos60° - Psinéd=10
ii 6s5in45° + 2sin60° - Pcos#—-4 =0
iii #=58.7° P=3.80N
f i 9cos40°+ 3 -Peosd—8sin20°=0
ii Psin#+ 9sin40° - 8cos20° =0
iii #=13.6°P=7.36N
2 ai Q ii Q=4N,P= 8N
P Y3

4N PN

45° 6°
<
7N

il #=34.1°, P=5.04N
3 a P=433N,Q=25N b P=707N,Q=7.07N
¢ P=473N,Q=420N d P=3.00N, Q=0.657N

e P=924N,Q=462N

Challenge

A _ B _ c
sin(180 - ) ~ sin(180 - 3)  sin(180 - ~)
A B G
sina — singd — sing
Exercise 7B
1 35N (2s.f)
2 a 20N b 1.77
3 a 337 b 144N
4 30 N (right) and 43 N (left) (2 s.f.)
5 a 5.46N b 0.76kg
¢ Assumption that there is no friction between the
string and the bead.
6 a 146N b 55g
7 a 26 b 44N
8 a F=19.6m,R=98m b F=17m((2s.f),R =0
9 139N 10 392N
11 a 15.7N(3s.f) b 37.2N(3s.f)

¢ Assumption that there is no friction between the
string and the pulley.
12 R=040N (2s.f)

Exercise 7C

1 0.446 2 0.123

3 a 1.5N b Not limiting
4 a 40kg

b The assumption is that the crate and books may be
modelled as a particle.

5 a 119N b 6.40N
6 0.601 (accept 0.6)
7 a 133N b X=9.54N
8 a 227N
b 9.97N down the plane
¢ p=0439
9 a X=4438 b R=51.3N
10 T=102 (3 s.f) 11 275 =T=3.87N(3s.f)
12 0.758 13 67.2N
Exercise 7D
1 34.6N,50N, 17.3N, 0.35
2 a 228N b 98N,228N ¢ 0.233
d The weight of a uniform ladder passes through its
midpoint.
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3 a 41.6° b 24.0°
¢ No friction at the wall.

4 a 5im
b i The ladder may not be uniform.

ii There would be friction between the ladder and
the vertical wall.

a 1.99N b 0.526
¢ There is no friction between the rail and the pole.
6 R(1): R=mg. R(=): N = umg
Let the length of the ladder be 21
Taking moments about A,
mglcost = 2pmglsintl
Cancelling and rearranging gives
2utand = 1
7 104N, 64.5N, 0.620
8 R(1): AR+ puN=mg, R=): N=pu R
Taking moments about the base of the ladder
2N tand + Z;QN myg

151

2tan9+2;¢d_ =+ Mz
2ta_n0=m—az

1-ppy
2y

tan# =
9 &g
b F=P=N3 R=W F<uh pu=3
¢ W

10 a 6.50N, 10.8N b

=
V3

11 a %w b (2\3-2)W<P ( +z)w

¢ Itallows us to assume that the weight of the ladder
acts through its midpoint.

i The magnitude of the reaction at ¥ will get smaller,
ii The range of values for P will get smaller.

91.5N (3 s.f)

70.1N (3 s.f.) parallel to and towards the rnd

M(A) acos30° xmg=2asin30°xP=P=

=

12

13 - - mg N

T o2 TR

? mg N at an angle of 49.1° (3 s.f.) above the
horizontal, away from the rod.

Exercise 7E

1 335ms?(3s.f)
2 a 27.7N(3s.f) b 2.12ms™?
3 a 243ms?(3s.f) b 493ms'(3s.f)
4 0.165(3s.f) 5 0.20(2s.f)
6 0.15(2s.f)
7 a 88.8N(3s.f) b 0.24 (2s.1)
8 a =24 b 23.5m(3s.f)
¢ 2.35s(3s.f) d 124mst (3s.f)
9 0.180(3s.1)
10 R(N): R =mgcosa, R(L7): pR — mgsina = ma

Hmgeosa — mgsina = ma
pgeosa — gsina = a
11 a 0.155
b The particle will slide down the hill. The component
of weight down the slope 5gsin10 = 8.51N is greater
than the friction 0.15524... x 5gcos10 = 7.49N.

Exercise 7F
1 28ms?!

2 a 1.12ms* b 4100N

Answers

¢ The resistances are unlikely to be constant as the
resistance will increase as the speed increases.

3 a 219N b 0418(3sf) ¢ 38]\\(25[']
4 a 18N(2sf) b 2 ¢ _s
5 a For particle on LHS B
R(N): By = V3. R(): T=2g+g
For particle on RHS B
R(/): R, = qu RN T = lmg - img.t
Fnr rnamrnurn \«alua of m, R() is equal to R(,/7):
mg-*—mg— ‘---g+g=;- lm——‘imv?+ 1
1 43 Va _ 10+2/3
= (E——]m _—+ 1==ms= S35
b 0.155ms™* (3 s.f))
6 a 3Ims? b 10.88N
¢ R(=):T-15ug=4.5
p=1088243 - 3.2 - 0,434 3s.6)
d The string doesn’t stretch so the tension in the
string is constant.
Challcnge
For particle on LHS: R(7): T = %mlg
For particle on RHS: R(\): T= ‘?m‘.g
To prove, equate values of T.
b If (attempted) motion is down slope on RHS

Consider particle on LHS: T'= —m,g 1= ,umlg

Consider particle on RHS: T— —ng - E,um;g
Equate values of 7"to find o o

If (attempted) motion is down siope on LHS
Consider particle on LHS: T = —m,g - ;:m] g
Consider particle on RHS: T =1 FHMag + —3ng

m,

Equate values of 7 to find 5+

Mixed exercise 7

1 a 323°(3s.f) b 16.3N(3s.f)
2 a 18.0°(3s.f) b 43.3N(3s.f)
3 T,=1062N,T,=1013N
4 12N (2s.f)
5 a 12.25N b 46.6N (3 s.1)

¢ F will be smaller as friction is acting up the slope.
6 a R(1):Tcos20=2g+ Tcos70=T= 7009202_!;“%?0

=33N(2s.[)

b 42N (2s.f)
7 a 364N (3s.f) b Hill unlikely to be smooth.
8 R(=):F=N

Taking moments about A

Fa sinfl + %mga cosfl = baNsinf

5mgcosfl = 4Fsind

%mg Ftang
9 i

28 e
10 a 5

b R(1): AR+ ,u.N =W, Rl=:N= %

;:W = =
¢ The ladder has negligihle thickness/the ladder does
not bend.
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Answers

11 a Taking moments about point where ladder touches
the ground
R(1: A=W, Rl=):N=0.3R
1.5W = 1.2W. This cannot be true so the ladder
cannot rest in this position,
b R(=):F=N
Taking moments about point “fét]:re ladder touches

the ground 1.5W=4N, F=N =

w
4y
12 18N (2 s.f)
13 94.3N (3 s.f)
80.6N (3 s.f), 54.2° (3 s.f) to the horizontal
832N (3 s.1) b 620N (3 s.f)
M(A): T sin# = 40g
R(1): T siné = 40g + V= V =0, so the force acts
horizontally.
15 0.070 (2 s.f)
16 6.35ms= (3 s.f)
17 R(=): T'= pm,g = m,a. R(1): T = mg — m.a
ma A+ pmyg = muyg — mea
glm, — pm,) =alm, + m,)
18 R(/): T~ m,g sin30 = 3m,,
R(N\): my qcos45 -T=4m,
and T'= —nhg
v 2m_g My =My + M9

m,v2g-1)=m,(1 +g)

c

14

SR oe

1
2mg, T—EmE +5Mig

Prior knowledge 8 )
1 a 19i-43j b —10i+11j ¢ i-1%j
2 a 23ms! b 52m
3 a i be¥ ii 6cos3x
b i %e-“-l ii %sianrx
Exercise 8A
1 a 6i+12j b -7i+4j ¢ -2i+6j
d 10i-13j e 2i-3j f 4s
2 B3,61,319° 3 255
120 - 30t
4 . b 4
.—I.U+4UtJ .
5 2.03ms!
6 a Tri+ (400 + 7t)j. (500 - 31)i + 157j

b 350i + 750j

[ 15
7 a 4‘[115- h(2)m
= 10
8 a -Ji-{jms?
b (10 + 15¢ - 2¢%)i + (-8 + 4t - {#*]jm
9 a (%)ms b 688m
15
10 60)m
11 a IZImH".(}.OSmS'] b 18i-3j
¢ 15i-12j
12 a |—?_1m i b s=(-4t+ 0.5 + (8¢t - 3.5¢%)
¢ 15:00 d 160§
13 a North-east of O when i and j components are equal
20-3=T-H=20+4-10=0=1*+2t-5=0
b 1.70m ¢ 7.83ms"!, 026.6° d 19.3m
Challenge
24s
204

Exercise 8B
1 a (36i+27.9j)m b 13ms™'(2s.f)
2 a r=(40i+(5t-5 b 1.25m
3 a Either answer with justification
e.g. The sea is likely to be horizontal and relatively
flat, whereas the ball is subject to air resistance,
so the assumption that sea is a horizontal plane is
most reasonable.
Or e.g. Although the sea is horizontal it is unlikely
to be flat because of waves, so the assumption that
the ball is a particle is most reasonable.
b v=(6.9i-17jims' (both values to 2 s.f.)
¢ 5.5ms*(2s.f)
4 a RO:0=dur-5¢ ==
R(=): 750 = 3ut=24% — 2 = T s 4y =175
b 250m ¢ 22° (nearest degree)
5 a 48m b 120m (2 s.f)
¢ T=25s8r1=(20i- ~-j}m
6 a x=at=t=%
2 g apd
y=bt-5e=y=bE -5(%) =y=20-32
b i X=1.6b ii Y=0.05b"
Exercise 8C o
1 a “_ma,.r ‘1_ b Szrz_—+51:2nr t
y = _Cosdat 2 1
2 a v= 5k b =
_ _sindxt | 2t
C s=-Sg g+ 1
. _sindmt 1
3 a = 4 b 4
—gcosdnt 1 1
¢ S=T6x2 ~Toxt d 5 o 16
4 a 1.18ms*! b -0.152ms*
¢ -0.759N
5 a 05ms"! b 0.1 ms*!
6 a 12.9ms!in the direction of s increasing
b 24ms' in the direction of s decreasing
¢ 132m d 20.8mand 118.5m
7 3.31s
8 a k=40,T=25 b 4ms!
c v= 2? so for small ¢, the value of v is large
e.g t=0.01,r=200ms", so not realistic for small t.
9 k=1 b t=n 37
¢ a=4cos(§). 4a* = 64cos(5)
v=2+8sin(5),[w - 2)? = 64sin?(5)
4a? =64 - (v - 212 = 64cos?($) = 64 - 64sin?($)
= cos?(5) = 1 - sin¥(5)
= cos?T +sin?T=1
d 10ms', 4ms?
10 a 24ms' b 54.4m ¢ 8.43s d 177.58m
Exercise 8D
1 a (3i+23j)ms! b 18jms™
2 (0.024i + 0.006j)N
3 a 0.305s b 6ms!
¢ i-component of velocity is negative, j-component
of velocity = 0
4 a 20ms?!
b « = 8i- 6§, no dependency on ¢ therefore constant.
|a| = 10ms=
5 a 6/5ms! b t=2
¢ (-16i+4jim d 155N (3s.f)

m Full worked solutions are available in SolutionBank. #



6 a k=-05-85
b 10ms=for both values of &
7 a 52ms’! b (12i+1 j)m5
8 a 4 b (- 36:+8_]]ms' B
9 a=4i+ 2j notdependency so constant. a] = 25 ms™
10 a V15 b (—4/30i+2v15j)ms*
Exercise 8E
1 a 16ims? b 128i-140.8jm
2 a 13m b (4i+ 6j)ms?
3 a ( 4z+z———]1—() costj b(2#x%2-4x)ms”’
4 a [5—;—3t+2)1+(8£—§—5U)ma’
b t=3 c J‘ ms!
5 a £{:2+6)i+{2r~f—;)j)m b ﬁjm
6 a Hi-ljms' b (94i - 654j)m
7 a (20 -31°-4i+ 42 - 3t-T)jims!
b t=1%
8 a r=(202-3t+1)i+(4t+2)jm
b i 34 ii r=36i+22j
Challenge
3s : 52
r=[T”r+1)|+( 2 +1)j
Mixed exercise 8
1 4.8i- 6.4

2 10.1m

3 a 26+ (=500 + 31)j b 721m

4 a (1+20i+(3-0j(5-0i+(-2+41)j

b rg=ry—r,=(6-0i+41-2)j-(1+20i+(3-1)

= (4 - 31i + (51 - 5)j

¢ ForAand B to collide r,, = 0
Equating i — ¢ = 3 ,equating j — ¢ = 1. Times are not
the same therefore the ships do not collide.

d 5.39km
5 a 48m b 120m(2s.[)
6 a p=16,¢g=194 b 25.1ms”’
¢ "‘ d 3.50s(3s.f)
e e g weight of the ball, air resistance
7 a 76.6m(3s.t) b 110m (3 s.f)
8 a k=-4 b 4m ¢ 0.05
9 a 03/3m b t=3 ¢ 0.329ms? (3 s.f)
10 a (In2 - 2)ms? in the direction of x increasing.
b %m
11 a Vpis (6ti + 2j)ms ' and V, is (i + 3¢jms!
b 12.2ms' (3s.f)
c t=1
d I:quatel components and solve {o get t = 1
Equate j-components and solve to get f = 01 1
Sot=1andr=(7i+3jm !
12 a Differentiate: v = 6ti — 8tj, a = 6i - 8j so constant
b 10ms*
143.17 (nearest 0.1°)
13 a -6ims™'
b Differentiate: v = —6 sin 3ti - 6 cos 3tj,
a=-18cos 3ti + 18 ';m‘%z]
lal = 182(cos?t + sin’t) = 18 ms™* so constant
14 a Differentiate: a = 4ci + (14 - 2c)tj,
F = ma = (4ci + (14 - 2¢)tj)
b 4. 2! ~8.07
15 a ((2¢' -3¢ - 4)i+ (4 - 3t = 7)jms™!
b 1=
16 10/41ms!
17 a v=(i*+3)i+ (3t + 13} b 5s

Answers

Lhallenge

a
b

c

b

c

20 m

v=0ms"' when ¢ = 1.64s (or -2.445) so only
changes direction once

2,20(20 + 1)

Differentiate: ¥ = (bwcoswt)i-(4wsinet)j

[Ff? = (3607 cos® wt)i + (16.4sin.t)j

use sin“et + cos®ut = 1 and 2 cos®wt = cos2ut + 1
v =y26u” + 107 cos2et max when cos2.¢= 1 and
min when cos2ut= -1

70.2° (1 d.p.)

Review exercise 2

1 a
C
2 a
b

c

a

(=25 B S

oe

10
11

12
13

-

14 a

15 a

573N (3 s.f) b 427N (3s.f)

All his weight acts through a single point.

Taking moments about C: 2.5 mgl = 4Rl

So Ry = g myg (as required)

Taking mnmmm about B: 1.5mgl = 4R

SoR.= mg (as required)

i The wezght of the plank acts through its
midpoint.

ii By modelling a plank as a rod you can ignore its
width.

125N b 750N

0.375m
19.8N (3 s.f))
R(\): Feos30 - 2gsin45 = 4

\3F 4+ 29‘

= F= —14 + 12 g)N (as required)

144767 N (to the nearesl whole number)

0.10 (2 s.f)

0.74 seconds (2 s.f)

Will not remain at rest. Fy, = 15000N and
component of weight down slope = 26 000N which
is greater.
0.404s (3 s.f))
19.8ms ' (3 s.f)
The ball as a projectile has negligible size and is
subject to negligible air resistance.

Free fall acceleration remains constant during flight
of ball.

2.7s(2s.f) b 790m (2 s.f)
u=3.6(2s.f) b k=86(2s.f)

43° (2 s.f)

(36i + 27.9j)m b
u, = usina, s, —0 a=-g
Usm;, s=ut + m- 0 = ut sina - —gr-
2u sina

b 0.808m (3 s.f)

13ms™ (2 s.f)

Lot =usinasot =

ux=uuus“.s,=H.a=0.t=%
Using s = ut ++at®:

2using cosa

B = ut cosa= 2u’sina cosa _ usin2a
= ut - : |

R is maximum when sin2a is 1, which is when
2a=90° = a=45"

12° and 78° (nearest degree)
R(1): Tcos30° = g + Teos60°

T= _-;%_1 (as required)

36.6N (3 s.f)

There are no frictional forces acting on the bead.
Resolving perpendicular to the slope:

R = 500gcosa and cosa = 2%
So R = 480g (as required) ~
68gN

|
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Answers

16 2.46m (3 s.f)
17wl

2 tana
18 444N (3 s.f)
19 289s(3s.f)
20 a rp= (400 + 3000)i + (200 + 250¢)j and
ry = (500 + 6001)i - (100 + 200t)j
b 100i - 300§
¢ 1390km (3 s.f)

21 a v=3+5 4-@-“
t=0=v=3+4k=10=k=1
29
b '?;'lTl
22 a ((#+2)i+fims? b 27.5ms" (3 s.f)

¢ 4.12ms* at an angle of 14° to the positive unit i
vector
23 a (24i+12j)ms?!
24 2dm(2sf)
25 a v=(2-3¢4+3)i- (402 + 4 - 1)j
b 0,2075(3 s.f)
26 a v=(-2t+8)i - 2ij

b $L=8i+4

b t=2s

Challenge

1 Taking moments about B, in limiting equilibrium:
0.4mgk = 0.4k x 100 + 1.2Fk
12F = 4mg - 400, so F = 'lmq— 100)N

So in order for m to be lifted F > 1 zlmg — 100)N

2 Max distance: 12.3m, t = 323.13
3 R(—):dcosf=usinf xt=t= "‘t“;',’s""
usint
R(1): —dsinf = ucos = t — gtz
Substitute for t.
Rearrange to show that d = ~— *tanfsecd

Exam-style practice
1 a 04133
b nislarge, pis close to 0.5
¢ 0.1146 (4 d.p.)
d The probability is not significant at the 5% level so
there is no evidence that the claim is incorrect.
2 a

| B '
i |
|
A c
|
|
i
0.133
3
b 04x0.55=20.2 ¢ 10444103 sl
d 30325
206

11

oe cAanoDe

L ]

Continuous — it is a measured variable

19.4°C and 2.81°C (both to 3 s.f.)

Continuous data, unequal class widths

7.97°C

Hy: p=0; Hy: p > 0. Critical value = 0.6215 so no
evidence that the population correlation coefficient
is greater than zero.

Yes - the value of the PMCC is close to 1.
k=1.19,n=2.13 (bothto 3 s.f)

Value of ¢ is a long way from the range of the
experimental data so extrapolation - no it would
not be sensible.

80.1% b 0.9406

Hy: o= 4.5, H: p = 4.5 Probability = 0.059 so not
significant — there is no evidence to suggest that the
mean weight is not 4.5kg.

0.731 (3 s.f)
Position vector at ¢ = 3 is -43i - 4j,
distance = 43.2m (3 s.f.)

a

ceEes

ae

10.2s (3 s.f) b 128m (3 s.f)
89.0ms™! (3 s.f)

30i-40j b 50m ¢ 12s d 102°
18.6N

For P, R(«): T- u3g = 3a s0 18.6 — 29.4u = 1.5 and

w = 0.582 (as required)

0.175s

Tension and acceleration are equal both sides of the
pulley.

Tﬂking moments about £

s Lmgl = Tx where x = Isina and sina = %
lmqt’- IT'soT=1

W or 0.42 (2 s.1)

mg (as required)

M Full worked solutions are available in SolutionBank. #



acceleration
due to gravity 107-10,
113, 116, 120
friction 100
inclined planes 96-9
variable 167-77
vectors 160-7, 171-7
addition formulae, sets 27-8
angle of projection 111-25
area under the curve, normal
distributions 38

bell-shaped curves, normal
distributions 39
binomial distributions,
normal distribution
approximating 53-5, 64
bivariate data
correlation coefficients 5-12
exponential models 2-5
boundary conditions,
constant of integration
173

calculus, variable acceleration
167-77
centre of mass, moments
80-3
closed triangle, equilibrium
forces 94, 129-30, 131
coding of variables,
exponential models 5-8
coefficient of friction 100-4
colliding particles. integrating
vectors 175
complement of sets 17
components of forces 91-6
conditional probability 16,
21-34
tree diagrams 31-2
two way tables 21-4
Venn diagrams 24-8
connected particles
inclined planes 1504
rough surfaces 153-4
constant acceleration, vectors
160-7
constant of integration,
vectors 173
continuity corrections,
normal distributions
approximating binomial
distributions 54
continuous probability
distributions 38-9
continuous random variables,
normal distribution
37-64
coplanar forces
resultant moments 73
static equilibrium 132

correlation coefficients,
product moment
correlation coefficient
5-12,15

correlations, hypothesis
testing 8-12

critical regions/critical values,
hypotheses testing with
normal distributions 57

differentiation
variable acceleration 167
vectors 171-3
differentiation with respect to
time 171
direction of motion,
components of forces
acting at an angle 91-6
direction of rotation.
moments of forces 71
discrete random variables
normal distributions
approximating binomial
distributions 54
probability distribution 38
displacement, vectors 160-7,
171-7
dot notation, differentiation
with respect to time 171
dynamics, inclined planes
146-54

empty sets 17,20
equilibrium
rigid bodies 76-80, 142-6
static particles 129-42
triangle of forces 94,
129-30, 131, 134
events, sets 17-21
exponential models,
regression lines 2-5
extrapolation 3

forces
applications 128-58
at an angle to direction of
motion 91-6
in equilibrium 7680,
129-45
friction 90, 1004
moments 70-89
projectiles 107-27
resultant moments 73-6
smooth inclined planes
96-9
variable acceleration 168
friction 90, 1004
connected particles 1501,
153-4
dynamic particles 146-50
rigid bodies 1424
static particles 13742

gravity, acting on projectiles
107-10, 113, 116, 120

greatest height of projectiles
113-14, 116, 122, 166

heights, continuous
probability distributions
389
horizontal projection 108-11
hypothesis testing
normal distributions
56-60
zero correlations 8-12

i-j notation, vectors 160,
162, 165
inclined planes
connected particles 1504
dynamics 146-50
resolving forces 96-9, 102
static equilibrium 130,
132, 1334, 136-42
independence of events,
probability 21, 28
initial conditions, constant of
integration 173
integration, vectors 173-7
intersection of sets 17, 18, 27
inverse normal distribution
function 44-7, 57

kinematics 159-81
variable acceleration in one
dimension 167-70
see also vectors

laminae, moments of forces
72
Lami’s theorem, static
equilibrium 132
limiting equilibrium,
maximum frictional
force 102, 137-42
limiting value of friction 100
linear regression models 6
linear relationships, from
non-linear data 2-5
logarithms, exponential
models 5-8

mass of objects, movement
on an inclined plane
96-9
maximum friction forces
100, 101-2, 137-42
mean value of normal
distributions 39
hypotheses testing 56, 58
standard normal
distribution 47-9
unknown value 49-52

moments 70-89
centres of mass 80-3
equilibrium 76-80, 142-4
resultant moments 73-7
tilting about a pivot 83-5
motion formulae, projectiles
120-5
multiplication formulae,
sets 28

newton metres, units for
moments of forces 71
non-uniform rods, centres of
mass 80-3
normal cumulative
distribution function,
probabilities 414
normal distributions 37-64
approximating binomial
distributions 53-3
finding probabilities 41-4
hypotheses testing 56-60
inverse normal distribution
function 44-7, 57
standardisation 47-9, 64
normal reactions
horizontal surfaces 70,
1004, 137-9, 142-3
inclined planes 96-9. 134,
138-9

one-tailed tests
hypotheses testing with
normal distributions 56,
58
product moment
correlation coefficients
8, 10
opposing forces. friction
1001, 137, 146

parabolas 122
see also quadratic
equations
pivots
centre of mass 80-2
moments 72, 78
tilting 83-5
points of inflection, normal
distributions 41
population mean and
variance, normal
distributions 39
probability
normal distributions 41-4
normal distributions
approximating binomial
distributions 54
set notation 17-21
see also conditional
probability
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probability distributions,
continuous versus

discrete random
variables 38
probability formulae, sets
27-30
product moment correlation
coefficients (PMCC)
correlation measurement
5-8
hypothesis testing 812
projectiles 107-27, 165-7
greatest height 113-14,
116, 122, 166
horizontal projection only
108-11
horizontal and vertical
components 111-27
motion formulae 120-5
range 113, 120-1, 122
time of flight 113-14, 122
trajectory equation 122
vector methods 165-7
proportion of data within
an interval, normal
distributions 45
pulleys
dynamics 150-4
static equilibrium 133-4,
136

quadratic equations,

projectile trajectory 115,

122, 165

random variables, normal
distributions 37-64

range of projectiles 113,
1201, 122

regression 1-13

208

restricted sample space.
conditional probability
21-5
resultant forces 93-6
resultant moments 73-6
equilibrium 76-7, 142-4
rigid bodies
equilibrium 76-80, 142-6
moments 70-89, 142-4
tilting 83-5
rotation, moments of forces
70-89
rough inclined planes

connected particles 150-1,

152, 153, 154
dynamics 146-50
resolving forces 102
static particles 13842

rough surfaces, see also
friction

sample space, set notation
17, 21
set notation 17-21
smooth beads on strings
133
smooth inclined planes
connected particles 151-4
dynamics 148-9, 151-4
resolving forces 96-9
static equilibrium 130,
132, 1334, 136-7
standard deviations
normal distributions 39
standard normal
distributions 47-9
unknown in normal
distributions 49-53
standard normal distribution
47-9, 64

static equilibrium 129-42
friction 137-42
modeling 133-7
rigid bodies 76-80, 1

42-6
smooth inclined planes

130, 132, 133-4,
136-7

statistical significance,
hypotheses testing 56

suvat formulae, vector
equivalents 160

symmetrical distributions,
normal distributions
39,53

tendency to motion, friction
100
tension forces
moments 79-85
static equilibrium
modeling 133-5
tilting about a pivot,
moments 83-3
time of falling, of
horizontally projected
objects 108-11
time of flight, of projectiles
113-14, 122
trajectory equations,
projectiles 122
tree diagrams, conditional
probability 31-2
triangle of forces,

equilibrium 94, 129-30,

131, 134
triangle law of vector
addition 934
turning effects see moments
two-tailed tests

hypotheses testing with
normal distributions 57,
58, 59
product moment
correlation coefficients 9
two way tables, conditional
probability 21-4

uniform rods, resultant
moments 73-80
union of sets 17, 18, 25, 27

variable acceleration
one dimension 167-70
two dimensions 171-7
variance, normal
distributions 39
vectors 160-7
calculus 171-7
constant acceleration
160-7
equations of motion
160-2, 165
projectiles 165-7
triangle law of vector
addition 934
variable acceleration
171=7
velocity 1604
Venn diagrams 17-21, 24-8
vertical motion
gravity acting on objects
107-10, 113, 116, 120
projectiles 111-27

zero correlations, hypothesis
testing 8-12
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