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Class 12 - Applied Mathematice - Chapter 1 A

Chapter | 6 @
—Numbers, Quantification and )

“Nuwmerical Applications S

CB i ics . i it1-CB

B Chapter MaAp (k = asked often in CBSE papers 2024-2026)

Modulo arithmetic %% Alligation, mixture Y%

— mod, congruence, clocks, units digit mean price, repeated replacement —

- Nuwmerical Applications —

- Boats, pipes, races %% Partnership, scheduling % N
relative speed, work rates, starts capifal x fime; FCFS, SJF
. . . AA"
seq
1-Conceptnotes with formutas and worked examptes (p. 2-5) red =Key term green = definition

B pport material exercises (all 60 e = sub-headina black = explanation

3. CBSE PYQs 2024-2026, fully solved (p. 10-11)

= high-frequency board topic

4. Quick-reference sheet (p. 9); practice A-G, 20 MCQs, 6 A-R, @ - moark the examiner gives for that point

answers, summary (p. 12-15) . ,
% Exam tip: Every board paper has 3-4 questions here worth

8-10 marks: a clock or mod MCQ, a units-digit or mod question,

one mixture/boat/race problem and a 5-mark pipes-and- —_
cisterns problem. Write the rate per hour first, then the

equation.

answer key is wrong, the correct answer is given with a note. Board questions are quoted from the CBSE papers named in each tag.
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1.l Modulo arithmetic; 1.2 congruence modulo %%

wjwy

! For infegers a andm > 0, @ mod 7 is the remainder 7 when
—!' aisdividedby n:a = ng +rwith0 < r < n.Eq
| ! 25mod 7 = 4since 25 =7 x 3 + 4.

| Negative numbers: the remainder must still be non-neqgative

— a is congruent fo b modulo n, written @ = b (mod n),ifn

_! divides @ — b; i.e. a and b leave the same remainder on division

by n.E.g. 38 = 14 (mod 12) since 12 | 24.

Properties (fora = b,c = d (mod n)):

—41 mod 9: —41 = 9 X (—5) + 4, so the answer is 4 (not

1. reflexive @ = a; symmetrica = b = b = a; transitive

Rules (all results taken wmod n)

—5). a=bb=c=a=g¢
o} ] =5 | =1 P — 1d { A | \
< W T U —U T W W C — U w, Ut — UW \LJ.LU\J. Ib}y

3.a* = b* (mod n) for every positive integer k;

operation | rule example (mod
7
| addition (a+b) mod n = (17 4 13) mod
— [(@ mod n) + 7T=(3+
| (b mod n)] mod n 6) mod 7 =2
|| subtraction | (@ —b) mod n = (11 — 3) mod
[(a mod n) — 7=1

b mod n)] mod n

(
multiplication | (ab) mod n = (16 x 29) mod
[

. (a mod n)(b mod T=02x1)=2
n)] mod n

B powers a® mod n = 9% mod 7 =

— (e mod n)* modn | 22° mod 7

b.a=b (mod n) <= a = b+ kn for some integer k.

Eguivalence (residue) classes

For modulo 172 there are exactly m classes [0], [1], ..., [m — 1];
rl={a€Z:a=r (mod m)} Eg mod3: [0] =
(o 3036, Lt — L 24T 2

{..,—1,2,5.8,...1} Theclasses do notoverlap

Solving z = a (mod n) in arange: list a mod n, then add

repeatedly. z = 23 (mod 7) with21 < 2 < 31:23 = 2,50

—Worked exampile

o9 an)
TE 123,307

Remainder when 226 X 369 X 122 X 461 X 1025 is divided by

—Powers: find a smatt power that 15 = 1 and use cyctes. 3° = 1
(mod 7). s03' = (36)21 .32 =9=2

* Exam tip: Board MCQs: "—41 mod 9" (answer 4), “time

| Clocks and calendars

after 1235 hours”, “number of articles left over”. Always reduce

e deelenaed Al e e e U dae e L b

week mod 1. After 1235 hours from 9 p.m.: 1275 mod 24 = 3, so

each number first, then combine. In a 3-mark question on
modular addition, show 17 +30 13 = 0as 17 + 13 = 30 =
30x1+0.

3 hours later: 12 midnight. After 200 hours from 5 a.m.: 200 =

24 <8+ 8 50 Tp.m.

Umits digit

4 (or less)For 3:3.9,3,1.7295. 205 mod 4 = 3, sounitsdigit

The units digit of a” is @* mod 10; units digits repeat in cycles of

=3J.

|| last digit cycle
R 2 2,4,8,6

3 3,911
B 1 1,931
BE 8,4,2,6
| 4/9 4,6/91
10,156 always the same
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1.3 Simple arithmetic functions; 1.9 alligation and wmixture *ﬁ o

Arithmetic functions appear in the support material (Exercise 2) but are not in

the 2026-2% CBSE syllabus List; learn them for completeness. L cheaper c dearer d
| function meaning formula (n = p'ps* - --)
| p(n) number of n(l— L) (1_ l)
— Euler's positive ” "
p)=p—1
|| totient integers < n #(p)
| coprime fo 7 Cross the differencee: cheaper : dearer = (d — m) : (m - ¢)
n 7(n) nun‘.\b'er of (a1 +1)(az +1) - Mean price of a mixture of quantities g, g2 at prices p1, po:
posifive 7(p) =2 m= p;mrzq_ (weighted average). E.g. sugar at X 25 and X 35 in
- divisors

ra’nos.z.m = "’g"’ =X2Y.
ai+1_1

| o(n) sum of I p'z_'p-q o(p)=p+1 Serme-ruke-for-percentages-gain Yconcontration % average

n p.osji’rive salaries. E.q. 18% and 28% qain qive 24% overall: 28=2¢ — 4 — 2,
divisors s0 2 : 3. Water has price 0 and concentration 0%.
— p(n) sign function | p(1) = 1; 0 if a prime is
|| Mabius on square- repeated; (—1)¥ for k distinct Rep eated rep lacement
free numbers | primes A container has z units of liquid; i units are faken out and replaced
@, T, 0, i are multiplicative: f(mn) = f(m)f(n) when by water, n times. Liquid Leﬁ:/ "
ged(m,n) = L.Foraprime p: o(p) + 7(p) = (p— 1) + T (1 — i)
Z=p+t=ofpF E.g. 50 L of juice, 5L replaced 5 times: 50(0.9)° = 29.52 L.
Eq72=23% 7 —4%3-12c—15%x13-195p =
72. % . % = 24, u(72) = 0. % Exam tip: Check: the mean price must lie between the fwo

. R prices; the ratio is “cheaper : dearer”. For "how much fo add"’
Alligation and wmixture

problems (jaggery syrup), use the concentration equation D

240+x =0.5.

directly: 00 e |

—, Alligation is the rule for finding the ratio in which fwo (or more)
ingredients at given prices must be mixed to get a mixture of a

desired price (the mean price).

Rule of alligation (cheaper price ¢, dearer price d, mean price m,
c<m<d):
quantity of cheaper _d —m

qna'nfify of dearer m —c
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1.S Boats and streams; pipes and cisterns %k o
Baat speed in still water 2 km/h, stream speed g km/h: If a pipe fils a tank in 7 hours, it fills l of the tank in 1 hour. Inlet
T effective speed pipes add, outlets (leaks) subtract:
B ituati rt flled per h
|| downstream (with the stream) x+y || sttuation pa ea per bour I
. . 1 1 _ ab_
|| upstream (against the stream) T—y | | Afilsinah. 8inbh, together o T pifime =i
b A fils in a h, C emptiesin c h ( i_1
If downstream speed = a and upstream = b: boat = %2, stream a ¢
b c>a) —
=5

S
|

apipe fils in @ h but with aleak in | leak empties in L:

4 up: X -y th T=1
down: x +y
_> Pipes opened at different times: work in staqes and add the parts

done. In the CBSE 2024 cistern problem (A3 h, B 4 h, C empties in 1
h; Opened atd, 6, T a.m.), The Tank Is % Tull at T a.m. and then
empties gt S ner hour: emptv after 11 h at9:12 a.m

g 12T b R A 5 T =

streamy —

The stream helps one way and hinderc the other
A pipe closed after ¢ minutes: (part by the pipe that ran

Round trip of distance d each way in Total fime 1% vﬁry + chfy - ’rhroughou+) + (part by the other in t) = 1. E.g. A 24 min, 8 32 min,

. D S N < es: A .
km/h:Tl+b__12:>6b2_35b 6:0:>b:6 CA—|—Careknown subtract A= (A+ B+ C)— (B +

km/h. C) et.
d
Same Time, drﬁerenT distances: —— — ——. lakes Thrice as Long
x+y z—Yy
ups: +rpnm means-x _l_ y—(p fu)

i g ot Y

Ain
~ oo N

| % Exam tip: Convert minutes fo hours first: 1h 12 min = ¢ Bin

| h4htemin= 2 h50min=3h Cout
——

Net rate = cum of inlet rates — outlet rates
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1.6 Races and games; partnership; scheduling %

Not in the 2026-27 CBSE syllabus Llist; included because the support material

— phrase meaning
has Exercise 8.

L Abeats B by z m when A finishes the race of d m, B has run PrOCessor executes processes; a scheduting algorTthm decides The

N d—axm order
| | Abeats Bbyt s B finishes t s after A | Tterm formula

Abeats Bby z mor | B runs those z mint s: speed of B = & ) )
— __| burst time (BT) time a process needs on the CPU L

s

N | | completion time (CT) time at which it finishes

A gives B a start of | B starts x m ahead; B runs d — x while A
zm runs d | turnaround time TAT = CT - AT (arrival time)
|| dead heat both reach the finishing post together | waiting fime WT = TAT - BT = CT - AT - BT

idle time CPU has nothing to run

In the same time, distances are proportional to speeds: ‘—;‘; = %ﬁ-

Example: A beats B by 300 m and B beats C by 200 mina1000m  FCFS (first come, first served): processes run in order of arrival.
race. When A runs 1000, B runs 300, and C runs 700 x 3% — SJF (shortest job first, non-pre-emptive): when the CPU is free, the

1000 ) )
!“;UHBCQ‘SCByqum art EdF 6€ess “k b &5 EULES hﬂ 5 e-FeRS-Hext—Sd 9 es

the minimum average waiting time but long jobs may starve.

ampie(CB 024): P beats Q by 18- mor 9sin - eed
m/s: Q takes 500 s: P takes 500 — 9 = 491 s. Example: P1 (AT 0,BT 2),P2 (1,3),P3 (5, 3), P4 (6, 4), SJF: Gantt
. P10-2, P2 2-5,P35-8, P4 8-12. TAT 2,4, 3, 6 (avg 3.15); WT 0,1, 0,
Partver Sh'.p 2-Levg-0-35)

Profit (or loss) is divided in the ratio of capital x time ("equivalent

P1 P2 P3 PY

capital for 1 month"):

A’s profit : B’s profit = Cst4 : Cptp o e ° 8 22

Simple partnership: same period, ratio o1 capitats. Compoun RATAPIE
nershin: dif . . ials: ital

months for each stage. A working partner first takes a salary (or 2o CRLD A28 107 GRIARY GAIZ3 GBI 27 U TC8 e e

commission); the rest is shared in the capital ratio. —> what o find — formula in words — substitution — answer |

with units. Examiners give a mark for the setting-up equation

Shared rent 1s split by months of occupancy per period: Tf 3 share o o
' even if arithmetic slips.

|__for 4 manths, 2 for 5 months and 1 for 3 months, each months rent | J

is divided among those present that month.
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CBSE support material exercises, fully solved v
Ex 4.4 Find the sum-of 132 and 121.mod 23 Ans. p(90) =90-1-2.24—24,7(42):42=2-3-7,
|| Ams. 132 +121 = 253 = 23 x 11 + 0,50 (132 + 2x2x2=80(72):72=23", (1+2+4+
121) mod 23 — 0. ST F3F9) =195 u(70): 70 =2-5 -7, (=1)° =

_1
Sum = 24 + 8 + 195 — 1 = 226.
Ex 2.4 Verify whether (p) + 7(p) = o(p) holds for p = 24.

—Ext3fmdwgvenrr =23«mod Frod 2t <=3t 2, 91 = 2% . 3. p(24) =24-5-2=87(24) =

| Avs. 23 =T7TXx3+ 2 s0x=2 (mod T): 2 = _

L 2, 9: 16,23,30,...n21 < z < 3L:z = 23 or 30. (The the relation does not hold for 24: it holds only for primes (p —
book's key gives only 30; 23 also satisfies the condition.) 1+2=p+1).

Ex 1.4 Find the remainder when 226 x 369 x 122 x 461 X
1025 is divided by 8

Ex1.2Find 7 (mod 3).

a =3 4 / 1 o)\ =0 16 4/ 10\
ayns. (=1 {Imod 9),50 7" = 1" =1 (Imod 9).

L
2

Ex 2.5 For prime p, ¢(p) + 7(p) = o(p). Complete the table for
p=12,3,5,7, 1L

|| Awns. Remainders mod 8: 226 — 2,369 — 1,122 — 2, | Ans
461 — 5,1025 — 1.Product2 x 1 x 2 x 5 x 1 =
| 20 = 4 (mod 8). Remainder G. AP |p=p-1 T=2,°R 9! check
—— xSttt (16 29y tmod ) 2| 2 3 Syes  ——
|| Ans. 16 =229 =1 (mnd7)'(1ﬁ 20) =2 x 1= | [ 3 2 2 4 4 yes L
2 (mod 7). 5 |y 2 6 6 yes
Ex161f z (mod 9) = 2, find all possible z with 0 < z < 47. 3 | 2 3 8 yes
Ans. © = 9k + 2: 2,11, 20, 29, 38 (47 is excluded). (The n 10 2 2 12 yes

Il P .Y [ 1 I FRaY Az \
Key Oomris £, Wwnicimatso ties mu L = XBY)

Ex 2.6 If n = 2p with p an odd prime less than 14, (i) tabulate
o(n), 7(n),o(n); (i) verify n + ¢(n) + 7(n) = o(n).

equivalence class 4 for modulo 6.
Ans. [4] = {6k + 4}: 4,10, 16,22, 28, 34, 40, 46.

Ex 1.8 What time will it be after 200 hours, if the present time is [P " ¥ T g ntetT
5:00a.m.? — 3 b 2 4 12 12 _—
L Ans 200 —24 x 8L 8,50200 =8 (mod 24).Sam.+ |5 10 4 4 18 18
8h = 1:00 p.m. S T TR b4 |2y
Ex 1.9 There are 81 boxes with 21 articles each. If the articles are K7 22 0 y 3% 3%

rearranged with 5 in each box, how many are left without a box?
L » 3 26 12 4 42 42

|| 1701 =5 x 340 + 1). 1article is left Ingeneral 2p + (p — 1) +4 = 3p + 3 = o(n): verified
Ex 1.10 Find 328 mod 7. Ex 2. Show that 7(n) and o(n) are multiplicative for n = 24.
Ans.31 =3, 32 =2 35 =6, 30 =1 (mod 7). Ans. 24 = 3 x 8withged(3,8) = 1.7(24) = 8 and
128 =6x21+25%3F = () - =1.9=2 T(3)T(8) =2 X 4= 8.0(24) = 60and o (3)a(8) =
| (med 7). 4 x 15 = 60_Hence £(24) = £(3)£(8) for both
. . . . ; igati ixture)
Ex 31 In what ratio must rice at T £9/ka be mixed with rice at
EX 2-TFind ((35)- HeRe By
|| A 35— 5« 7 0(35) — o(B)a(T) — 4 % 6— 24 100/Kkg so that the mixture is worth X 80/kg?

Ans. Cheaper : dearer = (100 — 80) : (80 — 69) = 20 :

Ex 2 2 Find pu(75) + 11(85) T

Ans. 75 = 3 x 57 (a repeated prime): p(75) = 0.85 =
5 x 17 (two distinct primes): p(85) = (—1)? = 1. Sum =
| 1.
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Ex 3.2 The average salary of all staff (supervisors and labourers) is  Ex 4.3 A boat goes 8 km upstream and returns; the total fim R
X'5,750; that of a supervisor X 20,000 and of a tabourer X 5,000 16 min. 1T The current 15 1 km/h find The actuat speed of the boat.

_ 64 __ 64 166 __
Find the number of labourers if there are 4 supg[y sors. _A_mc 4h16 min — h —=_ 1 -+ b+1 == S —

Ans. Let there be n labourers: 4 x 20000 + 5000n = 8 = 4b? — 15b — 4 = 0 = (4b+1)(b—4) = 0.
5750(n + 4) = 80000 + 5000n = 5750n + b= 4km/h.
23000 ="r50mr="57000 =TT =% Ex 4.4 A man rows at T km/h in still water; the stream flows at 5

(56750 — 5000) = 14250 : 750 =19 : 1,5019 x 4 =

the place?

76.) Ans. Downstream 12 km/h, upstream 2 km/h: % + g =

Ex 3.3 A container has 10 L of orange squash; 1L is taken out and 7T = % =7=d=12km.

—_capLaced_by_uaiatraud_tblSJs.dm_thm_Hw_mucbsquash Islefi? Ex 4.5 A boat covers 32 km upstream and 36 km downstream in ¥

Ans. squaSh left = 70 ( ) =70 X (0 9)3 — hours, and 40 km urr‘.c‘l'rpnm and 48 km downstream in 9 hours. Find
70 x 0.729 = 51.03 L. the speeds of the boat and the stream.

Ex 3.4 Pulses at X 55/kg and X 90/kg are mixed in the ratio 2: 3. Ans. Let % = a (upstream), é = b (downstream): 32a +

Find the price of the mixture per kg. 360 = 7,40a F 480 = 9. x4 and X3: 128a + 144 =

|| Ans = 20000 HO2T — 276 per kg 28,1200+ 144b =27 =80 =1 o = L then 36h = 3

Ex 3.5 A shop szzpa:hq s 1 quintal, of wheat: he sells part at 18% gain b = 3. Upstream 8 km/h, downstream 12 km/h: boat = 10

and the rest at 28% qain, gaining 24% overall. Find the quantity sold km/h, stream = 2 km/h.

at each rate. Ex 4.6 A man rows at 7% km/h in still water; the river flows at 1.5
| 118 —4.6-2:3.1 quintal = 100 kg: at 18%: 2 x Ans. Downstream 9, upstream 6 km/h: § + § = 2 = 3 =
100 = 40 kg; at 28%: 60 kg. (The book's key prints 400 kq and % = d = 3 km.
600 kg, which would total 10 quintals; 40 kg and 60 kg is Ex 4.F Speeds of a motor boat and the current are in ratio 36 : 5.
L correct) The boat goes downstream tn 5 10 min. How tong witt 1t take 1o
| Fx34600qofjaggery syrup has 40% jaggery How much jaggery  come back?
should be added to make it 50%? Ans. Downstream 41k, upstream 31k. Time is inversely
Ans. Jaggery = 40% of 600 = 240 g. Adding z g: proportional fo speed: % X % = 4—61 h= 6% h = 6 h 50 min.
I | 24042 1 4 _ - . . . o
G0tz 2 2oV T A =000 FT == 12Ug Exercise S (pipes and cisterns)

ExS:3 frrwtt Tatfo most water be wded to fomey costing < 240 Per—¢, 5 4 bioe A fils a fank in 30 hand B in 45 h. How long will both

litre so that the syrup is worth X 200 per litre? N
Ans. Water costs X 0. Water : honey = (240 — 200) : e Loy L B2 L e
| (200 —0) =40:200 =1: 5. SN
ExS2A pipe fills a cistern in 6 h; with a leak it takes 9 h. How I_Qng
will the leak take to empty the full tank?

Ans_l_l:lél:l—l:L:/lShourS.

Ex 3.8 A container has 50 L of juice; 5L is taken out and replaced by

— —water,and this is repeated 4 more times Find the juice left.
; L Ju f

|| Ans. 5operationsin all: 50(1 — 0.1)° = 50 x 6 L9 L6
0.59049 — 29.52 L Ex 5.3 Pipes A and B fil a cistern in 4 h and 6 h; pipe C empties it in
8-ht-ali-are-opened-togetherwherrwitt-it-be-fitted?

Exercise 4 (boats and streams) Ans 1yl 1o 83 Ty, My 3pos3

Ex 4.1Find the speed of the boat if it moves downstream at 16 km/h min (% 3 h 26 min).

and upstream at 10 km/h. Ex 5.4 A cistern fills in 8 h, but because of a leak it takes 2 hours
| AWS. Boat = Rz 10— more. How tong will the teak Take To empty the Tull cistern?

1 _ 1 _ 1.

L km/h) _Ans = % T % 5 40 hours.

Ex 4.2 A boat's still-water speed is 14 km/h; downstream it moves at Ex 5.5 An inlet fils a cistern in 20 h and an outlet empties itin 25 h

24 km/h. Find its speed against the stream. Both are opened; after 10 h the outlet is closed. Find the total time
[ | Ans. Stream = 24 — 14 = 10 km/h; upstream = 14 — to fill.
———10—2km/ % %) 100 — 10°

bv the inlet: —U X 20 = 18 h. Total = 28 hours
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Ex 5.6 Pipes A and B fill a tank in 24 and 32 minutes. Both are Ex .3 Priya invested X 40,000; after 4 months Rekha inves gy
opened; atfer how tong shoutd B be closed 5o that The fank 15 Tull n 50,000 Find Rekha s share of a yearty profit of X 2,20,000.
18 minutes? _Ans. 40000 12 - 50000 { — 480000 - 400000 =
- Ans. A runs 18 min: ;Z e B must do 32 = [—1 =t=38 6 : 5. Rekha = % x 220000 = % 1,00,000.
minutes. Ex #.4 Profits of A, B, C are in ratio 6 : F : 8 and their investment
Ex 5.1 Taps A, B, C together drain a tank in 1% min; B .and C periods 2 : 3 : 4. Find the investment ratio.
A a a 4 A :
togetherin2-min;-Aand-€-in-235-minHowtong witt-A-and B
together take? 6.
i e _2 _ 1
L Ans. Rates per minute: A + B + C' = 3B+ C=3 Ex .5 A and B invest X 30,000 and X 60,000. From a yearly profit of
TO — I S _ 1o
A+C; 7A;§_§*56'B*§_3_*3_ A+ % 18,000, Age+s?850005h|sproﬁ1'shqrepLussuLaryfor
B=—gp gy = fime=—y min managing. Find A s salary.

——Exertrse—ts—érates—and—games)—

S + 18000=5 — 8500 = 35 + 18000 — S =

EX 6.7Th a 1000 m race A defeats B by 300 m and B defeats C by 95500 = S — % 3 750
il A defeqt C?
—200.mBy how much will A defeq CTheck: 3750 F =224 ="3750 F 4750 = 8500, (The book s
Ans. A 1000 : B 100; B 1000 : C 800, so C runs 700 x 0.8 = ey gives % 2,500 wh'rh gives A only T 3 64667 )

560 when A finishes. A beats C by 440 m. ) .
Ex %.6 Prakash, Sachin and Anil invested X 11, 16.5 and 8.25 lakh; the

Ex 6.2 In 21000 m race A gives B a start of 100 m and C a start of 3-year profit is Z 19.5 Lakh. Find 50% of Anil's share.

2807 How muctrstartcam 8 give €? Ans. Ratio 11:16.5:8.25 = 4: 6 : 3 (x57). Anil =
|| Aws. A1000: B 900 : C 320. When B runs 1000, C runs 720 x 3 19-5 45 takh-50%—%-9-25 takt

— " 5 o —

% = 800. B can give C 200 m. .13 )
_Ex 6.31na500 m race A defeats B by 60 m or 12 5. Find A's fime. All three stayed 4 months, then Ritik left; after 5 more months
Ans. Bruns 60 min12s:5m/s; B's time = =100s; As Priyesh Left. How much should each pay?
[ I s 100 19 — QQ o
e A UY rE U —Ans. Monthly rentT = *"1”2’ = 1152, First 4 months shared
6 a—o0-m-race ghves-B-a g 2 oU-m-angd-deteq RA-D _M%Mbmmw%:—
50s. IfA's speed is 4.5 m/s, find B's speed. 2880 each; last 3 months Nikhil alone: 3456.
Ans. A's time = i—(_)f()J = 2005s.Bruns 900 — 150 = 750 m Ritik X 1,536; Priyesh 1536 + 2880 = X 4,416; Nikhil
I | in200 F 50 = 250 s: 3 m/s. 153628803456 =X ¥.8F2(totat13;:824):
far must the qoql, be so that they ﬁmsh together? 55,000. The year's profit is ? 22,000. Find the approximate
Aps. m —3=d=3d-120=d = 60m. difference between their shares.

Ans. 38000 x 12 : 55000 X 7 = 456 : 385 (fofal 841).

Ex 6.6 A team played 40 games and lost 16. What percent did it win? 456
Ans. Won = 24; j—g x 100 = 60%. 841 ’
Difference & X 1,85%.

Ex 6. In a 200 m race Prateek beats Samarth by 35 m or % s. How

Long did Preteck toke? Exercise 8 (scheduling)

| Ans. Samarth: 35min 1 s, 5 m/s; his time = 40 s; Prateek Ex 81 Which is false about SJF? S1: it causes minimum average
=40 -7=33s. waiting time; S2: it can cause starvation. A) only S1 ®) only S2
Exercise 7 (partnership) (C) both (D) neither
—Ams—Bothrstatementsare true; somerther s fatse (D)

Ex 7.1 B contributes ;—) of the capital and A as much as B and C

Yogefher. Find he rafio of capitals. Ex-8:2-State-the-retattonship-betweenarrivatburstcomptetionrand———
| s A= of thetotab-tA—B+C and-A-+B-C=4)- ¢ —waiting fime.

1 Ans. Waiting fime = completion fime — arrival time — burst

L 17,177%:%.A:B:C:%:5:%23:2:1.
Ex 1.2 Rahul got X 5,000 of a total profit of X 9,000. Ramesh

invested X 3,000 for 6 months; Rahul invested for the whole year.
Find Rahut s TAvestment.

time (WT = TAT - BT, TAT = CT - AT).
Ex 8.3 P1-PG arrive at 0 with burst fimes 20, 5, 8, 44. Find the

averaae waiting time l'\\,l ECES

Ans. Ramesh's share — 4000 30(10;;6 _ % 1?320 _ ﬁsns Order P1., P2, P3, P4: waits 0, 20, 25, 33. Average =
% =z = 1,875. 7 = 19.5 units.
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Ex 8.4 Arrival 0 for all; burst times P120, P25, P3 9, P4 4. Average Quick-reference sheet gy
warting time by SJF? TPl formula | rale
|| Awns. Qrder P4 (4) P2(5) P3(9) P1(20): waits 0, 4 9 18
Average = 34_1 — 775 units. a mod n remainder 7, 0 < r < n,ina=nq+r
Ex 8.5 P1-PY arrive at 1, 2, 3, 4 with bursts 3,4, 2, 4. (a) Whenareal. | ¢ = b n|(a—b)
executed? (b) Average turnaround time by non-pre-emptive FCFS. (mod n)
- . , ‘ - e clocks hours mod 24 (or 12); days mod —_—
|| (B)TAT=3,6,7,10: average &* = 6.5 units (average L _ 6.5 units units digit of Tk cycle 1,9, 3,1 (use k mod 4) I
g 0424546
waiting = == = 3.25). alligation cheaper : dearer = (d —m) : (m — c)
Ex 8.6 P1-PY arrive at 0, 1, 5, 6 with bursts 2, 3, 3, 4. (a) When are dll replacement z(l— %)n
executed? (b) Average waiting and turnaround Time by non-pre- bot 4 i boat b st
) oats own  + Y, up  — y; boat 42, stream
| emptive SJF wb 2 |
Ans. P10-2, P2 2-5, P3 5-8, P4 8-12. (a) 12 units. (b) TAT 2
L ) 1 i -
2,4, 3, 6: average 3.15; WT 0, 1, 0, 2: average 0.15 units. pipes rate ;- per hour; outlets negative
races same time: distance o speed; "by x mor ¢ "

N U x
gives loser s speed 7 |

partnership profit o capital x time; salary first

scheduling TAT = CT - AT; WT = TAT - BT

e

N\
Case study (prac’rice): "The water park'. A water park has apool  |———
filed by pipe A in 6 h and pipe B in 9 h, and drained by outlet C in
12 h. On Monday A and B were opened at 6 a.m., and C was

opened by mistake at T a.m.
(i) What part of the pool was filled by T a.m.? (ii) What is the net |—
filing rate after ¥ a.m.? (iii) At what fime will the pool be full?
(iv) If instead only A and C are open, how Long will it take to fil

th L? —
N e pool )

% Exam tip: Write the rafes as fractions of the tank per

hour and keep them as fractions until the end; decimals cause

rounding slips. ———
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CBSE board gquestions 2029-2026, fully solved

wjwy

Every question on this chapter from the CBSE Applied Mathematics (241) board papers of 2024, 2025 and 2026 (paper 465), quoted with complete solutions. "(OR)"

items are the infernal choice of the question above them.

A. MCQs and Assertion—Reason (I mark

CBSE 2025 - 465 A runs % fimes as fast as B. If A gives

each)

B a start of 40 m, how far must the winning post be so that

| CBSE 2024 - 465 _In a1km race, player P beats player Q

Aand B reach it at the same time?

by 18 metres or 9 seconds. What is P's time to complete the

and B runs d — 40: distances are in the ratio of

race? (A) 512 s (B) 502 s (C) 491s (D) 481 s ]

speeds:

Ans. Qcovers 18 min9s, so Qs speed = 2m/sand
1000

~ 11 [ FaVal

s =3=2d=3d—120 = d = 120 m.

_ o0 1 Fal |0 | aVal
W Tare o = o005, Pnishes & seartier-o00—
Q9 — s

5
9

CBSE 2026 - 465 A man goes 12 km downstream and

I— Je -

— CBSE 2024 - 96S .
the present fime is 9:00 p.m.? (A) 1 p.m. (B) 12 p.m. (€)1

comes back, rowing non-stop, in a total of 3 hours. If the
stream flows at 3 km nd his spee in stil water.

p.m. (D) 9a.m. [

12 o
Wteﬁhrsp‘eeaoeuxm/n u+3-1— =3 =

Ans. Working in mod 24: 1275 = 24 x 53 + 3, so

24u =3 = “2 St o W o W (” 9)(“
u2—9

| 1275 = 3 (mod 24).9p.m. + 3 hours = 12

1) =0
u = 9 km/h.

| midnignt (printed as 12 p.m.). (B)

—4Tmod 91is: (A)5(B)T(C)3 M)
o

| CBSE 2025 - 46S

C. Short an <ngQ_mad(<)

Va
AV

| | —41 mod 9 = 4. (B)

CBSE 2024 - 465 —f-containerhas-50-titresof juice5———

is repeated 4 more fimes. Find the quantity of juice after

| B. Very short answer (2 marks)

the final replacement. [Use (0.9)° = 0.59049] 31

Ans. Each operation leaves (1 — i) = 0.9 of the

— [ CBSE 2025 - 465 —Typetsugurcosts X 25 perkgund——— Juice. Affer 5 operations: juice = 50 X (0.9)° =
—%MMMMMW

the price per kg of the mixture.

3x25+2x35
342

Ans. Mean price = = 75;70 = %29 per

CBSE 2025 - 465 —Fimttheunitsdigt-m 72 ————3F——

kg.

A Inits diai : £3.21 272 g

73— 3. 7% — 1. then repeat (cycle of 4)

CBSE 2025 - 465 (OR) Pipe A can fil a tank in 1 hour and

295 = 4 x 73 + 3, s0 7?9 has the same units digit

pipe B in 1 hours. If both are opened in the empty tank,

as 73 = 343.

how much time witl they take o il 77 t2]

Units digit = 3

—————— —Ans—Part-fited - e
. V] PCI IIUUI.I'\— 1, D - 3 IUHUIIICI —

CBSE 2026 - 465 (i) Apply addition modulo to 13 and 13

3 Time— 2 h— 36 minutes
3 |5)

for moduto 30. (ii) Find subtraction moduto 8 for TTand 3.

| (BSE 2025 - 465 —Aboat goes 3.5 kmupstreamand — Ape (17 +13—30—30F—+0s— L

returns, taking 1h 12 min in all. If the current is 1 km/h,

17 +t.-13 —20
—36

find the speed of the boat in still water. [2]

(i)11—3=8=8x1+4+0,5011 -3 =0.

Ans. Let the speed be b km/h. Total fime 5%51 +

— 35 — 12
b+1 — 10
LE-4VIDTN = - = 2 = Pi)
Ul';z'_Iv = 1.2 (0 =1.20" — 1.2 00~ —
DY-3 NI - S (Gl 4 1\(}L @\ n
b—=6km/h (':.Pppd cannot be npgnﬂ\lp)
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CBSE 2026 - 965 (OR) Pipes A, B and C together fil. a
fank in 8 hours. Affer 2 hours together, B is closed and A

and C filt the restin 9 hours. Find the Time in which B atone
(IR [3]

TG TUTTIIN

Ans. A+B + CHll 1 ner hour: in 2 haurs 1 leaving 2
[« LI 3 J a4

| A+CHil % in 9 hours: rate 39& = % per hour.

B alone: % — 1—12 = i per hour, so B fils the tank in

| 24 hours.

D. Long answer (S marks)

| CBSE 2024 - 465 A cistern has inlet pipes A and B and
outlet pipe C. A and B can fil. it separately in 3hand 4 h; C
can empty the full cisternin 1h. If A, B and C are opened

atd, 6and Ta.m. respechveLy, at what Tfime will The cistern

be-empty? [s]
| Anc WorkperhourA=18=21 C= ]
|| 5t06a.m. (Aalone): % filled.
- 6totam. (A+B): % + % = %;fofatz % + % =
— %. 1 1 4
From 1 a.m. ol three: netrate =3 + 7 — 1 = — 35

PEY hour (C”\Peri ng)

| | Timetoempty 11, 11/12 — Uy 9h12 min
PR 127 5712 5 e

The cistern will be emph/ at 912 a.m

2024)
SV EO)
— Type 2024 | 2028 | 2026 | Total
— MCQs and Assertion-Reason 2 1 0 3
|| (“mark each)
|| Very short answer (2 marks) | 0 4 1 5
|| Short answer (3 marks) 1 1 2 4
Long answer (5 marks) 1 0 0 1
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Practice set: test yourseh" Exam-style .

Try every question before looking at the answers on page 15. 64 or more out of 80 means you are ready for the board.

| A _Fill in the blanks (I mark each) B _True or false? () wmark each)

— I meds———— : 138 =14 {mod-12).
2. —17mod 6 = 2.a mod n can be negative
3. The number of equivalence classes modulo 9is 3. The mean price lies between the two prices.

______ 4. Upstream speed is more than downstream speed.

4. The units dlgﬂ' of30is_____ . 5. A leak has a neqative rate.

5. If downstream speed is 18 and upstream 12 km/h, the 6."A gives B a start of 20 m" means B starts 20 m behind.

N — km7 i T.o(p) = p — L for aprime p.

6 ‘.‘a*eF mi*ed \ "'#h milk has PFie'e x ney litre L .
: Ve P 8-SJF can cause starvation.

3. Find 5% mod ©. 4. Find the ratio To mix Tea at X 120 and X 180 tor X 160.

5. A boat goes 20 km downstream in 2 h. Find the 6. A tap fills a fank in 5 h. What part does it fill in 1 h?
downstream speed.

1. A runs 1000 m in 200 s. Find his speed. 8. Write the formula for repeated replacement.

9. Find T(‘%ﬁ) 10.What is turnaround time?

———D-Short-answer+(2-marks—each)
. < CuUc

1. F1 d The remalnder wnen 4“’" IS dIVIded Dy 5F
Find-the-units-diaitof 0123

!\J

LILLL LALARS) uu:]il [*ANNe)

3 Coffee gt X 2““[[49 and X 26()Zk9 is mixed 2 - 1 _Find the PE'ICG of the mixture

4. A boat goes 24 km downstream in 3 h and returns in 4 h. Find the speeds.

5. Pipes A and B fill a tank in 10 h and 15 h. Find the time +oge+her.

6. In.a 100 m race A beats B by 10 m. B's speed is 9 m/s. Find A's time.

1. Aand B invest X 4,000 for 6 months and X 3,000 for 12 months. Divide a profit of X 5,000.

8.Listal zwithz =3 (mod 5)and 10 < z < 30.

N Hy score (fil in after checking the answers)

Section A/8 B/8 c/10 D /16 E /18 F/20 G (bonus) Total /80
My marks
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E. Short answer Il (3 marks each) wjar

1. Find the units digit of 178 x 23%2,
2. A 60 L mixture has milk and water in rafio 2 : 1. How much water must be added to make the ratio 1: 1¢
3.3 3a| | 18' | - |- 3‘ | |- .F- ||- -||_ | | !
cnnpr{
r
4. A cistern has two inlets filing it in 12 h and 15 h and an outlet emptying it in 20 h. Al open fogether: when is it full?
5. In a1km race A beats B by 40 m and B beats C by 50 m. By how much does A beat C?
6. A, B, C start a business with X 20,000, X 30,000, X 40,000; after 6 months A doubles his capital. Divide a year's profit
of X 2%,000.

F. Long answer (S marks each)

1. Three taps A, B, C fil a fank in 6, 8 and 12 hours. A and B are opened at 8 a.m., C at 9 a.m. When will the tank be full?
2. A container has 80 L of milk. 8 L is taken out and replaced by water, 3 fimes. Find the milk left, and the ratio of milk
to water.

6. HOTS (higher-order thinking)

1. Why does the remainder in mod 72 never reach n?

2. Can the mean price of a mixfure be outside the two given prices? Why?

3. Why does the round trip in a stream always take longer than in sftill water?

—_qwmtawfﬁﬁm : simpte Tatio 1279747
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20 MCQs o
1. 58 mod 7is: 11_1n Q10 the stream's qlnped is:
(@1(0)3()2(du (a) 6 (b) 12 (c) 3 (d) 4 km/h
2. —23 mod 5His: 12. A fills a tank in 4 h, B in 12 h; together:
(@2®) —3@)3y (@3h®b)2h(c)8h(d)16h
3.(15 x 17) mod 4 is: 13. A pipe fils in 5 h; with a leak in 6 h. The leak empties the
(@1()0(c)2(d)3 tank in:
4,45 =2 (mod 7)uhere 0 < z < 7,z = (@)1Mh(®)30h(c)1h(d)15h
(@2®)3)4Ld)>s 14. A beats B by 20 mor b s; B's speed is:
5. The time 100 hours after 6 a.m. is: (@) 4m/s (b) 80 m/s (c) 5 m/s (d) 24 m/s
(a) 6 a.m. (b) 10 a.m. (c) 4 p.m. (d) 2 p.m. 15. A runs twice as fast as B; A gives B 50 m start. The race
6. The units digit of 22026 . Leng‘rh DOEZ 1
ACN (1\ ann
(q) 2 (b) 6 (C) 8 (d) "l \u; JU LA \U/ LUU LLA \b/ GV TIT U/ UV TN
1. The number of equivalence classes modulo 5 is: oA 'miiSTS; :J_Umi‘mr e Thotgs, Big SUUY TOF A
(@) 5 (b) 4 (c) 6 (d) infinite FRORRSTroraTo:
(@2:1()2:3(c)1:2(d)3:2
8. Rice at X 40 and X 60 is mixed fo get X 45. The ratio is: .
@1 30) 21 3: 1) T:1 PR
(@4b)5(c)3(d)6
9. 40 L of milk, 4L replaced by water twice; milk left:
VERY FARN PERN RN 18‘ IL(BO\J‘S'
a)3ZL(b)30L(c)36L(d)3ZbLl i@ 4
(@)1(b)3(c)0(d) —
10. Downstream 15 km/h and upstream 9 km/h; the boat's
- 19. Waiting time equals:
SPGGG ST J T
(a)3.(6) 12 () 6 (d) 24 ken/h (a) CT - AT (b) TAT - BT (c) BT - AT (d) CT + BT
20. 17 +30 13 equals:
(a) 30 (b) 1(c) 0 (d) 4

1C)-2C@) -3 9  -SWb) -6 7@ -38C) -9 10 1) 120 13WB)- 14
Cc) 15 ()16 Ca) 17 Ca) 18 (d) 19 (b) 20 (c)

—Assertion—Reason (6)

(a) Both true, R explains A. (b) Both true, R does not explain A. (c) A true, R false. (d) A false, R frue.

1. A: —41 mod 9 = 4. R: The remainder in modulo arithmetic is always non-negative and less than the modulus.
2. A: The units digit of 7100 53 R: Units digits of powers of  repeat in a cycle of 4.

3 ARice ar X 30and X 50 mixed T:Tcosts X 40/ Kg R The mean price1s the welgnTea average of The prices.

5. A: Two pipes taking 3 h and 6 h fil a tank together in 4.5 h. R: Rates of pipes add.

6. A: In partnership, a partner who invests for a longer fime gets a larger share for the same capital. R: Profit is shared in the ratio of

capitat=time:

pr'lfn)‘Z(d)~3(0)~Q(n)~§(d)-6(n)
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Answers to the practice set
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A.1.22.13.94.9(cycle3,9,1,%: 50 mod 4 = 2)5.36.0%.

F.1.8-9am. A+8:} +1 = T:thenall three Z 4 L =

time 8. burst

_ 17

5 = 2 per hour; remaining 47 + 3 = 1L h = 1 h 53 min: ful ot

B.1.T2.F3.T4.F5.T6.F(B starts 20 mahead) 3. T8. T

about 10:53 a.m. 2. 80(0.9)° = 58.32 L milk, water 21.68 L: ratio

EQ 29 . 91 AR — 79Q . 971
OO Oz Z =00 — (ZJ———=f=T

C13x4=12=72250= 2 (mod 24): 12 noon (fwo days
later)3. 5 =—1(-1)40 — 14 (180 — 160); (160 —

G. 1. if the remainder were 1 or more, one more 7 could be

120) =1:25.10km/h6. £ 1.5m/s 8. z(1 — £)"9.36 =

subtracted 2. no: a weighted average always lies between the

223%2:3 x 3 =910. completion time - arrival fime

extremes 3. the slower upstream leq takes extra time that the

D.12=—1, (—1)1‘”’ =12 cycle§ h 2,6; 1256 mod 4 = o:

23 ‘M = 32204 down 8, up. b: boat 3 stream 1km/h S

£ . _2dx 2d :
! txt—y z

house per month, so each month's rent is shared by those present

% + % = %: 6h6.Bruns 90 min 10 s while A runs 100 m: A's that month, not by “months stayed” alone
time 10 s ¥. 24000 : 36000 = 2 : 3: £ 2,000 and T 3,0008.13, Case. () § + 5§ = 15 (i) 15 — 15 = "35> = 3¢ per hour (iii)
18,723,728 wmuining }Z == 376 = 276 t—3-t43-mimabout40H3 o —iv)

E1 1’_743: F r\,lrlp’ 43 mnd 4 — 3. Q; Qq22: 3 f'\,l!'lb, 29 mnd

4 =2:93x9 =271 2 milk 40, water 20; add 20 L 3. down 10,

1%: 12 hours

Pl=

19
Tz

} 1 . 1 1 _ 5+4-3 _ 1.
up 6: man 8, stream 2 km/h 4. 35 + 7= =T 10
5. B 960 when A finishes; C runs 900 1000 — J12:88ME R

20000 x 6 4 40000

6 = 360000. B 360000, C 480000: 3: 3

: 4: X 8,100, 8,100, 10,300

Last-night sumwmary

units digits.

Alligation: cheaper : dearer = (d — m) : (m — c); replacement: z(1 — y/x)".

® Boats: z & y; pipes: add rates per hour, outlets neqative; stage-wise for pipes opened at different times.

* a mod n = non-negative remainder; congruence a = b iff n | @ — b; reduce first, then add/multiply; use cycles for powers and

® Races: same time = distance « speed; "by  mor ¢ 5" gives the loser's speed.
® Partnership: capital x fime, salary first; scheduling: TAT = CT - AT, WT = TAT - BT.
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