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Series Past Papers 2002-2019

Question 1:
A progression has a first term of 12 and a fifth term of 18.

(i) Find the sum of the first 25 terms if the progression is arithmetic. [3]
(ii) Find the 13th term if the progression is geometric. [4]
Answer:
4 (i) a=12 atd4d=18 ..d-1.5 Bl Comrect only
8,y = 25/2(24 + 24x1.5) Ml Use of 5, formula,
=750 Al 3 | Correctenly.
(i) a=12 ar*=18 =15 MIAL | Corect method forr or 1* (needs ar*)
13 th term = ar”
= |2x{L5) Mi Needs ar'* and method for subbing r (or r*)
= 40.5 ar 40.6 Al 4 | Cotrectonty. 9700/1/M/J/02

Question 2:

A peometric progression, [or which the common ratio is positive, has a second term of 18 and a fourth
term of 8. Find

(i} the first term and (he common ratio of he progression, 13]
(ii) the sum (o infinity ol the progression, 12]
Answer
. Ml Any 2 equations of type ar"
2. (i)ar=1% and ar®=§ .
Solution to give r=2/3 E?*Il s Curr;::'t ;:;:tlmd on correct 2 equations.
a=18+r=27.0 For his 18+r
" . g . Ml Cormrect formula applied — even if r=1.
(ii) Sum to infinity = a+(1-r) - .
Answer = 81.0 AN 2 | Follow through provided r<l.
(ignore r=£2/5) 9709/1/0/N/02
Question 3
(a) A debt of $3726 is repaid by weekly payments which are in arithmetic progression. The first
payment is $60 and the debt is fully repaid after 48 weeks. Find the third payment. [3]
{b) Find the sum to infinity of the peometric progression whose first term is 6 and whose second term
is 4. [3]
Answer
3 {a) a=60, n=48, 5,=3726
S, formula used Ml Correct lformula (MO if nth term used)
—» d = 30.75 Al Co
3" term = a+2d = $61.50 Al Usecofat2d withhisd.  61.5 ok.
(3]
(b) a=6 ar=4 . =% Mi a, ar correct, and r evaluated
Se=al(l-r)= 18 MIAI Correct formula used, but needs r <1 for
(31 | M mark 9709/01/0/N/03
Question 4:
Find
(i) the sum of the first ten terms of the peometric progression 81, 54, 36, ..., 3]
{ii} the sum of all the lerms in the arithmetic progression 180, 175, 170, ..., 25, 131

Answer
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(i) 81,54,36 r=54/81 or 36/54 B1 Value of r — unsimplified — allow 0.66
Sip=81(1-35"")+ (1—%4) M1 Correct formula — power 10 and used
239 Al Co. More than 3 s.f. ok, but needs 238.8

3]
(i) n=(180—-25)+5+1=32 B 31 gets MO _
Use of any S, formula M1 Correct formula — not for n = 25,5,180
Al Co
— 3280
Bl 0709/01/0/N/04
Question 5:
A geometric progression has first term 64 and sum to infinity 256. Find
(i) the common ratio, [2]
(ii) the sum of the first ten terms. [2]
Answer
(iYa/(1—r)=256and a =64 M1 Use of correct formula
r=% A1 Correct only
(2]

(i) S10 = 64(1-0.75"") (1-0.75) M1 Use of correct formula — 0.75' not 0.75°

— Sy =242 Al Correct only
[2] 9709/01/M/J/04
Question 6:

A geomelric progression has 6 terms. The first term is 192 and the commeon ratio is 1.5. An arithmetic
progression has 21 terms and common dilference 1.5. Given that the sum of all the terms in the
geometric progression is equal to the sum of all the terms in the arithmetic progression, find the first
term and the last term of the arithmetic progression. [6]

Answer

GP a=192,r=15n=6
AP a=a,d=15n=21

S; for GP = 192(1.55- 1) =+ 0.5 1 Correct sum formula used.
= 3990
_ 2 1 Correct sum formula used.
S for AP = ?(23 +20x1.5) DM1 Needs both M's - soln of sim eqns,
A1 CAQO

Equate and solve - a=175
M1 A1 Correct formula used.

21" term in AP = a + 20d = 205
(or from 3990 = 21(a + [\/2 [6] 9709/01/M/J/05
Question 7:

A small trading company made a profit of $250000 in the year 2000. The company considered two
different plans, plan A and plan B, for increasing its profits.

Under plan A, the annual profit would increase each year by 5% of its value in the preceding vear.
Find, for plan A,

(i) the profit for the year 2008, [3]
(ii) the total profit for the 10 years 2000 to 2009 inclusive. [2]

Under plan £, the annual profit would increase each year by a constant amount 30.

(fii} Find the value of £ for which the total profit for the 10 years 2000 to 2009 inclusive would be
the same for both plans. [3]

Answer




Compiled By: Nagash Sachwani

(i) GPwith a=250000
r=1.05 B1 For any use of =1.05
Year 2008 is the 9" term (25000 + 0.05 x 25000 gets B1)
ar® = 250000x1.05* = 369 000 M1 Use of ar™" with =8 or 9
A1y Answer rounding to 369 000. fton r.
[3]
(i) Sip = 250000(1.05'"-1):0.05 M1 Use of correct S, formula — for 10 only
=3 140 000 Al Co — must round to the cormrect answer
[2] | (adds 10 numbers comectly M1 A1)
{iii) AP
Sio = 5(500 000 + 9D) M1 Correct S, formula.
= answer to {ii) DM Forming + soln
— D=114 300 Al Co.
[3] 9709/01/0/N/05
Question 8:
(a) Find the sum of all the integers between 100 and 400 that are divisible by 7. [4]

(b) The first three terms in a gcometric progression are 144, x and 64 respectively, where x is positive.

Find
(i) the value of x,

(ii} the sum to infinity of the progression.

[5]
Answer
@l a =105 B1 co
Eithesr /= 399 o= 7 E1 (9]
n=43 B1 oo
a0 B30 B1 Lotn
[4]
) =614 — r=% M1 award in either part
{iy  Eltherx=ar —» x=086
o 144 S M1 A1 elther method ok
x o Bl
il Useof 5, = Ii N1 Used with his @ and r
-r
Al Co ro
- 432 (5] (nk do not penalise if rand / or x
negative as well as positive,) 9709/01/0/N/06
Question 9:

Each year a company gives a grant to a charity. The amount given each year increases by 5% of its
value in the preceding year. The grant in 2001 was $5000. Find

(i) the grant given in 2011,

(ii) the total amount of money given Lo the charity during the years 2001 to 2011 inclusive.

Answer
(i) r=1.05with GP B1 Anywhere in the question, This could
2011 is 11 years. be marked as 2 + 3.
Uses ar™' M1 Allow if correct formula with n = 10
— $8144 (o0rB8140) A1 co. (allow 3 sf)
3]
(i) Usecof S, formula M1 Allow if used correctly with 10 or 11.
- $71034 Al co (or 71 000)
[2]

[3]
[2]

9709/01/M/J/06
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Question 10:
The 1st term of an arithmelic progression is ¢ and the common difference is ¢, where d # 0.

(i) Wrile down expressions, in lerms of a and d, for the 5th term and the 15th term. [1]

The 1st term, the 5th term and the 15th term of the arithmetic progression are the first three terms of
a geomelric progression.

(ii) Show that 3a = 84. [3]
(ifi) Find the common ratio of the geometric progression. [2]
Answer
b. () a+4d and a+14d B1 Both correct.

]
(i) a+4d=ar, a+14d=ar M1 Correct first step — award the mark for
a a+4d both of these starts.
or 23 = " or “ac=b?*
atdc, aidd M1 Correct elimination of . co.
— 33=8d A1 .
(3] nb answer was given.
(i) r = a+4a’ora+ 14d _ o5
a a+dd M1A1 | Statement + some substitution. co.
(2] 9709/01/0/N/07
Question 11:

The second lerm of a peomelric progression is 3 and the sum to infinity is 12.
(i} Find the first term of the progression. [4]

An arithmetic progression has the same first and second terms as the geometric progression.

(ii) Find the sum of the first 20 terms of the arithmetic progression. [3]
Answer
a
(i) ar=3 and 1 =12 Bl Bl co for each one.
—r
Solution of simegns — a=6 M1 Al Needs to eliminate a or r correctly. co
[4] | (M mark needs a quadratic)
ii
@ a=6, d=-3 BIY For d= 3 - his “6”.
S =10(12 - 57) M1 Sum formula must be correct and used.
— =450 Al co.
[3] 9709/01/M/J/07
Question 12:
The first term of a peometric progression is 81 and the fourth term is 24. Find
(i) the common ratio of the progression, [2]
(ii} the sum to infinity of the propression. [2]

The second and third terms of this geometric progression are the first and fourth terms respectively of
an arilhmetic progression.

(iii) Tind the sum of the first ten terms of the arithmetic progression. [3]

Answer
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(iy a =81, a'=24 M1 Valid method for r.
— = 24/81 —r =% or0.667 Al o
[2]
@{ip 5, = la =81+ =243 M1 AV | Correct formula. v for hisaand r,
o providing =1 <r<1.
(21
{ili) Zndlerm ol GP = ar = Bl x3% = 54
3rd term of GP = ar” = 36 M1 Finding the 2nd and 3rd terms of GP.
— 3d=-18 (d=-6) Ml M for finding d + correct Sy formula. co
— Sy = 5% (108—54) = 270 Al
3] 9709/01/M/J/08

Question 13:
The first term of an arithmetic progression is 6 and the fifth term is 12. The progression has # terms

and the sum ol all the terms is 90. Find the value of #. 4]
Answer
3 I"term=a=6

"term=q +4d=12

>d=15 B1 Correct value of d

Sn:g (12+(r-1)1.5)=90 Ml Use of correct formula with his d

>+ Tn-120=0 DMI Correct method for soln of quadratic

s n=8 Al Co (ignore inclusion of n =-15)

4]
9709/01/0/N/08

Question 14:

A progression has a second term of 96 and a fourth term of 54. Find the first term of the progression
in each of the following cases:

(i) the progression is arithmetic, [3]
(ii) the progression is geometric with a positive common ratio. [3]
Answer
(i) atd=%anda+3d=>54 B1 For both expressions.
—d=-21 a=117 MIAI Correct method of selution. co
[3] | (nb no working, 4 correet, a wrong 0/3)
(i) ar=96andar =54 31 For both expressions.
— = % —r= ;—1 M1 Correct method of solution.
—aq=128 Al co. r==%, no penally.
3] 9709/12/0/N/09
Question 15:

The first term of an arithmetic progression is 8 and the common difference is &, where o # (. The first
term, the filth term and the eighth term of this arithmelic progression are the first term, the second
term and the third term, respectively, of a geometric progression whose common ratio is r.

(i) Write down two equations connecting & and r. Hence show that r = g and find the value of d.

[6]
(ii) Find the sum to infinity of the geometric propression. [2]
(lli) Find the sum of the first 8 terms of the arithmetic progression. [2]

Answer
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) 8+4d=8r Bl co— but allow il a in place of 8.
8+ 7d =8¢ Bl co — but allow il @ in place of 8.
Eliminates one of the variables Ml Complete elimination ol either r or 4.
— 4" —7r+ 3 =0 Solution DMI Correct method of solution.
—r=%—od=-% Al Al nb answer [or r given. co
[6] | (assumes r= %, give B1B]1 for equations, Bl
for d)
(i) Su=—— — 32 M1 Al | Correct formula used.
-+~
[2]
(i) Sa=4(16+7d) M1 Correct formula used. 64 + 284 ok
= 50) Al co
(2] 9709/11/0/N/09
Question 16:

(a) Find the sum to infinity of the geometric progression with first three terms 0.5, 0.5° and 0.5°.

[3]

(b} The first two terms in an arithmetic progression arc 5 and 9. The last term in the progression is
the only term which is greater than 200. Find the sum of all the terms in the progression.  [4]

Answer
(@) a=105, r=05 Bl For both g and r.
Usecs corrcel lformula = 0.5+ 0,75 M1 Uses correct formula with some a, r.
— 85z =% (or0.667) Al co.
[3]
(b) a=5, d=4
Uses 200 =g+ (p—1)dor T.1. M1 Attempt at finding the number of terms.
50 terms in the progression Al co.
Use of correct Sum lormula MI Cormrect [ormula {could use the last term
— 5150 Al (201)).
[4] | co. 9709/01/M/JI09
Question 17:
(a) The fifth term of an arithmetic progression is 18 and the sum of the first 5 terms is 75. Find the
first term and the common difference. [4]
(b) The first term of a gcometric progression is 16 and the fourth term is 34—7. Find the sum to infinity
of the progression. [3]
Answer
(a) at+d4d=18 Bl co or 75=52a+18)—a=12¢lc
5
E(Za +4d) =75 BI co
Solution M1 Solution of sim equations
—a=12,d=1% Al co for both
(4]
27
() a=16 and ar = T BI Needs both of these
3
F= -
4
Sum lo infinity = 64 M1 Al Correct formula and |r| <1
(3] 9709/11/0/N/10

Question 18:
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The ninth term of an arithmetic progression is 22 and the sum of the first 4 terms is 49.

{1} Find the first term of the progression and the common difference. [4]
The sth term of the progression is 46.

(if) Find the value of a. [2]

Answer
9™ term =22, S, =49

(i) a+8d=22 Bl co
2(2a+3d)=49 Bl co
Soln of sim eqns M1 Al Selution of two linear sim eqns. co
- d=15a=10 [4]
(i) a+(n—-1)d=46
Substitutes for a and d M1 Correct formula needed and attempt to
3 p=25 Al solve, co.
[2] 9709/11/M/J10
Question 19:
(a) Find the sum of all the multiples of 5 between 100 and 300 inclusive. 3]
(b) A geometric progression has a common ratio of —% and the sum of the first 3 terms is 35. Find
(i) the first term of the progression, 131
(ii) the sum to infinity. 12]
Answer
(@) a=100,d =5,
n=4 Bl co
— § = 8200 M1 Al | Use of correct sum formula. co
(3]
1
by (i) o+ ar+ar® or aw Bl co
-r
=35 > a=45 M1 Al | Selution of equation. co
(3]
(i) S, =]i = 27 M1 A1V | Correct use of formula. V for his a.
-r
[2] 9709/12/M/IJN0

Question 20:
The first term of a geometric progression is 12 and the second term is —6. Find

(i) the tenth term of the progression, 3]
(ii) the sum to infinity. 2]
Answer
(i) a=12,ar=-0—r=-1 M1 Attempt at r from “ar”
_3 o
ar9=ﬁ M1 Al ar must be correct. co
[3]
(i) So=—— used 8 M1 Al | Correct formula used. M1 needs || <1
[2] 9709/13/M/J/10

Question 21:
(a) A geometric progression has first term 100 and sum to infinity 2000. Find the second term. [3]

(b) An arithmetic progression has third term 90 and fifth term 80.
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(i) Find the first term and the commeon difference. 2]
(ii) Find the value of m given that the sum of the first 7 terms is equal to the sum of the first
{(m+1) terms. [2]
(iii) Find the value of n given that the sum of the first # terms is zero. [2]
Answer
{(a) ]I%IO =2000 Mi Correel lormula and atiempl to solve
r=19/20 Al
ar=95 Al For 100 x r
3]
(b) () a+2d=90,a+44=80
d=-5,a=10 B1B1
[2]
(ii) a+md=0 MI Or use correcl sum formula
m=20 Al m = 20 with no working scores 2
(2]
(i) %[20(1+{n-1){—5)]= 0 MI
n=4l Al n =41 with no working scores 2
Do not penalise n=0
[2] 9709/13/M/J10
Question 22:
(a) The first and second terms of an arithmetic progression are 161 and 154 respectively. The sum
of the first s terms is zero. Find the value of m. [3]
(b) A geometric progression, in which all the terms are positive, has common ratio r. The sum of
the first 1 terms is less than 90% of the sum to infinity. Show that 7 > 0.1. 3]
Answer
{(a) d=-7used Bl co
(m/2)[322+ (m—-1)(-1]=0 M1 Condone omission of (m/2). Statement
47 Al co (condone m =10)
[3]
(b) ad-r) 09a Ml Allow for=, <, >, <, >
1—# l1—r
1-7<0.9 M1 Needs inequality sign correct
#>0.1 Al co
[3] 9709/12/0/N/10
Question 23:
(a) The sixth term of an arithmetic progression is 23 and the sum of the first ten terms is 200. Find
the seventh term. [4]

(b) A geometric progression has first term 1 and common ratio r. A second geometric progression
has first term 4 and common ralio %r. The two progressions have the same sum to infinity, S.

Find the values of » and S. [3]
Answer
(a) a-+5d4=23 Bl Solution of 2 linear equations
5(2a+9d) =200 Bl
Atlempt solulion, expect o =6 a=-T7 Mi
29 Al (4]
1 4
® 1—r [_}] 1 . M1 Usc of §_ formula twice
4
4
r=—ocS=5 AlAl 3]
5 9709/11/0/N/11
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Question 24:
(a) A peometric progression has a third term of 20 and a sum to infinity which is three times the first

term. Find the first term. (4]
(b) An arithmetic progression is such that the eighth term is three times the third term. Show that
the sum of the first eight terms is four times the sum of the first four terms. (4]
Answer
(a) ar'=20 Bl co
L BI co
1-r
Soln of equations — (r = %) a = 45 M1 Al Complete method to find a. co
[4]
(b) a+7d=73(a+2d) M1 Useofa+(n-1)d
—2a=d Al co
83 =4(2a + Td) = 32d or 64a M1 correct use of S, formula once.
Sa=2(2a+3d)=8dor 16a Al ag
4
4] 9709/13/MIJ/11
Question 25:

(a) A circle is divided into 6 sectors in such a way that the angles of the sectors are in arithmetic
progression. The angle of the largest sector is 4 times the angle of the smallest sector. Given
that the radius of the circle is 5 ¢m, find the perimeter of the smallest sector. 6]

(b) The first, second and third terms of a geometric progression are 2k + 3, k + 6 and &, respectively.
Given that all the terms of the geometric progression are positive, calculate

(i) the value of the constant k, [3]
(ii) thc sum to infinity of the progression. [2]
Answer
+4
@ a+5d=4a or (a—za)xﬁ Bl co
g(Za +5d) or (a+4a) x6 =360 M1 Al | Correct left-hand side. All correct.
. o 2
Sim Eqns a=24° or “l"g rads Al Either answer,
Arc length = 50 M1 Correct use of arc length with @ in rads,
Perimeler = 12.1. Al co
[6]
k+6 k
by (i = M1 Al .
(®) (i) k13 k16 Correct eqn for £.

— k1-9%-36=0 — k=12 Al Co condone inclusion of k=—3.

(NB stating a, ar, ar® as f{k) gets M1) [3]
(ii) r=3, a=27 Correct formula for 5., must have

— S, = 27+% =8I M1 Al -1 <r<1. co.

[2] 9709/12/M/JM1
Question 26:

A television quiz show takes place every day. On day 1 the prize money is $1000. If this is not won
the prize money is increased for day 2. The prize money is increased in a similar way every day until
it is won. The television company considered the following two dilferent models for increasing the
prize moncy.

Maodel 1: Increase the prize money by $1000 each day.
Model 2:  Increase the prize money by 10% each day.
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On each day that the prize money is not won the television company makes a donation to charity. The
amount donated is 5% of the value of the prize on that day. After 40 days the prize money has still
not been won. Calculate the total amount donated to charity

(i) if Model 1 is used, [4]
(ii) if Model 2 is used. [31
Answer
(@) 1000, 2000, 3000... or 50, 100, 150... M1 Recognise series, correct a/d (or 3 terms )
40 40
or MI Correct use of formula
21000 + 40000) 2(2000 + 39000)
x 5% of attempt at valid sum MI Can be awarded in either (i) or (ii)
41000 Al cao
X * 4l
(N 1000, 1000 = 1.1, 1000 x 1.1°+ .. or witha =50 | MI Recognise series, correct a/r (or 3 terms)
40
1000(1.1™ 1) M1 Correct use of formula. Allow e.g. r=20.1
21 (]{]l.l -1 Al Or answers rounding 1o this
(3]
9709/11/M/JM1

Question 27:
(a) An arithmetic progression contains 25 terms and the first term is —15. The sum of all the terms
in the progression is 525. Calculate

(i) the common difference of the progression, [2]
(ii) the last term in the progression, [2]
(iii) the sum of all the positive terms in the progression. [2]

(b) A college agrees a sponsorship deal in which grants will be received each year for sports
equipment. This grant will be $4000 in 2012 and will increase by 5% each year. Calculate

(i) the value of the grant in 2022, 2]
(ii) the total amount the college will receive in the years 2012 to 2022 inclusive. [2]
Answer

(@ a=-15 n=25

(i) UseofS, — d=3. M1 Al Moust be correct formula. co
2]
(ii) Lastterm=a+ 24d M1 Must be a + 24d
— 57 Al v for his d.
(or 525 =Y % 25 x (=15 + ) — [ = 57) [2]
(iii) Positive lerms are 3,0, ...57
Eithera=0o0r3, n=190r 20 M1 Correct use of formula for S,.
Use of S19 or Sy
— 570 Al co
[2]
®) r=1.05 Bl In either part (i) or (ii).
i 11"term=a" =$6516 or $6520 Bl co
[2]
.. 4000x (1,05 —1) o
i) Su= 05 M1 Correct sum formula with their r.
= $56800 or (56827) Al 2] ©

9709/12/0/N/11

Question 28:
The first and second terms of a progression are 4 and 8 respectively. Find the sum of the first 10 terms
given that the progression is

(i) an arithmetic progression, (2]

(ii) a geometric progression. 2]
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Answer
(i) 5[8+9x4] M1 Use correct formula with a=4, d=4
220 Al
[2]
L4201 ‘
(i) 7] M1 Use correct formula with a=4, r=2 or %
4092 Al 4090 without 4092 A0
[2] 9709/13/0/N/11

Question 29:

(a) The first two terms of an arithmetic progression are 1 and cos®x respectively. Show that the sum
of the [irst ten terms can be expressed in the form a — bsin’x, where a and b are constants (o be
found. [3]

(b) The first two terms of a geometric progression are 1 and % tan® @ respectively, where 0 < 8 < %?r.

(i) Find the set of values of & for which the progression is convergent. [2]
(i) Find the exact value of the sum to infinity when 6 = {. (2]
Answer
@ 8,= 10 3 Mi Correct formula with d = +(cos* x-1)
2[2+9(cos”* x—1)]
S0 =5[2-9sin” x] M1 Use of ¢ +5? =1 ina correct 8o
8, =10—-45sin*x Al Ora=10,b=45
131
® @ ([ <)%um2 o<1 oe M1 Allow <
(0 <)0<£ Al cao Allow <
3 [2]
]
i) S,=——— M
l—llzln2 z
3 0
9
S, =3 or 1.125 Al cao
12] 9709/11/M/J/I12

Question 30:
(a) Inan arithmetic progression, the sum of the first # terms, denoted by S, is given by

S, = n* + 8n.
Find the first term and the common diflerence. [3]

(b) In a gcometric progression, the second term is 9 less than the first term. The sum of the second
and third terms is 30. Given that all the terms of the progression are posilive, find the first term.

(5]
Answer
(@) S,=n*+8n
S1=9 — a=9 31 co
$H=20 - atd=11 - d=2 M1 Al Realises that S»is ¢ + (a + d). co
(or equating »#* + 8n with §, and comparing [3]
coelficients)
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(b) a—ar=9 31 co

ar+ar® =30 Bl co

Eliminatesa — 3r° +13r-10=0 M1 Complete elimination of r or a

or — 2a*-57a+81=0 Correct quadratic.

— r=2% Al

— a=27 Al co (condone 27 or 1.5)

5] 9709/12/M1J/12

Question 31:
The first term of an arithmetic progression is 12 and the sum of the first 9 terms is 135.

(i) Find the common difference of the progression. 2]
The first term, the ninth term and the nth term of this arithmetic progression are the first term, the
second term and the third term respectively ol a geometric progression.

(ii) Find the common ratio of the geometric progression and the value of ». [5]
Answer
(i) UsessS,
9 M1 Uses correct formula
S (24+8d)=135 — d=7% Al co
[2]
(i) 9" termof AP= 12 +8x% =18 B1Y" Fon “d”
GP 1" tern 12,2 term 18 .
Commonratio=r=18+12=1% M1 Uses “ar
3% term of GP = ar?=27 Mi Usesar® or“ar” xr
nthiermof AP is 12+ (n—1)% ) )
12+(n-1)%=27 > n=21 MI1A1 Links AP with GP. co
[3] 9709/13/M/J12
Question 32:
The first term of a geometric progression is 5_% and the fourth term is 21. Find

(i) the common ratio, [3]

(i) the sum to infinity. (2]
Answer

L MI1 Al
O 2 ! 95 32 27
TR
r=_or 0.75 Al [3]
sl
(i) Sm=]—33=? (or 213 or21.3) M1 Al cao
3
[2] 9709/13/0/N/12
Question 33:

The first term of an arithmetic progression is 61 and the second term is 57. The sum of the first

9709/11/0/N/12

n terms is n. Find the value of the positive integer n. [4]
Answer

E [122 + (n — 1)(—4)] M1 Attempt sum formula with a =61, d=-4

n= % [122 + (n — 1)(—4)] Al Equatedton cao

2n(n—-31) =0 DM1 Attempt to solve. Accept div. by n

n =31 Al cao

[4]

Question 34:
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(a) Ina geometric progression, all the terms are positive, the second term is 24 and the fourth term

is 131, Find

(i) the first term, [3]
(ii) the sum to infinity of the progression. [2]

(b) A circle is divided into n sectors in such a way that the angles of the sectors are in arithmetic

progression. The smallest two angles are 3° and 5°. Find the value of n. [4]
Answer
(@ () ar=24, a=13%
Eliminates a (or#) — r=% BI1 Both needed
— a=32 M1 Method of Sclution.
Al co

[3]
ii) sum to infinity =32+ % =128
(i) y

MI1A14 Correct formula used. + on value of »

[2]

(b) a=3,d=2 Bl Correct value for
n
5(6 +(n-1)2) (= 360) M1 Correct S, used. no need for 360 here.
— 21°+4n-720=0 Al Correct quadratic
— n=18 Al co
[4] 9709/12/0/N/M12

Question 35:
(a) In an arithmetic progression the sum of the first ten terms is 400 and the sum of the next ten
terms is 1000. Find the common difference and the first term. [5]

(b) A geometric progression has first term @, common ratio r and sum to infinity 6. A second
geometric progression has first term 2a, common ratio 7> and sum to infinity 7. Find the valucs

of aand r. [3]
Answer
(@) %(Za+9d)=400 0e BI > 2a+9d =80
2—20(2a+l9d}=]400 OR
%[2(a+l0d)+9d]= 1000 Bl —2a+19d =140 or 2a+29d =200
d=6 a=13 MI1A1A1 | Solve sim. eqns both from S,
[51 | formulae
a 2a
b) —=6 =7 B1B1
®) 1-r 1-r2
2
L g M1 Substitute or divide
-2 l1-r 7
5
r==or0.714 Al
7
a= 12 or 1.71(4) Al Ignore any other solns for rand a
! [51 9709/11/0/N/13

Question 36:
The third term of a geomelric progression is —108 and the sixth term is 32. Find

(i) the common ratio, (3]
(ii) the first term, [1]
(iii) the sum to infinity. 2]

Answer
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() a*=-108,a" =32 B1
32 [ 8
T Y T M1 Eliminating a
r= 2 or —0.666 or —0.667 Al 2 from little or no working — 3 WWW
. 108 32
(i) a=-243 B1+" i on their r [_r_zmr_sJ
il
=243 _ 729
Gii) S., = 142 s or—145.8 MIA1 Accept ~146. For M1 |+| must be < 1
2 [2] 9709/11/M/JN13
Question 37:
(a) The first and last terms of an arithmetic progression are 12 and 48 respectively. The sum of the
first four terms is 57. Find the number of terms in the progression. [4]
(b) The third term of a geometric progression is four times the first term. The sum of the first six
terms is k times the first term. Find the possible values of k. [4]
Answer
(@) 57=2(24+3d) — d=1.5
48=12+nm-11.5 — n=25 M1 Al Use of correct S, formula,
M1 Al Use of correct T, formula.
M) ar=4a r=+2 [4]
a(r® -1) Bl (allow for r=2)
—— =ka BI
r—1
— k=03 or k=-21 B1 B
[4] 9709/12/M/J13
Question 38:
(a) In a geomelric progression, the sum to infinity is equal to eight times the first term. Find the
common ratio. 2]

(b) Inan arithmetic progression, the fifth term is 197 and the sum of the first ten terms is 2040. Find

the commeon difference. [4]
Answer
(a) 1i = 8a=>1(a)=8(a)(1-r) Bl
-F
=7
r=zoe Bl
[2]
(b) a+4d=197 Bl Or 2a + 94 =408
%[2:: +9d] =2040 Bl Attempt to solve simultancously
d=14 MI1A1
[4] 9709/13/0/N/13
Question 39:
(a) Inan arithmetic progression, the sum, §,, of the first # terms is given by S, = 2n* + 8n. Find the
first term and the common difference of the progression. [3]

{b) The first 2 terms of a gcometric progression are 64 and 48 respectively. The first 3 terms of the
geometric progression are also the 1st term, the 9th term and the ath term respectively of an
arithmelic progression. Find the value of n. [5]

Answer
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@ | S, =2n" +8n
S=10 =a Bl
S=2=agt(atdyd=4 M1 Al [3] | correct use of S, formula.
| GPa=64ar=48 - r=3% Bl
—3rd term is ar? = 36 M1 ar® numerical — lor their »
APa=64, a+8d=48 — d=-2 Bl
Jo=64+%(n—1Y4-2) M1 correcl use ol a+(n—1I)d
—n=15. Al [5] 9709/13/M/J13

Question 40:
(a) An athlete runs the first mile of a marathon in 5 minutes. His speed reduces in such a way that
cach mile takes 12 seconds longer than the preceding mile.

(i) Given that the #th mile takes 9 minutes, {ind the value of a. [2]

(ii) Assuming that the length of the marathon is 26 miles, find the total time, in hours and
minutes, to complete the marathon. [2]

(b) The second and third terms of a gecometric progression are 48 and 32 respectively. Find the sum

to infinity of the progression. [4]
Answer
(a) () a=300,d=12
—540=300+(r—-112—>n=21 M1 Al Use of snth term, Ans 20 gets 0.
[2] [gnore incorrect units
(i) S=13 (600 +25x12)=11700 M1 Correct use of s, formula.
— 3 hours 15 minutes, Al
[2]
(b) ar=48andar*=32 - r=% M1 Needs ar and ar? + allempt at @ and r.
— g =72, Al
So=72+%=216. M1 Correct S, formula with | r | <]
Al
4] 9709/12/0/N/13

Question 41:
(a) The sum, S, of the first # terms of an arithmetic progression is given by §, = 32n — n’. Find the
first term and the common difference. [3]

(b) A geomelric progression in which all the terms are posilive has sum to infinity 20. The sum of

the first two terms is 12.8. Find the first term of the progression. [5]
Answer
(@) S,=32n-n

Setnto l,aor S =31 B1 co

Set # 10 2 or other value §; =60

— 2ndterm=29 — d=-2 M1 Al Correct method.

(or equates formulae — compares co

coells 12, n) (3]

[M1 comparing, Al d Al 4] [M1 only when coefls compared]
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2

® =20, 02" ratar=128 B1BI 0 co

1=r 1-r

Elimination of —— oraorr Ml ‘Correct’ elimination to form equation in a

I-r orr
— (r=006) > a=8 DMI1 Al | Complete method leading to a =
[5] Condone a =8 and 32 9709/12/0/N/14

Question 42:

i) A geometric progression has first term a (a # 0), common ratio r and sum to infinity S. A second
g prog y
geometric progression has first term a, common ratio 2r and sum to infinity 3S. Find the value

of r. [3]
(if) An arithmetic progression has first term 7. The sth term is 84 and the (3#)th term is 245. Find
the value of n. [4]
Answer
H =L = a ] = a
@) S el 38 e B1 At least 3§ o7
l-r=3-6r M1 Eliminate §
r=% Al
131
(ii) | 7+(n—-1)d =84 andlor 7+(B3n-1)d =245 Bl At least one of these equations seen
[((n-1d =77, Bn-1)d =238, 2nd =161] Bl Two different seen — unsimplified ok
sl 77 (must be from the correct u, formula) M1 Or other attempt to elim &, E.g. sub d =101
3n-1 238 2n
(if n is eliminated & must be found)
n=23 (d=% =13.5) Al
41 9709/11/0/N/14
Question 43:
The 1st, 2nd and 3rd terms of a peometric progression are the 1st, 9th and 21st terms respectively
of an arithmetic progression. The 1st term of each progression is 8 and the common ratio of the
geomeltric progression is r, where r 2 1. Find
{i) the value of r, [4]
(i) the 4th term of each progression. [3]
Answer
(iy GP 8 8r 8
AP 8 B8+84 8+20d
8r=8+84 and 8r’=8+20d Bl Bl B1 for each equation.
Eliminates d — 2r> —=5r+3=0 M1 Correct elimination.
— r=15(orl) Al co (no penalty for including » = 1)
[4]
(i) 4thtermof GP =ar* =8 x 27/8 =27 Bl co
Ifr=15, d=05
4thterm of AP =g + 3d=19"% MIAI needs a +3d and correct method for d
[3] 9709/12/M/J/14

Question 44:
Three geometric progressions, P, Q and R, arc such that their sums to infinity are the first three terms
respectively of an arithmetic progression.

Progression Pis 2, 1, 1, 1

> Qs gr e
Progression Qis 3, 1, %, %, cee s

(i) Find the sum to infinity of progression R. [3]

(ii) Given that the first term of R is 4, find the sum of the first three terms of R. [3]
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Answer
2 3
m S, =—1-,Sp =—7 M1 Al leasl one correcl
1-= 1-=
2 3
Sp=4,8, =2 Al Al least one correct
Sy=5 cao Al
13]
. 4 hei
(i) T:-;-—nurSR M1
ret Al
5
R=4+i+i=4§or4.ﬂ6 Can Al
5 25 25 3
1Bl 9709/13/0/N/14
Question 45:

An arithmetic progression has first term @ and common difference d. It is given that the sum of the
first 200 terms is 4 times the sum of the first 100 terms.

(i) Find d in terms of a. [3]
(ii) Find the 100th term in terms of a. 2]
Answer
(i) 200/2(2a + 199d) =4 x 100/2(2a + 99d) M1A1l Correct formula used (once) M1, correct
eqn Al
d=2a cao Al
31
(i) a+99d=a+99 % 2a M1 Sub. their part(i) into correct formula
199a cao Al
2] 9709/11/M/J/14
Question 46:
The first term in a progression is 36 and the second term is 32.
(i) Given that the progression is geometrie, find the sum to infinity. 2]
(if) Given instead that the progression is arithmelic, find the number of terms in the progression if
the sum of all the terms is 0. 3]
Answer
36, 32, ..
(i) r= % S« = (their a) + (1 — their r) M1 Method for r and S, ok. (| r| < 1)
S0=36+ 3 =324 Al co
[2]
(ii) d=—4 Bl co
= % (72+ (n— 1)(4) M1 S, formula ok and a value for d {:ﬁ %]
—n=19 Al Condone »# = 0 but no other soln
[3] 9709/13/MIJ14

Question 47:
The first term of a progression is 4x and the second term is x°.

(i) Forthe case where the progression is arithmetic with a common difference of 12, find the possible
values of x and the corresponding values of the third term. [4]

(ii) For the case where the progression is geometric with a sum to infinity of 8, find the third term.
[4]
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Answer
(i) | x* -4x=12 M1 4x — x* =12scores M1AD
x==2o0r6 Al
3" term =(-2) +12=160r6* +12=48 AlAl SC1 for 16, 48 afler x=2,-6
(4]
- 2 xz X
(i) | r*=—|==| soi M1
4x\ 4
4x . .
_x=8 M1 Accept use of unsimplified
1-= x?  4x
4 —or—or—
4 1 X xt o ox
X=—orr=-— Al
3 3
ol 16
3" term =— (or 0.593) Al
27 4]
ALT
£=8—>r=]~lx or£=8—>x=2(1~r) M1
1-r 2 1-r
x? =4J{]—lIJ P=M M1
2 4
X=— r:-]— Al
3 3 9709/11/0O/N/15

Question 48:
(a} The third and lourth terms of a geometric progression are % and % respectively. Find the sum to
infinity of the progression. 4]

(b) A circle is divided into 5 sectors in such a way that the angles of the sectors are in arithmetic
progression. Given that the angle of the largest sector is 4 times the angle of the smallest sector,

find the angle of the largest sector. [4]
Answer
1 2
a art=— , g = —
(@ 3 9
2 . T
— r=— aef Mil Any valid method, seen or implied.
3 3 Could be answers only.
Substituting — a= 2 Al Both g and r
3
— So=4 =2 aef M1 Al | Correct formula with |r] <1, cao
3 [4]
(b) da=a+4d — 3a=4d B1 May be implied in
360 =5/2(a+4a)
360=25;5= 3 (2a+4d) or12.5a Mi Correct S, formula or sum of 5
2 terms
— a=288" aef Al cao, may be implied
Largest =a + 4d or 4a = 115.2° aef Bl (may use degrees or radians)
[4] 9709/11/M/J15

Question 49:
A ball is such that when it is dropped from a height of 1 metre it bounces vertically from the ground

to a height of 0.96 metres. It continues to bounce on the ground and cach time the height the ball
recaches is reduced. Two different models, A and B, describe this.
Model A 1 The height reached is reduced by 0.04 metres cach time the ball bounces.

Model B: The height reached is reduced by 4% cach time the ball bounces.
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(i) Find the total distance travelled vertically (up and down) by the ball from the Ist time it hits the
ground until it hits the ground for the 21st time,

(a) using model A, [3]
(b) using model B. [3]

(ii) Show that, under model B, even if there is no limit to the number of times the ball bounces, the
total vertical distance travelled after the {irst time it hits the ground cannot exceed 48 metres.

(2]
Answer
M (@) 1.92+184+1.76+.. oe Bl OR a=0.96, d= —.04 & ans
%[2 x1.92+19%(-0.08)] oe M1 | doubled/adjusted
232  cao Al Corr formula used with corr d & their
[3] | &t
a=1,n=21 — 12.6 (25.2),
a=096,n=21— 11.76 (23.52)
(b)| 1.9241.92(.96) + 1.92(.96)" +... Bl
1.92(1—.96*
W Ml OR a=96, r=90 & ans
26.8 - fdoubled/adjusted
) can Al Corr ormula used with r=296 & their
(3] | a,n
a=.96,n=21— 13.82 (27.63)
a=1,n=21-1439 (28.78)
(ii) 192 _ 48 or 096 _ 24 & then MiA1l | @=1—25(50) but must be doubled
1-.96 1-0.96 2] | for M1
1.92—— = <483 096" >0
1-0.96
(www)
‘which is true' scores SCBI
9709/13/0/N/15
Question 50:
(a) The first term of an arithmetic progression is —2222 and the common difference is 17. Find the
value of the first positive term. [3]

(b) The first term of a geometric progression is ¥/3 and the second term is 2cos 8, where 0 < 8 < .

Find the set of values of 0 for which the progression is convergent. [5]
Answer
(a) | 2222/17 (=131 or 130.7) M1 Ignore signs. Allow 2239/17—131.7 or 132
131 x 17 (=2227) M1 Ignore signs. Use 131.
—2222 +2227=5 Al 5 www gets 3/3
131
(b) F=20080 i o B1
V3
(12080 .1 o (0<)2088 L g0 M1 Ft on their r. Ignore a 2nd inequality on
\E ‘E LHS
ml6, 57/6 soi (but dep. on M1) AlAl Allow 30°, 150°.
mlo<f<57/6 cao Al Accept <
151 9709/13/M/J/15
Question 51:

A water lank holds 2000 litres when full. A small hole in the base is gradually gelling bigger so that
cach day a greater amount of water is lost.
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(i) On the first day alter [illing, 10 litres of water are lost and this increases by 2 litres each day.

(a) How many litres will be lost on the 30th day after filling? [2]
(b) The tank becomes empty during the nth day after filling. Find the value of n. [3]

(ii) Assume instead that 10 litres of waler are lost on the first day and that the amount of water lost
increases by 10% on each succeeding day. Find what percentage of the original 2000 litres is

left in the tank at the end of the 30th day after filling. [4]
Answer
@) @ | a+(n-1)d =10+29x2 M1 Use of th term of an AP with
a=+10, d=+2, n=30 or 29
=68 Al Condone — 68 — 68
[2]
(b) | ¥an(20 + 2(n—1))=2000 or 0 M1 Use of §, formula for an AP with
a=+10, d=+2 and equated to cither
0 or 2000.
— 20+ 18n— 4000 = 0 oe Al Correct 3 term quadratic = 0.
(n=) 41 Al
[3]
. 11
(ii) r=110e B1 e.g.m,lm%
10(1.1% 1)
Uses Sz = (= 1645) M1 Use of 5, formula for a GP, a=£10,
1.1-1 —
n=30.
Percentage lost = Mx 100 DM1 Fully correct method for % left
with “their 1645
=17.75 Al allow 17.7 or 17.8.
[4] 9709/12/M/J/16

Question 52:
The 1st, 3rd and 13th terms of an arithmetic progression are also the 1st, 2nd and 3rd terms respectively
of a geometric progression. The first term of each progression is 3. Find the commeon difference of

the arithmetic progression and the common ratio of the geometric progression. [5]
Answer
2d 12 124
r= 3t 0r3+ d or ¥’ = 3t Bl 1 correct equation in » and 4 only is
3 3+2d sufficient
2

(3+2d)" =3(3+12d) oc M1 Eliminate r or & using valid method

OR

sub2d=3r-3

(4)d(d-6)=0 DM1 Attempt to simplify and solve

OR quadratic

3% =18r 15— (r-1)(r-5)

d=6 Al Ignore d=0o0rr=1

r=5 Al Do not allow =5 or £5

(3] 9709/13/M/J/16

Question 53:
The sum of the 1st and 2nd terms of a geometric progression is 50 and the sum of the 2nd and 3rd
terms is 30. Find the sum to infinity. [6]

Answer
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a 1—r2)
a(l+r)=50 or ————==50 B1
l-r
a 1—r3)
ar(1+r)=30 or =30+a B1 Or otherwise attempt to solve
1-r forr
Eliminating @ or r M1 Any correct method
r=3/5 Al
a=125/4  oe Al
5=625/8 oe At Ft through on their r and a
[6]] (1<r<l) 9709/11/0/N/16

Question 54:

(a) A cyclist completes a long-distance charity event across Africa. The total distance is 3050 km.
He starts the event on May 1st and cycles 200km on that day. On each subsequent day he
reduces the distance cycled by 5 km.

(I) How far will he travel on May 15th? [2]

(i) On what date will he finish the event? [3]

(b) A geometric progression is such that the third term is 8 times the sixth term, and the sum of the
first six terms is 314. Find

(1) the first term of the progression, (4]
(it) the sum to infinity of the progression. [1]
Answer
(@ (i) | 200+(15-1)(+/-5) M1 Use of nth term with a = 200, n = 14 or 15and
d=+/-5.
=130 Al
2]
(i) 2[400 +(n-1)(+/-5)]=(3050) M1 Use of S, =200 and d =+/- 5.
— 5n® — 4051+ 6100 (=0) Al
— 20 Al
3]
(b)Y (i) | ar®, ar — r=% M1 Al Both terms correct.
63 a (I —145 )
—_——— o g=16 M1 Al Use of 5, = 31.5 with a numeric r.
2 14 [4]
. . . 16 . .
(i) | Sum to infinity = — =32 B1¥ V' for their a and » with |7]<1.
L [11 9709/12/0/N/16

Question 55:

(a) Two convergent geometric progressions, P and @, have the same sum to infinity. The first and
second terms of P are 6 and 6r respectively. The first and second terms of  are 12 and —12r
respectively. Find the value of the common sum to infinity. [3]

(b) The first term of an arithmetic progression is cos 8 and the second term is cos 8 + sin28, where

0 € 0 < 2. The sum of the first 13 terms is 52. Find the possible values of 8. [5]
Answer
6 12
_— M1
@ 1-r 1+r
r= 1 Al
3
S=9 Al
[3]
9709/13/0/N/16

Question 56:
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(a) The first term of a geometric progression in which all the terms are positive is 50. The third term

is 32. Find the sum to infinity of the progression. [3]
(b) E|:2c0s g+ I2s'1n29:| =52 Mi1* Use of correct formula for sum of
2 AP
2cos€+12(1—cos‘9)=8—>6c0526—c056—2{=0) DM1 Use 5° =1-¢* & simplify to 3-
term quad
cos@=2/3 or -1/2 soi Al
Accept 0.268r, 2n/3. SRA1 for
8=0.841 , 2.09 Dep on previous Al AlAl 48.2°, 120° Extra solutions in
[5]| range -1

(b) The first three terms of an arithmetic progression are 2sinx, 3cosx and (sinx + 2 cos x)
respectively, where x is an acute angle.

(1) Show that tanx = %. [3]
(i) Find the sum of the first twenty terms of the progression. 13]
Answer
(a) a=50,art=32 B1 seen or implied
—p= 4 (allow — 4 for M mark) MI Finding r and use of correct S,
5 5 formula
— 8,=250 Al Only if|r] <1
3]
(b) (i) | 2sinx, 3cosx, (sinx + 2cosx).
Je—-25=(s+2¢)-3c Ml Links terms up with AP, needs one
(oruses q,a +d, a+ 2d) expression for d.
—d4e=3s—o¢= % M1 Al Arrivesatr=k. ag
4 (3]
SC uses f=§ to show
8 9 10
U, =§,u2 =§,u3 =? , Bl only
. 3 4
(i) | —e= 3 ,8 = 3 or calculator x = 53.1° Mi
—a=16,d=02 Mi Correct method for both @ and d.
— 850 =70 Al (Uses S, formula)
B3] 9709/11/M/1J/16

Question 57:

(a) A geometric progression has first term 32 and common ratio r. A second geometric progression
has first term @ and common ratio <2r. The two progressions have the same sum to infinity.
Find the value of r. [3]

(b} The first two terms of an arithmetic progression are 15 and 19 respectively. The first two terms
of a second arithmetic progression are 420 and 415 respectively. The two progressions have the

same sum of the first n terms. Find the value of n. 3]
Answer
0] 3a__a M1 | Attempt to equate 2 sums to infinity. At least one correct
1-r 1+2r
3+6r=1-r DM1 | Elimination of 1 variable (a) at any stage and nultiplication
Al
-
3
(11} 1 ,;[2 215+ (n=1)4]m 0] 2% 420+ (n -1)(=5 ]] M1Al é&ttlc}mpt to equate 2 sum to 1 terms, at least one correct (M1). Both correct
n=91 Al
3
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Question 58:

(a) Each year, the value of a certain rare stamp increases by 5% of its value at the beginning of the
year. A collecior bought the stamp for 510000 at the beginning of 2005. Find its value at the

beginning of 2015 correct to the nearest $100. [2]
(b} The sum of the first # terms of an arithmetic progression is %n(?m + 7). Find the 1st term and the
common dillerence of the progression. [4]
Answer
Question Answer Marks Guidance
(a) Uses r=(1.05 or 105%)> 101 Bl | Used to multiply repeatedly or in any GP formula.
New value = 10000 x 105" = ($)16 300 Bl
2
(1)) EITHER: (Bl | Uses n=1to find 2
n=1—35 a=5
n=2-—13 Bl | Correct S, for any other value of n (e.g. n=2)
a+t(a+cdh=13 —d=3 M1 Al) | Correct method leading to d =
OR: ny .
'y ) (;J maybe be ignored
LE]{ld-o-(n—l]d]-(EJ(Sn-o-?] =
e+ 2a-d=3n+T—di=3n —d=3 (*MI1AL | Method mark awarded for equating terms in » from correct S,
formula.
2a-(their3)=7, a=53 DM1 Al
4

9709/12/0/NI17

Question 59:
An arithmetic progression has first term —12 and common difference 6. The sum of the first n terms

exceeds 3000. Calculate the least possible value of n. [4]
Answer
(a) M1 | M1 correct formula used with d from 16 +d =24

H
(51=) 7[32+(n-1)8] and 20000

Al | Al for correct expression linked to 20000,

— 1+ 3n = 5000 (<=>0) DM | Simplification to a three term quadratic,
— (1= 69.2) — 70 terms needed. Al | Condone use of 20001 throughout.
Correct answer from trial and improvement gets 4/4.

9709/13/0/NM7
Question 60:
(a) An arithmeltic progression has a first term of 32, a Sth term of 22 and a last term of =28, Find the
sum of all the terms in the progression. 4]
(b) Each year a school allocates a sum of money for the library. The amount allocated cach year
increases by 2.5% of the amount allocated the previous year. In 2005 the school allocated $2000.
Find the total amount allocated in the years 2005 to 2014 inclusive. 3]
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Answer
Question Answer Marks Guidance
(a) a=32,a+4d=22, —d=-25 Bl
at(n—1)d=—28 -n=125 Bl

3 MI Al | M1 for correct formulawithn=24 orn=25
st=%(64—2.5x24) =50 ;

Total: 4
1)) a=2000,r=1.025 Bl | r=1425% ok if used correctly in & formula
1.025° _1 M1 Al | M1 for correct formula with n=% or 7= 10 and theirgand r
&0 = 2000{ W )= 22400 or a value which rounds to this

SR correct answer only for n=10 B3, for n=9, Bl (£19 900)

Total: 3

970911/ T
Question 61:

(a) The first two terms of an arithmetic progression are 16 and 24. Find the least number of terms of
the progression which must be taken for their sum to exceed 20000, [4]

(b} A geometric progression has a first term of 6 and a sum to infinity of 18. A new geometric
progression is formed by squaring each of the terms of the original progression. Find the sum to
infinity of the new progression. [4]

Answer:

()

a MI1AL | Correct Soo formula used to find .,
a=a, 1—=IE —r=%
=r

. 4 M1 | Obtain new values for g and r by any valid method.
New progression a = 36, r= E oe

] 324 Al | (Be aware that r =3 leads to 64.8 but can only score M marks)

Total: 4

97091 2/MIINT
Question 62:
The common ratio of a gecometric progression is r. The first term of the progression is (12 — 3r + 2)
and the sum to infinity is 5.

(i) Show that S =2 —r. [2]
(ii) Find the set of possible values that § can take.
Answer:

(ii) Single range 1< S <3 or (1, 3) B2 | Accept 1<2-r<3.
Correct range but with S =2 omitted scores SR Bl
1< 5 <3 scores SR B1.

[§>1and 5 < 3] scores SR B1.
1_}‘ 1_'_ OCSTIUWIT
—(1_’1'](2"') =2-r OE
—-F

9709/13/M/JIN7
Question 63:
(a) A geometric progression has a second term of 12 and a sum to infinity of 54. Find the possible
values of the first term of the progression. 4]
(b) The nth term of a progression is pr + gn, where p and g arc constants, and S, is the sum of the
first n terms.
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(i) Find an expression, in lerms of p, ¢ and n, for §,. [3]
(ii) Given that§, =40 and S; = 72, find the values of p and q.

Answer
Question Answer Marks Guidance
8(a) ar=12 and la =54 B1Bl | CAQ,OE CAQ,QE
-1
Eliminatesgorr — 9°=9r+2=0 or a°-54g+648=0 M1 | Elimination leading to a 3-term quadratic ina or r
— p= % or % hencetoa — g=18 or 36 Al | Needs both values.
4
3(b) nth term of a progression is p + gn
(LX) first term = p + . Difference = g or last term = p + gn Bl | Need first term and, last term or common difference
n n MIA] | Use of 5, formula with their @ and d.
8= E[2{‘p+ g)+(n—1)gq) or E{2p+ g+ng) ok urlsim"pliﬁed for AL
3
8(L)i) | Hence 2{2p+g+4g)=40 and 3(2p+g+6g)=72 DML | Uses their S, formula from (i)
Solution — p=5andg=2 Al | Note: answers 7, 2 instead of 5, 2 gets M1AOD — mus{
[Could use S, withgandd — a=7,d=2 — p=5,¢g=2] attempt to solve for M1

9709/11/M//18
Question 64:
The common ratio of a geometric progression is 0.99. Express the sum of the first 100 terms as a

percentage of the sum to infinity, giving your answer correct to 2 significant figures. [5]
Answer
Answer Marks Guidance
a (l _ rn) MIM1 | Correct formulae used with/without = 0.99 or n = 100.
a
|| —
1-r [ ][1 - r}
DM1
Allow numerical a (M1M1). 3rd M1 is for division :—" (or ratio)
501
100 63(a) A1l | Could be shown multiplied by 100(%). Dep. on DM1
1-0.99"" SOIOR sol
100(a)
63(%) Allow 63.4 or 0.63 but not 2 infringements (e.g. 0.634, 0.63%) Al | n =99 used scores Max M3. Condone a = 0.99 thronghout

S, =S, (withont division shown) scores2/5

9709/13/M/J/18

Question 65:

A company producing salt from sca water changed to a new process. The amount of salt obtained
each week increased by 2% of the amount obtained in the preceding week. It is given that in the first
week after the change the company obtained 8000 kg of salt.

(i) Find the amount of salt obtained in the 12th week afler the change. [3]
(ii) Find the total amount of sall oblained in the first 12 weeks afler the change.
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Answer:
Question Answer Marks Guidance
(1) 102 Bl | Can be awarded here for use i S; formula.

r=1.02or 0o used in a GP in some way.

Amount in 12th week = $000 (thetr 1)!! Ml

8000 Useof @™ ! witha=8000 & n=12 orwitha= 5000 and n=13.
3 fre e 412 1.02
of (their a from o Y(theirr)

=9950 (kg) awrt Al | Note: Final answer of either 9943 or 9940 implies M1,
Full marks can be awarded for a correct answer from a list of terms.
3
(i1) . 3000({1313”,?)11 _1] M1 | Use of 5, with 2 = 8000 and n = 12 or addition of 12 terms.
In 12 weeks, total iy —————
((!heu‘ r) -1]
=107000 (kg) awtt Al | Correct answer but no working 2/2

9709/12/M/J/18
Question 66:
(i) The first and second terms of a geometric progression are p and 2p respectively, where p is a
positive constant. The sum of the first n terms is greater than 1000p. Show that 2" > 1001. [2]
(i) In another case, p and 2p are the first and second terms respectively of an arithmetic progression.
The nth term is 336 and the sum of the first # terms is 7224. Write down two equations in n and

p and hence find the values of n and p. 15]
Answer
Question Answer Marks Guidance
(1) p[zu - l] . M1
8, = 501
2-1
p(2"-1)>1000p - 2">1001 AG Al
2
(i1) P+(n_1)P=336 B1 | Expect np =336

B1

E[2p+(n-1)p]=7224 Expect g(p+np)=7224

Eliminate n or p to an equation in one variable M1 | Expecte.g. 168(1 + 1) =7224 or 1 + 336/p =43 etc
n=42,p=8 AlAl
5

9709/12/F/M/19
Question 67:

(a) The third and fourth terms of a geometric progression are 48 and 32 respectively. Find the sum
lo infinity of the progression. 131

(b} Two schemes are proposed for increasing the amount of household waste that is recycled each
week.

Scheme A is to increase the amount of waste recycled each month by 0.16 tonnes.

Scheme B is to increase the amount of waste recycled each month by 6% of the amount
recycled in the previous month.

The proposal is © operate the scheme for a period of 24 months. The amount recycled in the
first month is 2.5 tonnes.

For each scheme, find the total amount of waste that would be recycled over the 24-month period.
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Answer:
Answer Marks Guidance
(@) | ari=48.ar* =321 =%ora=108 M1 | Solution of the 2 eqns to give  {or g). Al (both)
r=3%anda=108 Al
Soo = g 374 Al | FT Needs correct formula and 7 between —1 and 1.
3
3
(b) Scheme A @=2.50,4=0.16 M1 | Comect use of either AP S, formula.
Su = 12(5 +23%0.16)
S = 104 tonnes, Al
Scheme Ba=2.50, r=1.06 Bl | Correct value of r used in GP.
2.5(1.06% 1) M1 | Correct use of erther S, formula.
= T
Sa = 127 tonnes. Al
5

97091 1/M/)/ 19
Question 68:

{a} In an arithmetic progression, the sum of the first ten terms is equal to the sum of the next five
lerms. The f{irst term is a.

(i) Show that the common difference of the progression is %a, [4]
{ii) Given that the tenth term is 36 more than the fourth term, find the value of a. 121
(b} The sum to infinity of a geometric progression is 9 times the sum of the first four terms. Given
that the first term is 12, find the value of the fifth term. [4]
Answer:
Question Answer Marks Guidance
10(a)(1) | Sw=8s5—S5worSuw=Snuniy M1 | Either statement seen or implied.
5(2a + 9d) oe Bl
5 Al
7.5(2a + 14d)y - 5{2a + 9d) or ;[{a + 10d) + (a+14d)] oe
=2 ac Al | Correct answer from convincing working
3
4

Condone starting with = % and evaluating both

summations as 25a.

10(a)(i1) | (a+9d)=36+(a+3d) ML | Correct use of a+(n—1)d twice and addition of
*36

a=18 Al
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10(b) a ali-r) Bl | May have 12 in place of 2.
Ss =9 %8y, =9 or 9(a + art+ @ +art)
1-r 1-r
91 —-"y=1wheren=34o0r5 M1 | Correctly deals with @ and correctly eliminates
1—1"
,_8 Al
#=— oe
9
(5" term =) 10%: or 10.7 Al

4 | Final answer of 10.6 suggests premature
approxumation — award 3/4 www.

Question 69:

9700/12/M/1/ 19

{b) The first, second and third terms of a geometric progression are x, x — 3 and x — 5 respectively.

(i) Find the value of x. [2]
(ii) Find the fourth term of the progression. [2]
(ifi} Find the sum to infinity of the progression. 2]
Answer:
(L)1) x=3 x-=5 \ M1 | Any valid method to obtain an equation i one variable.
—_—= oe (or use of @, ar and ar)
X x=3
(a=orx=)9 Al
2
(L)1) x— {x—% X—5 M1 | Any valid method to find 7 and the fourth term with their a & r-
r= [—] or l ] or =%, Fourth term = 9 % (35)}
x x=3 x
2% or 2.67 Al | OE, AWRT
b)(ai1) o= 9 M1 | Correct formula and using their *r and “a’, with |r|<1, to
-r 1-% obtain a numerical answer.
27or270 Al | AWRT

Question 70:

9709/12/0/N/19

The first, second and third terms of a geometric progression are 3k, 5k — 6 and 6k — 4, respectively.

(i) Show that k satisfies the equation Ti2 — 48k +36 = 0.

[2]

(ii) Find, showing all necessary working, the exact values of the common ratio corresponding to

each of the possible values of k. [4]
(ili) One of these ratios gives a progression which is convergent. Find the sum to infinity. 21
Answer:
901) 5k-6 _ tfk —4 (sk —6)1 ~3k(6E—4) M1 | OR any vald relationship
3k k-6
25k —60k +36 =18k 12k — 7k* 48k +36 Al | AG
91 B1B1
@) k= s .6 Allow 0.857(1) for s
7 7
G ) B1 | Must be exact
Whenfr=—_r=-=
7 3
4 Bl
Whenk=6,r= -
3
9(111) M1 | Provided 0 < [their =2/3| < 1

. i 2 , . 6
Use of 5 =% with r = their - 3 and a=3 xﬁre:’r?

2
£+[1+ 2J=2 or 1.54
7 3) 35

Al | FT 1if 0.857(1) has been used in part (11).
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9709/13/0O/N/19
Question 71:
(a) An arithmetic progression has a first term of 5 and a common difference of -3.
Find the number of terms such that the sum to » terms 1s first less than —200. [4]

b) A geometric progression is such that its 3rd term 15 equal to ull and its 5th term 1s equal to ﬁ
il 1024

(i) Find the first term of this progression and the positive common ratio of this progression. [5]

(ii) Hence find the sum to infinity of this progression. [1]
Answer:
Question Answer Marks Partial Marks
0@ | _pp= 110+ @m—1)(-3) 4 | M1 for attempt to use sum to 7 terms. allow use
leading to 3% — 1371 — 400 (=0 af=or Cor< .
n=139 Al for correct quadratic expression
50 l4tl; t‘;nn needed DMI for attenpt to 50-1“3
Al for correct conclusion
10(b)(1) 2_81 5 | B for 3rd term
=6 B1 for 5th term
= 729 M1 for attempt to solve their equations to obtain
1024 either rora
22 Al forr
16 Al fora
p=3
4
=2
a=q
100b)(u) | S,.=9 Bl | FT on their a and r, provided [ < 1

4037/01/SP/20
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Inequalities Past Papers 1972-2019
. Find the solution set of the inequality =5 > |,

(J72/P2/1)
2. Find the solution set of the inequality 1 <19 - 6x. (N72)P1/2)
3.  Find the solution set of ‘the inequality :_;’2‘ >3, J73/P21)
4.  Inanswering either part of this question, you may, if you wish, make use of rough sketch graphs.
(@) Given that the inequalities x + y > 1, 3y > 2x - 1, 3x > 2y are simultaneously satisfied,.find the
range of values to which x is restrlcted and the range of values to which y is restricted.
(b) Find the solution set of the inequality x + 1 < 2. (N73/P1/2)
5.  Find the solution set of the inequality x% <x+1, (J74/P|i2)
6.

(a) Calculate the area of the region of the x — y plane defined by the simultaneous inequalities
y< 2x,x+y<6,x<5y.

. (b) Find the solution set of the inequality x+| FE (N74/P2/2)
7. Prove that the simultaneous inequalities y < x, 2y + x > 0, x + y < 12 together in'1ply 0<x<24,and
find the set of values to which y is restricted. 75/P2/2)
8.  Find the solution set of the inequalities
(@) % e, (®) 3x(x-5)<2(2x-3). (N75/P2/1)
9. Use a graphical method to find all pairs of positive integers (x, y) satisfying the following three
inequalities simultaneously: 4x —y>2,2x + y <12,y > x, ' (76/P2/2)

10. Draw a diagram illustrating the region S of the x — y plane which is defined by the simultaneous
inequalities x +y 27, 2x + y < 13, 2x + 3y < 19, and give the coordinates of the vertices of .S. Prove
that, if the line y = kx intersects S, then + <k< 2— The point P lies on y = kx and is in the region S.
Prove that, when ¢ L <ks? 7 the maxlmum value for the y-coordmate of P is 13k/(2 + k), and find the
corresponding express:on when — <k< 2' (J77/P172)

11. Find the solution set of the inequality ; < ;l—l wherex e R,x# 1, -1, o (J78/P213)

12. ThesetSis {(x,):y+2x25andx’ +)* < 10, (x, y) € R x R}. Give a sketch of the x - y plane to

show the region in which the points representing the members of S must lie. If (x, kx) € S find the set
of possible values of k. (N78/P1/1)

13. (a) Show that the region of the x — y plane within which the following four simultaneous

inequalities are satisfied is, in fact, defined by only three of the inequalities, and state the
redundant inequality. x <6,y < x, 3x - y> 3,x+2y>6.

(b) Find the solutlon set of the inequality - -— >x,wherex e R, x#-1.

(J79/P2/2)
14. Solve the mequallty 5 >3 -2,(xeRx= 2)

(N79/P1/1)
15. (a) Find the solution set for x given that the following three relations for x,y, where x, y ¢ R
_ simultaneously true: y <x +1, y + 6x < 20 x=5y-17.

(b) Find the solution set of the mequahty s <x+l,(xe R x #3). (J80/P2r2)




16.

17.

19.

20.

21.

o

23,

24,

as.

26.
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(a) Functions fand g are definedby f: x > x(x = 1), g: x = (x = 1) 3x ~ 5), where x € R in each
case.
(i) Find the solution set, S, of the inequality f(x) 2 g (x).
(i) Sketch the graph of y = f(x) - g (x) for x € §, and state the greatest and least valyes of
f(x)-g(x)forx e S.
(b) Illustrate by means of a sketch the subset of the x-y plane given by {(x, ) : |x| < [y]}. (J81/P1n)

(a) The set.S of ordered pairs of real numbers is given by S = {(x, y): y 2 3x, y +2x<35,y< X,
Draw a sketch showing, by shading, the region of the x-y plane containing all the points (x, ¥)in
S. Given that (x, y) € S, find the maximum value of (4x — y) and the minimum value of (x +y),

(b) Find the solution set of the inequality == >x, (x € R, x# 1). (N81/P172)

Solve the inequality 2 > x, (x € R, x % 1), (J82/P21)

Find the set of values of k for which, for all real values of x, 3x* +3x+ k> 0and 3 + kx + 3> 0.
(N82/P1R2)

Find the solution set of the inequality 51~ < -\ (N82/P2/1)

(a) Findthe §olution set of the inequality ﬁ% +1>0.

(b) Giventhatx+2y>3andy-3x 25, show thaty - x 2 3. (J83/P2/3)

The set, S, of ordered pairs, (x, ), of real numbers is defined by = {(x,y): y -2x<0,2y-x20,

2y + x — 20 < 0}. Illustrate the region in the x-y plane determined by the set S . For (x,y) € S find
(a) the greatest value of x + 4y,

(b) the greatest value of ¥* +7, :
(c) the set of values of )* - 6y. (J83/P1/2)

(a) Solve the inequality 7>~ <5 -4x. (x e R, x = ).

(b) Draw a sketch to illustrate the region R of the x-y plane defined by the simultaneous inequalities

3x=Ty 21, 2x +y < 12. Show that the liney = mx + (2 - 5m) passes through the vertex of R for
all values of m. Deduce the set of values of m for which the inequality y < mx + (2 — 5m) is true
for all (x, y) in R. ‘ ()84/P2/3)

(a) Illustrate the solution set of the simultaneous inequalities 9 < y + 3x < 18,0 S 2y - 3x < 18 by
means of a diagram, and write down the sets of values to which x and y are separately

restricted.
(b)  Find the solution set of the inequality =25 > =2 where x € R, x#2, x # 3. (J85/P2/2)
Find the solution set of the inequalities:
@ |x-2|<2x ® 5 < () ¥-6x+7>0

Find the range(s) of the values of x for which the following inequalities hold:
(@ I3x+5|<4 © |x?+1]<|x2-9|

® [24]>1 @ 13- 2x] < |x + 4|
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27. (a) Find the solution set of the inequality x + L > %
(b) i:;:::\ﬁle s‘limultar.\eous equations x *+y=6,x"+y = 26. Hence, with the aid of a diagram, o1
i ::e. letemmme all the pairs of integers (x, y) for which the inequations x +y 2 6, x* + y# <
imultaneously true. (N85/P1/2;
28. Solve the following inequalities:
x+1
@ 5 <4, ® B <4, © |2 <a. (J87/P1/18)
29. Sketch the graph of y = |x + 2| and hence, or otherwise, solve the inéquality x+2]>2x+1,x€R.
(N87/P1/4)
30. Solve the inequality x — x* > 0. (J88/P2/5)
31. (a) Sketch, on the same diagram, the graphs of y = 1 and y = x - % Find the solution set of the
inequality x — % >1
(b) Sketch, on separate diagrams, the graphs of y = x|, y=|x - 3|, y=|x - 3| + |x + 3|. Find
the solution set of the equation |x — 3| + |x + 3| = 6. (J89/P1/14)
32. Solve the inequality x(x — 1)(x —2) > 0. (N89/P1/6)
33. Solve, for x € R, each of the following inequalities:
(8) %<5 (b) x(x-2)<5, (c) Ixl <4|x-3|. (J90/P1/15)
34, Solve the equation 4|x| = |x — 1|. On the same diagram, sketch the graphs of y = 4 |x| and y =
|x = 1| and hence, or otherwise, solve the inequality 4 |x] > |x - 1]. (N90/P1/4)
35. Solve the inequality x* < 6x — x°. - " (J91/P1/3)
36. Solve the inequality 52 <3, ' (192/P1/4)
37. Sketch, on a single diagram, the graphs of x + 2y = 6 and y = |x + 2|. Hence, or otherwise, solve the
inequality |x + 2| < 3(6 - x). (N92/P1/4)
38. Express 3x* — 12x — 4 in the form A(x + B)* + C, giving the values of 4, B and C. Hence or otherwise
solve the inequality 3x* — 12x — 4 > 0. Give your answer in a form involving one or more of the
intervals x < a, x > b, a < x < b, where the value of a and b contain surds. Hence or otherwise solve
exactly the inequalities
(a) 3y +12y-4>0, :
(b) 3e-12¢"-4>0, (N93/P1/12)
Question 39:
Solve the inequality |x + 2| < {5 — 2x|. [4]
Answer:
EITHER: State or imply non-modular inequality (x +2)® < (5 - 2x)*, or corresponding equation Bl
Expand and make reasonabie solution atternpt at 2- or 3-term quadratic, or equivalent M1
{btain critical values 1 and 7 Al
State correct answer x <1, x> 7 Al
OR: State one cotrect equation for a critical value e.g. x+2=5~-2x MI1
State two relevant equations separately e.g. x+2=5-2x and x+2=-(5 -2x) Al
Obtain critical values [ and 7 Al

State correct answer x <1, x> 7 Al
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OR: State one critical value (probably x = 1), from a graphical method or by inspection or by

solving a linear inequality

State the other critical value comrectly
State correct answer x <1, x>7
[The answer 7 <x <1 scores B0.]

Question 40:
Solve the inequality |9 — 2x| < 1.

Answers:

EITHER: State or imply non-modular inequality (9 - 2x)><1,ora correct pair of linear inequalities,

combined or separate, e.g. -1 <9-2x<1
Obtain both critical values 4 and 5
State correct answer 4 <x < 5; acceptx>4,x<35

OR: State a correct equation or pair of equations for both critical values e.g. 9 - 2x=1and 9 - 2x = -1,

or 9-2x=%1
Obtain critical values 4 and 5
State correct answer 4 <x <5;acceptx>4,x<35

OR: State one critical value (probably x = 4) from a graphical method or by inspection or by

solving a linear inequality or equation

State the other critical value correctly

State correct answer 4 <x < 5; acceptx>4,x<5

[Use of <, throughout, or at the end, scores a maximum of B2.]

Question 41:
Solve the inequality |x - 2| <3-2x.

Answers:
EITHER State or imply non-modular inequality (x -2)* < (3 -2x)?, or

B1

M1
A1l
A1l

BA
B1
B1
B1

B2
B1
B1

[4]

B1
M1
Al
A1l

corresponding equation
Expand and make a reasonable solution attempt at a 2- or 3-term
quadratic, or equivalent
Obtain critical value x =1
State answer x < 1 only
oRrR State the relevant linear equation for a critical value,
i.e 2-x=23-2x, or equivalent
Obtain critical value x =1
State answer x < 1
State or imply by omission that no other answer exists
OR Obtain the critical value x = 1 from a graphical method, or by inspection,
or by solving a linear inequality
State answer x < 1
State or imply by omission that no other answer exists
Question 42:
Solve the inequality |x - 4‘ > |x + 1 |
Answers:
EITHER: State or imply non-modular inequality (x - 4)°> (x + 1),
or corresponding equation
Expand and solve a linear inequality, or equivalent
Obtain critical value 1%
State correct answer x < 1% (allow =)

Bl
B2
Bl 4
9709/2/M/1/02
[3]
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl 3
9709/3/0/N/02
[4]
9709/3/Mm/1/03
[4]




Compiled By: Nagash Sachwani

OR: State a correct linear equation for the critical valueeg. 4 -x=x+1 B1
Solve the linear equation for x M1
Obtain critical value 1%, or equivalent A1
State correct answer x < 1% A1

OR: State the critical value 1'%, or equivalent, from a graphical method or by

inspection or by solving a linear inequality B3
State correct answer x < 1% B1 9709/2/M/1/03
Question 43:
Find the set of values of x satisfying the inequality ‘8 - Sx‘ < 2. [3]
Answers:
1 EITHER: State or imply non-modular inequality e.g. -2 < 8-3x < 2, or (8-3x)" < 2%,
or corresponding equation or pair of equations M1
Obtain critical values 2 and 3% Al
State correct answer 2 <x <3 % Al
OR: State one erilical value (probably x = 2), from a graphical method or by
inspection or by solving a linear equality or equation Bl
State the other critical value correctly Bl
Slate correct answer 2 < x < 3 % Bl
131 9709/02/0/N/03
Question 44:
Solve the inequality |2* — 8| < 5. [4]
Answers:
EITHER: State or imply non-modular inequality —5 <2* -8<5, or (2* - 8)* < 5% or corresponding
pair of linear equations or quadratic equation Bl
Use correct method for solving an equation of the form 2* =a M1
Obtain critical values 1.58 and 3.70, or exact equivalents Al
State correct answer 1.58 <x<3.70 Al
OR: Use correct method for solving an equation of the form 2* =a M1
Obtain one critical value (probably 3.70), or exact equivalent Al
Obtain the other critical value, or exact equivalent Al
State correct answer 1.58 <x <3.70 Al

[Allow 1.59 and 3.7. Condone < for <. Allow linal answers given separately. Exact equivalents must be

in terms of In or logarithms to base 10.]
[SR: Solutions given as logarithms to base 2 can only earn M1 and B of the first scheme.]

9709/03/0/N/03
Question 45:
Solve the inequality |2x + 1] < |x|. (4]
Answers:
EITHER: State or imply non-modular inequality (2x+1)? < x? or corresponding quadratic
equation or pair of linear equations (2x + 1) =+ x B1
Expand and make a reasonable solution attempt at a 3-term quadratic, or solve two
linear equations M1
Obtain critical values x = ~1and x =~ only A1

State answer —1 < x < -% A1
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OR: Obtain the critical value x = —1 from a graphical method , or by inspection, or by
solving a linear inequality or equation B1
Obtain the critical value x = ".l% {deduct B1 from B3 if extra values are obtained) B2
State answer—1<x<-1 B1 4
[Condone < for <; accept ~0.33 for -3 .] 9709/03/M/J/04
Question 46:
Solve the inequality |x + 1| > |x|. [3]
Answers:
EITHER: State or imply non-modular inequality (x + 1)° > x* or corresponding
quadratic equation or linear equation x + 1= -x B1
Obtain critical value _% B1
State answer x = —% B1
OR: Obtain critical value —% by solving a linear inequality or by
graphical method or inspection B2
State answer x > —% B1 3
1 -
+1= >4 — I M1
[For 2x 0, x > or similar reasonable method] 9709/02/0/N/04
Question 47:
Solve the inequality |x| > [3x —2|. [4]
Answers:
EITHER State or imply non-modular inequality X* > (3x — 2)?, or corresponding
equation
Expand and make reasonable solution attempt at 2- or 3-term quadratic,
or equivalent
Obtain critical values ¥ and 1
State correct answer 2 < x <1
OR State one correct linear equation for a critical value
State two equations separately
Obtain critical values ¥z and 1
State correct answer ¥z < x <1
OR State one critical value from a graphical method or inspection or by
solving a linear inequality
State the other critical value correctly
State correct answer Y2 < x <1 9709/02/M/J/05
Question 48:
Given that a is a positive constant, solve the inequality
|x—3a| > |x—al. [4]
Answer:
EITHER: State or imply non-modular inequality (x—3a)” > (x—a)*, or corresponding equation Bl
Expand and solve the inequality, or equivalent M1
Obtain critical value 2a Al
State correct answer x < 2a only Al
OR: State a correct linear equation for the critical value, e.g. x —3a = —(x —a), or corresponding
inequality Bl
Solve the linear equation for x, or equivalent M1
Obitain critical value 2a Al
State correct answer x < 2g only Al




OR: Make recognizable sketches of both y = | x—3al and y= |x—alona single diagram B1

Obtain a critical value from the intersection of the graphs
Obtain critical value 2a
Obtain correct answer x < 2a only

Question 49:
Solve the inequality 2x > |[x — 1.
Answer:
EMTiiER: State or imply mon-modular inaquality 2 > (x=-0%.or correspanding equation
Expand and nuade n retsonshle selution aftempl 21 3 2- or I-lerm quadralic
Obtain eritical valve x = 1
Stite pnswwer x> J{ ealy
Of; Statg the relevant critical lincar equation, ig. 2x= 1 -
Obtain critical value x =14
State answer x> |
Statc or tmply by omission that no other answer exdsts
OR: Ottain the critical valug x= % from a graphical method, or by inspection. oe by salving a
Lty sty
Shafe answer x > }

State or immply by omissien that po other answer exists

Question 50:
Solve the inequality |2x — 1] > |x|.
Answers:

Compiled By:

Bl
Ml
Al
Al
Bl
Bl
Bl
Bl

B2
Bl

Bl 9709/03/M/J/06

EITHER: State or imply non-modular incquality (2x =1)° > x* or corresponding quadratic equation

or pair of lincar equations 2x-l1=z2x

Make reasonable solution attempt at a 3-lerm quadratic, or solve two linear equations

Oblain eritical valuesr = 1 and x -J:I.

State answer x -‘:41-. x>1

OR: Obtain critical value x = 1 from a graphical method, or by inspection, or by solving a linear

inequalily or linear equation
Obtain the critical value x =1 similarly

Stateanswerx<l,r >1

Question 51:
(i) Express 4" in terms of y, where y = 2%,

(ii) Hence find the values of x that satisfy the equation
3(4’”) - 10(2x) +3=0,

giving your answers correct to 2 decimal places.
Answers:
(i) State or imply that 4% =3 (=2%9
{il) Carry out recognizable solutitn method for a quadratic equation in y
Obainy=3andy=4 from 3y* - 10y +3=0
Use logarithmic method to solve an equation of the fonn 2° =k, where k>0

State answer 1.58
State answer -1.58

(A1 Vif£1.59)

Naqgash Sachwani
M1
Al
Al
9709/03/0/N/05
[4]
[4]
M1
Ml
Al
Al
Bl
B2
Bl
9709/02/0/N/06
[1]
[5]
Bl
Ml
Al
Ml
Al
Al
9709/02/0/N/06




Question 52:
Solve the inequality |[x — 3| = |x +2|.

Answers:

EITHER State or imply non-modular inequality (x — 3)* > (x + 2)%, or
corresponding equation
Expand and solve a linear inequality, or equivalent

Obtain critical value %

Stale correct answer x < % {allow x = %}

OR Slate a correct linear equation for the critical value, e.g. 3 —x=x+ 2,
or corresponding correct inequality, e.g. {(x —3) > (x + 2)
Solve the linear equation, or inequality

Obtain critical value %

1
Stale correct answer x < E

OR Make recognisable sketches of both y = |x ~3 and y=|x+ 2| on a

single diagram
Oblain a eritical value from the intersection of the graphs

. " 1
Obtain critical value E
1
State final answer x < E

Question 53:
(i) Solve the inequality |y - 5| < 1.

Compiled By: Nagash Sachwani
[4]
M1
Ml
Al

Al

M1
M1

Al

Al

Bl
Ml

Al

Al 9700/02/M/J/07

[2]

(ii) Hence solve the inequality |3* — 5| < 1, giving 3 significant figures in your answer. [3]

Answers:
(iy Oblain critical values 4 and 6
Slale answer 4 <y <6

(i)  Use correct method for solving an equation of the form 3* = a, wherea =0
Oblain one critical value, i.e. either 1,26 or 1.63
State answer 1,26 < x <1.63

9709/02/0/N/07
Question 54:
Solve the inequality [x — 2| > 3|2x + 1].
Answers:
. . . : 2
EITHER State or imply non-modular inequality (x — 2)° > (3(2x+1))*, or
corresponding quadratic equation, or pair of linear equations

(x—2)=+3(2x +1)

Bl
Bl 12]

M1
Al
Al [3]

[4]

Bl

Make reasonable solution atlempt at a 3-term quadratic, or solve two linear

equalions
Obtain critical values x = —1 and x = —%

1
Stale answer —1 < x < —=

Ml
Al

Al
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OR Obtain the critical value x = —1 from a graphical method, or by inspection, or
by solving a linear equation or inequality Bl
Obtain the critical value x ; similarly B2
Stale answer —1 < x < % Bl
[Do not condone < lor < accepl 1—1 and — 0.14 for %.j 9709/03/M/J/08
Question 55:
Solve the inequality |x — 3| > |2x]. [4]
Answers:
EITHER: State or imply non-modular inequality (x — 3)* > (2x)° or corresponding quadratic
equation or pair of linear equations (x — 3) =+ 2x M1
Make reasonable solution attempt at a 3-term quadratic, or solve two linear equations M1
Obtain critical values x= 1 and x =3 Al
Slale answer —3 < x < | Al
OR:  Obtain critical value x = -3 from a graphical method, or by inspection, or
by solving a linear inequality or linear equation B1
Obtain the critical value x = 1 similarly B2
Staie answer -3 <x < | Bl 9709/02/0/N/08
Question 56:
Solve the inequality |3x + 2| < |x]. [4]
Answers:
EITHER: State or imply non-modular inequality (3x + 2)* <%, or corresponding quadratic equation,
or pair of linear equations 3x + 2=+ x M1
Make reasonable solution attempt at a 3-lerm quadratic, or solve two linear equations M1
Obtain eritical values x =1 andx=—'; Al
Siale answer—1 <x < —% Al
OR: Obtain the critical value x =—1 from a graphical method or by inspection, or by solving
a lincar equation or inequality Bl
Obitain the critical value x = —5' similarly B2

Siate answer —1 <=x<-1 Bl
2z a709/02/M/J/09

Question 57:

Solve the inequality 2 —3x < |x - 3|. [4]

Answers:

EITHER: State or imply non-modular inequality (2 — I <(x-3)7 or corresponding equation,
and make a reasonable solution attempt at a 3-lerm quadratic M1
Obtain eritical value x= —% Al
Obtain x> — Al
Fully justily x > —ll as only answer Al

ORl: State the relevant critical linear equation, ie. 2 -3xr=3 —x Bl
Obtain critical value x= —% Bl
Oblain x = —% Bl
Fully justify x > ll as only answer Bl

OR2: Obtain the critical value x =— by inspection, or by solving a linear inequality B2
Obtain x = — Bl

1
]
Fully justify x >~

5 as only answer Bl
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OR: Make recognisable sketches of y =2 — 3x and y = [r — 3| on a single diagram Bl
Obtain critical value x = —% Bl
Obtain x > —}l Bl
Fully justify x = -:'! as only answer Bl
[Condone = for = in the third mark but not the fourth. ] 9709/31/0/N/09
Question 58:
Solve the equation 372 = 3% 4 32, giving your answer correct to 3 significant figures. 4]
Answers:
EITHER: Use laws of indices correctly and solve a linear equation for 3, or for 37 M1
2
Obtain 3%, or 3 in any correct form, e.g. 3" = [3? Al
N
Use correct method for solving 3" = a for x, where a> 0 M1
Obtain answer x = 0,107 Al
£a
IR: State an appropriate iterative formula, e.g. X, = w -2 Bl
n
Use the formula correctly at least once M1
Oblain answer x = 0,107 Al
Show that the equation has no other root but 0.107 Al
[For the solution 0.107 with no relevant working, award Bl and a further B1 i 0.107
is shown to be the only root,] 9709/31/0/N/09
Question 59:
Solve the inequality |x + 3a| > 2|x — 2a/|, where a is a positive constant. [4]
Answers:
EITHER: State or imply non-modular inequality (x + 3a)® > (2(x — 2a))”, or corresponding
guadratic equation, or pair of linear equations (x + 3a) = £ 2(x — 2a) Bl
Make reasonable solution attempt at a 3-term quadratic, or solve two linear
equations M1
Obtain critical values x=1a and x=T7a Al
Stale answer ta < x <7a Al
OR: Obtain the critical value x = 7a from a graphical method, or by inspection, or by
solving a linear equation or inequality Bl
Obtain the critical value x =1 a similarly B2
Stale answer za<x<Ta Bl
[Do not condone = for <; accept 0.33 for 1] 9709/31/M/J/10
Question 60:
Solve the equation
2"+ 1
T =
2F -1
giving your answer correct to 3 significant figures. [4]
Answers:
FEITHER: Atlemplt Lo solve lor2* M1
Obtain 2* = 6/4, or equivalent Al
Use correct method for solving an equation of the form 2° = a, where a = 0 M1
Obtain answer x = 0.585 Al




OR:

Compiled By: Nagash Sachwani

State an appropriate iterative formula, e.g. x, ;= In{(2™+6)/5)/In 2 Bl
Use the iterative formula correctly at least once M1
Obtain answer x = 0.585 Al
Show that the equation has no other root but 0.585 Al [4]

[For the solution 0.585 with no relevant working, award B1 and a further B1 i 0.585 is shown to
be the only root.]

9709/32/M/JI10
Question 61:
Solve the inequality [x — 3| > 2|x + 1. [4]
Answers:
EITHER: State or imply non-modular inequality (x — 3)* > (2(x + 1)), or corresponding quadratic
equation, or pair of linear equations (x—3)=%2(x+ 1) Bl
Make reasonable solution attempt at a 3-term quadratic, or solve two linear equations M1
Obtain critical values —5 and 1 Al
State answer —5<x<1 Al
R Obiain the critical value x = —5 [rom a graphical method, or by inspection,
or by solving a linear equation or inequality Bl
Obtain the critical value x=1 similarly B2
State answer —5<x <1 Bl
[Do not condone < for <; accept 0.33 for 1] 9709/33/M/J/10
Question 62:
Solve the inequality 2|x — 3| = |3x + 1. [4]
Answers:
EITHER: State or imply non-modular inequality (2(x — 3))" > (3x + 1)’, or corresponding
quadratic equation, or pair ol hinear equations 2(x —3)=%(3x + 1) Bl
Make reasonable solution attempt at a 3-term quadratic, or solve two linear
equalions MI
Obtain critical values x = -7 and x = 1 Al
State answer —7 <x < | Al
OR: Obtain critical value x =7 or x = 1 from a graphical method, or by inspection,
or by solving a linear equation or inequality Bl
Obtain critical values x =7 and x = 1 B2
State answer —7 <x < | Bl
| Do not condone: < for <. |
9709/32/0/N/10
Question 63:
Solve the inequality |x| < |5 + 2x|. [3]
Answers:
EITHER: State or imply non-modular inequality x* < {5 i 2_:)3 , or corresponding
equation, or pair of linear equations x =+(5 + 2x) M1
o 5
Obtain critical values —5 and 3 only Al

i ) 5
Obtain final answer x < -5, x> 3 Al
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OR: State one critical value e.g. —5, by solving a linear equation or inequality, or

from a graphical method, or by inspection

.I,_r
State the other critical value, e.g. —'E, and no other

. 5
Obiain final answer x < -5, x = 3

[Do not condone < or =.]
Question 64:

Solve the equation |4 — 2*| = 10, giving your answer correct to 3 significant figures.

Answer:
State or imply 4 -2 =-10and 10

Use correct method for solving equation of form 2* =a
Obtain 3.81
Question 65:
Find the set of values of x satisfying the inequality 3 [x — 1| < |2x + 1|.
Answers:
EITHER  State or imply non-modular inequality (3(x — )P <(2x+1)

or corresponding quadratic equation, or pair of linear equations 3(x — 1)=+(2cr + 1)

Make reasonable solution attempt at a 3-term quadratic, or solve two linear
equations

R 2
Obtain critical values x = 5 andx =4

2
State answer S<x< 4

OR Obtain critical value x = % or x = 4 from a graphical method, or by inspectlion, or by

solving a linear equation or inequality
. - 2
Obtain critical values x = 3 andx=4
2
Slate answer $<x< 4
[ Do not condone < lor <]

Question 66:
Solve the equation

51 =5_5
giving your answer correct to 3 significant figures.
Answer:
EITHER Use laws ol indices correctly and solve for 5% or for 5 or for 57
Oblain 5" or for 5 * or for 5*' in any correct form, e.g. 5° = | 51 ;
5
Use correct method for solving 5 =a, or 5*=a, or 5'=a, where a > 0
Oblain answer x = 1.14
. . In(5* '+5)
oR Use an appropriale iterative formula, e.g. X, = = , correctly, at least once
Obtain answer 1.14
Show sullicient iterations to at least 3 d.p. to justify 1.14 to 2 d.p., or show
there is a sign change in the interval (1.135, 1.145)
Show there is no other root
[For the solution x = 1.14 with no relevant working give B1, and a further B1 il
1.14 is shown Lo be the only solution.]
Question 67:

(i) Solve the equation |[4x - 1| = |x =3|.

(ii) Hence solve the equation |4""' — 1] = [4" - 3| correct to 3 significant figures.

Bl
Bl

Bl

0700/32/M/J/11
(3]

Bl
M1
Al 9709/31/M1IM12

[4]

Bl

M1
Al

Al

Bl
B2

Bl
9709/32/0/NM2

[4]

M1
Al

Ml
Al

Ml
Al

Al
Al

9709/32/0/NM 2

[3]

[3]
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Answers:
(i) Either State or imply non-modular equation (4x-1)* =(x~3)* or pair of
linear equations 4x—1==4{x—3) Bl
Solve a three-term quadratic equation or two linear equations M1
. 2 4
Obtain —— and — Al
3 5
Or Obtain value —% [rom inspeclion or solving linear equation Bl
. 4 .
Obtain value r similarly B2
(i) State or imply at least 47 =%, following a positive answer from part (i) B1Y
Apply logarithms and use loga” = bloga property M1
Ubldin ﬂ. 1 {'II EI.TId na ULI‘IET ANSWET Al a709/31/M/JI13
Question 68:
Solve the equation 2|3* — 1| = 37, giving your answers correct to 3 significant figures. [4]
Answers:
EITHER: Stale or imply non-modular equation 22( 3 - ]}2 = ( 3")2 , or pair of equations
2(3* -1)=43 Ml
Obtain 3* =2 and 3I=§ (or3*''=2) Al
OR: Obtain 3* = 2 by solving an equation or by inspection Bl
Obtain 3* :% (or 3*'" = 2) by solving an equation or by inspection Bl
Use correct method for solving an equation of the form 3* = a (or 3*'' = 4), where a > 0 M1
Obtain final answers 0.631 and —0.369 Al 9709/32/0/N/13
Question 69:
Solve the inequality x* —x — 2 > 0. [3]
Answer:
(x + 1) (x—2) or other valid method M1 Attempt soln of eqn or other method
-1,2 Al
x<-1,x=>2 Al Penalise <,>
3] 9709/13/0/N/13

Question 70:
Find the set of values of x satisfying the inequality

|x+2a|>3|x—a

k]

where a is a positive constant. [4]
Answers:
EITHER:State or imply non-modular inequality (x + 2a)* > (3(x —a))?, or corresponding
quadratic equation, or pair of linear equations (x + 2a): ﬂ(x - a} Bl
Make reasonable solution attempt at a 3-term quadratic, or solve two linear equations
for x Ml
Obtain critical values x=+a and x=3a Al

State answer {‘-ac:.xc-;-a Al
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OR: Obiain critical value x =3 a from a graphical method, or by inspection, or by solving
a linear equation or inequality BI
Obiain critical value x = a similarly B2
State answer La<x<Za Bl
[Do not condone = for <.] 9709/32/M/J/14
Question 71:
(i) Express 4x* — 12x in the form (2x +a)* + b. 2]
(ii} Hence, or otherwise, find the set of values ol x satislying dxt —12x> 7. [2]
Answers:

B1B1 For -3 and -9

. 2
@ (2x-3)"-9 2]

(i) 2x-324 2xr-3<—4 M1 At least one of these stalements
be% (o) x{_% cao Al Allow “and’ 3%, —% soi scores first M1
Allow —l:-x:-}l
2 2
OR 472 127> (2x—T)2x+ 1) M1 Altempt o sul\lfe 3—[«;:1111 quadratic
:c:-.’il (0r) {_l ca0 Al Allow “and’ 35, -3 soi scores [irst M1
2 2 12]
Allow —l:»x}}l
2 2
9709/11/M/J/14
Question 72:
Solve the inequality |3x — 1| < |2x + 5|. [4]
Answers:
Either ~ State or imply non-modular inequality (3x —1)" <(2x+5)’ or corresponding
quadratic equation or pair of linear equations 3x-1= i{z;r + 5) B1
Solve a three-term quadratic or two linear equations 5x” — 26x —24 < 0 M1
Obtain —% and 6 Al
4
State —§<x~:6 Al
Or Obtain value 6 f[rom graph, inspection or solving linear equation Bl
. 4
Obtain value 3 similarly B2
4
State ——<x<6 Bl
5 9709/33/0/N/14

Question 73:
Using the substitution # = 4%, solve the cquation 4% + 4* = 42, giving your answer correct to

3 significant figures. [4]
Answer:
Use laws of indices correctly and solve for Ml
o 16
Obtain # in any correct form, e.g. # = —— Al
16-1
Use correct method for solving an equation of the form 4* =a, where a> 0 M1
Obtain answer x = 0.0466 Al 9709/32/M/J/15
Question 74:
Solve the inequality |x — 2| > 2x - 3. [4]

M
I
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Answers:
EITHER: State or imply non-modular inequality (x —2)* > (2x —3)*, or corresponding equation Bl
Solve a 3-term quadratic, as in Q1. Mi
5
Obtain critical value x = - Al
3
5
State final answer x < — only Al
3
OR1: State the relevant critical linear inequality (2 — x) > (2x — 3), or corresponding
equation Bl
Solve inequality or equation for x MI
5
Obtain critical value x = — Al
3
State final answer x < - only Al
3
OR2; Make recognisable sketches of y=2x -3 and y= |.t -2| on a single diagram Bl
Find x-coordinate of the intersection MI
5
Obtain x = — Al
3
. 5
State final answer x < — only Al
3 9709/33/MIJ/15
Question 75:
Solve the inequality |2x — 5| > 3|2x + 1). [4]
Answers:
FEITHER: State or imply non-modular inequality (2x -5 > (3(2x+1)%, or corresponding
guadratic
equation, or pair of linear equations (2x —5)=43(2x +1) Bl
Make reasonable solution atlempt at a 3-term quadratic, or solve two linear equations for x M1
Obtain critical values -2 and —A— Al
State final answer —E{x{—!i Al
(R: Oblain critical value x = -2 [rom a graphical method, or by inspection, or by solving a
linear
equation or inequality Bl
Obtain critical value x = similarly B2
State final answer —2<x <4 Bl
(Do not condone < for <] 970013210/N/15
Question 76:
Using the substitution # = 3%, solve the equation 3* + 3% = 3% giving your answer correct (o
3 significant figures, [5]
Answer:
State or imply 144 =u" Bl
Solve for u Ml
Obtain rool %{I - ﬁ}_ or decimal in [1.61, 1.62] Al
Use correct method for linding x from a positive root M1
(_\)blﬂlln X = ﬂ.43‘8 Hnl.l oy Ulht:l’ ANSWET .I".I g?voglaz’O!N“s
Question 77:
(i) Solve the equation 2|x — 1| = 3|x|. [3]
(ii) Hence solve the equation 2|5* — 1| = 3|5"|, giving your answer correct to 3 significant figures.
[2]
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Answers:
(i) EITHER: State or imply non-modular equation (2(x —1))*> =(3x)*, or pair of linear equations
Ax—1)=43x

Make reasonable solution attempt at a 3-term quadratic, or solve two linear equations
Oblain answers x =-2andx=42

(R: Obtain answer x = —2 by inspection or by solving a linear equation
Obtain answer x = £ similarly

x+1

(ii) Use correct method for solving an equation of the form 5° =gor 5 =a, wherea>=0

Obtain answer x = 0.569 only

9709/31/M/1J116
Question 78:
Solve the inequality 2|x — 2| > |3x + 1| [4]
Answers:
EITHER: State or imply non-modular inequality (2(x —2))* > (3x+1), or corresponding quadratic
equation, or pair of linear equations 2{x - 2)=3{3x+1) Bl
Make reasonable solution attempt at a 3-lerm quadratic, or solve two linear equations for x M1
Obtain critical values x=-5 and x=3 Al
State final answer —5<x <2 Al
OR: Obtain critical value x =-5 Itom a graphical method, or by inspection, or by solving a linear
equation or inequality (B1
Obiain critical value x = % similarly B2
State final answer —5 < x{% B1)
[Do not condone = for <] [4]
9709/33/M116
Question 79:
(i) Express x% + 6x + 2 in the form (x + a)? + b, where a and b are constants. [2]
(ii) Hence, or otherwise, find the set of values of x for which x> +6x+2>0. [2]
Answers:
(i) |'x+3}: -7 Bl1E1 Fora=3, b=-7
\ . 2
(ii) | 1L—7 seen Bl x>1or x<-7
=1, x<-7 oe Bl Allow x<-7.x21 oe
[2
O709/11/0/N/M6
Question 80:
. 3T +2 - :
Solve the equation 5 8, giving your answer correct to 3 decimal places. [3]
Answers:
Solve for3* and obtain 3* =-1?8- B1
Use correct method for solving an equation of the form 3* =a, wherea >0 M1
Obtain answer x = 0.860 3 d.p. only Al [3]
9709/31/0/N/16
Question 81:
Solve the inequality |x — 3| < 3x — 4. (4]

Answers:
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EITHER: (B1

State or imply non-modular inequality (x — 3}2 <(3x— 4)2 . or corresponding equation

Make reasonable attempt at solving a three term quadratic M1

Obtain critical value x = ??1 Al

State final answer x > % only Al)

OR1: (Bl

State the relevant crrtical inequality 3 —x <3x—4, or corresponding equation

Solve for x a1

Obtain critical value x = % Al

State final answer x > % only Al)

OR2: (Bl

Make recogmzable sketches of v= |:|r - 3| and vy =3x—4 on a single diagram

Find x-coordinate of the intersection M1

Obtain x = Al

4
State final answer x > % only Al)
Total: 4|9700/32/MIIMT

Question 82:

Using the substitution 1 = e*, solve the equation 4e™ = 3e* + 4. Give your answer correct to 3 significant
figures. [4]
Answer:

Rearrange as 3u” +4u—4=0, or 3¢ +4e* =4 =0, or equivalent El

Solve a 3-term quadratic for &* or for u Ml

Obtain " =2 or u=3 Al

Obtain answer x =—0.405 and no other Al| g700/33MIIMT

Question 82:
It is given that the variable x is such that

1.3 <80  and  |3x—1|>|3x-10|.

Find the set of possible values of x, giving your answer in the form a < x < b where the constants a
and b are correct to 3 significant figures. [7]

Answers:
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Take logarithms of both sides and apply power M1 | Condone incorrect mequality
law signs until final answer. The
first 6 marks are for obtaining
the correct cnitical values.
: In80 i : Al
Obtain 2x < i3 or equivalent using log,,
Obtamn x=835_. Al
State or imply non-modulus inequality Bl
(3x-1)" »(3x—10)" or corresponding equation
or linear equation 3x—1=—3x—-10)
Attempt solution of mequality or equation M1
{obtaining 3 terms when squaring each bracket
or solving linear equation with signs of 3x
different)
Obtain x=14 or x=1.83... Al
Conclude 1 83 < x <835 Al 9709/21/0/INM7
Question 83:
Solve the inequality |3x — 2| < |x + 5|. [4]
Answer:
Either
State or imply non-modular inequality (3x—2)* <(x+5)° or corresponding Bl
equation or pair of linear equations
Attempt solution of 3-term quadratic equation or of 2 linear equations M1
Obtam eritical values — and § Al
State answer —2 <x <+ Al
Or
Obtain critical value * from graph. inspection. equation Bl
Obtam critical value =3 simularly B2
State ans —dex<l Bl
ate answer —< <X <5 9709/22/M/)/18
Question 84:
Showing all necessary working, solve the equation 3|2* — 1| = 2*, giving your answers correct to
3 significant figures. [4]
Answers:
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EITHER: State or wngpij,f nog}-mndular equation Ml o [ 5 }3 ~18 { o } +9-0
32{2::_1] =(2")". or pair of equations ' '
32" ~1)=22"
. . Al
Obtamn 2* = % and 2* = % or equivalent
.3 Bl
Ox. Obtain 2" = 3 by solving an equation
Obtain 2" = % by solving an equation Bl
Use correct method for solving an equation of the form M1
2" mq, where =0
Obtan final answers x = 0.585 and x =— 0,415 only Al | The question requires 3 s.f
Do not ISW if they go on 1o reject one value
9709/32/M/1/18
Question 85:
Showing all necessary working, solve the equation 5% = 5% 4 5. Give your answer correct to 3 decimal
places. [5]
Answer:
State or imply u* =u+ 35, or equivalent in 5% Bl
Solve for u, or 57 Ml
. 1 : . Al
Obain root —(1++/21), or decimal in [2.79, 2.80]
Uze correct method for finding x from a positive root M1
Obtamn answer x = 0.638 and no other answer Al 9709/33/M/J/18
Question 86:
Solve the inequality |3x — 5| < 2|x|. [4]

Answers:
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Either
State or imply non-modular inequality (3x—5)° <4x’ or corresponding Bl | 5¢: Common error (3x-3 j: <2x
equation or pair of linear equations
Attempt solution of 3-term quadratic equation or solution of 2 linear M1
equations
Obtain critical values 1 and 5 Al . 154352
Critical values _T or 3.15, 1.13 allow B1
State correct answer 1<x<5 Al 5—5 5457
1> _:‘E <x<d2 ;‘C or 1.13<x<3.15 Bl
Max 2/4
Allow M1 for (7x+5)(x£5)
Or
Obtain x =35 by solving linear equation or inequality or from graplucal Bl | Allow Bl for 5 seen, maybe in an mequality
method or mspection
Obtamn x =1 simlarly B2 | Allow B2 for 1 seen, maybe in an inequahty
|Stam correct answer 1<x <5 | Bl | |
9709/22/0/N/18

Question 87:
Find the set of values of x satisfying the inequality 2|2x — a| < |x + 3a/|, where a is a positive constant. [4]

Answers:
EITHER: State or imply non-modular inequality Bl
2? (2x-a ]! <{x+3a ]! . o1 corresponding quadratic equation, or pair of

linear equations
Wy =gl =+ (x+ 3a)

Malke reasonable attempt at solving a 3-term quadratic, or solve two linear M1
equations for x
L 5 Al
Obtain critical values x = % a and x= —%a
1 5 Al
State final answer —Ea <X {Ea
. 5 . Bl
OR Obtamn critical value x = Efr from a graphical method. or by inspection. or
by solving a hnear equation or an inequality
S 1 . B2
Obtain critical value x =—=g smlarly
>
Bl

1 5
State final answer ——a <y <=4
5

[Do not condone < for < in the final angwer ]

9709/31/0/N/18
Question 88:
X X

¥ = 4, giving your answer correct to

2 decimal places. [4]

Showing all necessary working, solve the equation

Answer:
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Rearrange the equation in the form ae™ =b or ae* =be™ M1
Obtain correct equation in either form witha=2 and b= 35 Al
Use correct method to solve for x M1
Obtain answer x = 0.46 Al
4
9709/31/0/N/18
Question 89:
(i) Solve the inequality |3x — 5| < |x + 3. [4]
(ii) Hence find the greatest integer n satisfying the inequality |3”""" - 5| < |3”"" + 3. 121
Answers:
@ State or imply non-modular inequality (3x—35)° <(x+3)* or Bl | SC: Allow B1 for x <4 from only one linear inequality

corresponding equation or pair of different linear equations/inequalities

Attempt solution of 3-term quadratic equation/inequality or of two M1 | For M1. must get as far as 2 critical values
chiferent linear equations/inequalities

Obtamn critical values J_- and 4 Al
State answer 1 <x <4 or equivalent Al | If given as 2 separate statements, condone onussion of “and’
3 or ~ but penalise inclusion of “or” or v
{11) Attermnpt to find # (not necessarily an integer so far) from M1 | 0/2 for trial and improvement
3" - or < their positive upper value from part (i) or
30l _ or =3 x their positive upper value from part (i)
Conclude 12 Al
9709/21/M/1/19
Question 90:
(i) Solve the equation |4 + 2x| = |3 — 5x|. 3]
(ii) Hence solve the equation |4 +2e¥] = |3 - Se¥|, giving the answer correct to 3 significant figures. [2]
Answers:
W State or imply non-modular equation (4+ 2x)° =(3—5x)" or pair Bl
of linear equations
Attempt solution of 3-term quadratic eqn or pair of linear equations M1
m -1 1 Al : .
Obtain =3, 3 SCBI1 for x= —% from one linear equation
3
1 empt correct process to solve e = & where & > om (i
(i) Attempt tp to solve ¢” =k where k>0 fr M1
Obtain 0.282 and no others Al

9709/22/M/1/19
Question 91:
Showing all necessary working, solve the equation 9* = 3* + 12. Give your answer correct to 2 decimal
places. 4]

Answer:
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State or umply #” =2 —12(=0) , or equivalent in 3* Bl | \eed to be convinced they know 3~ = (3" ]:

Solve for i, or for 3* . and obtain root 4 Bl

Need to see evidence of method. Do not penalise an attempt
to use the negative root as well.
egxln3=na x=loga

Use a correct method to solve an equation of the form 3" = a Ml
where a =0

If seen. accept solution of straight forward cases such as 3 =
3, x=1 without working

Obtain final answer x = 1.26 only Al | The Q asks for 2 dp
9709/32/M/1/19
Question 92:
(i) Solve the inequality |2x — 7| < |2x—9|. [3]
(ii) Hence find the largest integer n satisfying the inequality |2Inn—7| < |2Inn-9|. [2]
Answer:
) State or imply nen-modular inequality (2x—7)* < (2x—9)* or corresponding
equation or linear equation (with signs of 2x different)
Obtain critical value 4
State x < 4 only
(11) Attempt to find » from lnn = their cnitical value from part (i)
Obtain or imply n<e® and hence 54 9709/21/0/N/19
Question 93:
(i) Solve the equation |dx + 5| = |x = 7|. [3]
(i) Hence, using logarithms, solve the equation |2¥" + 5| = |2¥ — 7|, giving the answer correct to
3 significant figures. [2]
Answer:
0] State or imply non-modular equation (4x+5)* =(x—7)* or pair of Bl
different linear equations
Attempt solution of 3-term quadratic equation or pair of linear M1
equations
Obtain £ and -4 Al | 8CFor x=—4only, from correct work, allow Bl
(1) Apply loganithms and use power law for 27 = & where k>0 Ml
from (i)
Obtain —1.32 only Al | AWRT
9709/22/0/N/19

Question 94:
Solve the inequality |2x — 3| > 4|x + 1]. [4]

Answer:
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State or mmply non-modular mequality Bl | 124 s 44y 470
(2x- 3}1 >4 {x+1)". or corresponding quadratic equation, or pair of linear equations
(2x=3)=24{x+1)
Make reasonable attempt at solving a 3-term quadratic, or solve two linear equations M1 | Correct method seen, or implied by correct
for x answers
Obtain critical values x = —% and x = —% Al
Al
State final answer —% <X <—%
Alternative method for question 2
L 7 . . . . Bl
Obtain eritical value x = - from a graphical method, or by inspection, or by solving a
hinear equation or an inequality
B2
Obtain critical value x = —é simularly
Bl
State final answer I <x< L
2 6
9709/31/0/N/19
Question 95:
Solve the inequality 2|x + 2| = |3x — 1. [4]
Answer:
State or imply non-medular inequality | x + 2'}] >(3x -1 ]IE . or corresponding
quadratic equation, or pair of linear equations 2(x + 2) == (3x - 1)
Make reasonable attempt at solving a 3-term quadratic. or solve two linear equations
forx
Obtain eritical values ¥ = --g- andx=35
. 3
State final answer —— < x <5
5
Alternative method for question 1
Obtain entical value x = 5 from a graphical method, or by inspection, or by solving
a linear equation or an inequality
. " EE
Obtain critical value x = s sinularly
' 3 -
State final answer —T<x<S
- 9709/33/0/N/19
Question 96:
(i) On the axes below, sketch the graph of vy = |11t:3 — 9;:—5| showing the coordinates of the points
where the graph meets the axes. [4]
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A
0 "
(ii) Find the values of & for which |Jlx"r Qx—5 | =k has exactly 2 solutions. 3]
Answer:
4(1) ' B4 | B1 for shape, with max in first quadrant
B1 for (-0.5.0) and (5.,0)
B1 for (0.5)
B1 all correct, with cusps and correct
curvature for x<0.5 and x >3
4(11) k=0 B1 | Mot from incorrect work
Stationary point when M1 | For attempt to find y-coordinate of
121 e stationary point, must be a complete
_}-'=:? or £15.125 method ie.
Use of calculus
Use of discriminant,
Use of completing the square
Use of symmetry
Allow if seen in part (1), but must be used
1n (11)
b 121 Al | cao
4037/12/0/N/19
Question 97:
(a) On the axes below, sketch the graph of y =|2x+ 5| and the graph of y=|2 — x|, stating the
coordinates of the points where each graph meets the coordinate axes. [4]
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s
| 0 =
10 10 -
(b) Solve |2x+5|<|2-x]| [3]
Answers:
(a) Correct shape for both graphs B2 | Bl for either
Must touch the x-axis 1n the correct quadrant
Correct y-intercept for both graphs B2 | Bl foreithery=2, y=5orx=2, x=-250r
and y=2 x==25
Correct x-mtercept for both graphs
() 2x+5=H2-x) oe M1 | For attempt to obtam 2 solutions; must be a
or complete method
(2x+5y=2-x)
Eaf ¥e=] Al
Texr<-1 Al | FT thetr values of x

4037/01/SP/20
Question 98:

(a) On the axes below, sketch the graph of y = %{x — 2)(x — 4)(x + 3), showing the coordinates of

the points where the graph meets the coordinate axes.
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¥
A
-
0 x
[2]
(b) Explain why vour sketch in part (a) can be used to solve (x-2)x—4)(x+5) < 0. [1]
(¢) Hencesolve (x-2)(x—-4)x+35)<0. [1]
Answers:
(a) x 2 | Bl for shape

\/

4 ¥

/—5 0

B1 for intercepts on coordinate axes

(b) Valid explanation, e.g. multiplying throughout by 5 does not change x values because 1
the x-axis i invanant.

(©) ¥g-5 1 | FT their graph
2eExad

4037/02/SP/20




