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Chapter 12: Surface Areas and Volumes

AT 12: YT SFE IR A=A

Section 1: Detailed Concepts & 3D Solid Mensuration Formulas
Tz 1: faga staurunt vd B s & 9
12.1 Surface Area of a Combination of Solids / 12.1 3t&l & Hatsi o1 qeiT &athe
[English Theory]: In daily life, we encounter shapes that are combinations of basic solids (e.g. an ice-cream cone
is a cone + hemisphere; a capsule is a cylinder + two hemispheres; a test-tube is a cylinder + hemisphere).
« Rule for Total Surface Area of Combined Solids: The total surface area of the new solid is the sum of the

curved surface areas of each of its individual parts (the contact surfaces glued together are NOT visible on the
outside and must NOT be added!).

» Formulas for Basic Solids:

1. Cuboid: CSA = 2h(l + b); TSA = 2(Ib + bh + hl); Volume = Ibh.

2. Cube: CSA = 4a%: TSA = 6a2; Volume = a3.

3. Right Circular Cylinder: CSA = 2mrh; TSA = 2nr(r + h); Volume = nr2h.

4. Right Circular Cone: Slant height | = v(r? + h2); CSA = 1url; TSA = mr(l + r); Volume = (1/3)mr2h.

5. Sphere: Surface Area = 4amr?; Volume = (4/3)mr3.

6. Hemisphere: CSA = 2r[r2; TSA = 3nr2; Volume = (2/3)mirs.

[f&é Rgia)]: e Sfia 7 sifdreriar avgy gervd aidt o1 gt gidt 8 (S &1 ol e = Soi + & Tefiier; Smeashia &l =
i + SrefTie) |

« G 319 o1 gEiT gather: TOIfSid 319 &1 §el USTI &tha S8 T T & dsh YEII &5l ol 17T 81T & (SISl 718 Huh
g STeR ¥ 3154 Biell €, 31d: I el ST Sira) |

o YA 31 & T

1. g=19: 0% g8 = 2h(l + b), $1 g8 = 2(Ib + bh + hl), 3md = Ibh|

2. 9: ur%f U8 = 4a2, el U8 = 6a2, I = a°l

3. Ae: gk Y8 = 21irh, el g8 = 2nr(r + h), 3 = nr2h|

4. vigp: foddes F=1g | = v(r? + h?), G Y8 = irl, §eT Y8 = mur(l + 1), S1mga = (1/3)mr?hi

5. e gt &ehel = 4nr?, 3mgaH = (4/3)mrl

6. SreFMe: ach U8 = 2nr?, gl g8 = 3nr?, 3 = (2/3)mrl|

12.2 Volume of a Combination of Solids / 12.2 3141 & dais T Smad=

[English Theory]: « Additive Volume Rule: The total volume of a solid formed by combining two or more basic
solids is simply the sum of the volumes of each of the constituting solids.

Volume of combined solid = Volume of Solid 1 + Volume of Solid 2 + ...

e Unlike surface area, volume is purely additive and is not affected by overlapping contact boundaries.

« Subtractive Volume Rule (Depressions & Cavities): When a cavity or depression is scooped out from a solid:
Volume of remaining solid = Volume of original solid - Volume of cavity scooped out.

[ Rrgia]: « smaa= o1 atsa fFam: < a1 &l § sifde Sl & TEioH & 993 Y 31 &1 Fof I IHh Ui 9eoh 319
3T & G & SRIeR BT &1
TSI 319 &7 T = 3G 1 &7 S1TdT + 31 2 &7 g + ...
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o GBI &thel & fAURld, S d §ueh Hcgl ol ehls UTe g1 gl
o @Raclt/EE) T SMTpfaaT: Y ST I A = ol S I A — hidl T3 fShT (cavity) T aaH|

Ex 12.1 Q3: Cone on Hemisphere Ex 12.2 Q7: Solid Inside Cylinder

Ex 12.1 Q6: Medicine Capsule (14 mm)

1

i

I Cylinder L = 9 mm
H Diameter = 5 mm
1
1
1

Total Length = 14 mm | Area = 220 mm? Hemisphere
r=60 cm

Hemisphere
r=3.5cm

Fig 12.1: Combined 3D Solid Geometry: Toy (Cone on Hemisphere, Q3), Medicine Capsule (Cylinder + 2 Hemispheres, Q6), and
Solid Inside Water-Filled Cylinder (Ex 12.2 Q7) — TYBA Coaching Centre

Section 2: Textbook Solved Examples with Step-by-Step Bilingual Solutions

T 2: USIYEas & ¥t gt fohg g IqreRon (fasga wRuteg &)

Textbook Example 1: Rasheed's Playing Top (Lattu) / 3&1g3ut 1: :2fte &1 &g (21 + srefmem)

[Problem - EN]: Rasheed got a playing top (lattu) as his birthday present, which surprisingly had no colour on it.
He wanted to colour it with his crayons. The top is shaped like a cone surmounted by a hemisphere. The entire
top is 5 cm in height and the diameter of the top is 3.5 cm. Find the area he has to colour. (Take it = 22/7)
[5% - HI]: ¥fie &t safem & SugR & &0 § ga oz e, o w & =8l fasar mar a1 ag 59 W &1 & 91gan 81 98 &g U6
U & SRR T 8 T FUR G srefmen srearifaa 81 &g &t gft $ams 5 cm @ 3R 39ert =md 3.5 om 1 38 gRT 41 fahg
ST dTet YT kT &5%hel T hIfATI (= 22/7 i)

Step-by-Step Solution (English):

Radiusr=3.5/2=175cm.

Height of coneh =5 - 1.75 = 3.25 cm.

Slant height I = v(r2 + h?) = v[(1.75)2 + (3.25)2] = v(3.0625 + 10.5625) = v13.625 ~ 3.7 cm.

Surface area of top = CSA of hemisphere + CSA of cone

=212 + 1l = Tr(2r + 1) = (22/7) x 1.75 x [ 2(1.75) + 3.7 1 = (22 x 0.25) x (3.5 + 3.7) = 5.5 x 7.2 = 39.6 cm?2.

WutEg & (f5dh):

Brarr = 3.5/2 = 1.75 cmi g & F=E h = 5 - 1.75 = 3.25 cm
forfer $=mg | = v(1.752 + 3.252) ~ 3.7 cm

g 1 Gl BRIhel = ETIC o deh U8 + Uep T dsh U8

=r(2r + 1) = 5.5 x (3.5 + 3.7) = 39.6 cm?|

Textbook Example 2: Decorative Block (Cube Surmounted by Hemisphere) / 3gTg=ur 2: GSiTad! steh (69 TR
srefme)

[Problem - EN]: The decorative block shown in Fig. 12.7 is made of two solids — a cube and a hemisphere. The
base of the block is a cube with edge 5 cm, and the hemisphere fixed on the top has a diameter of 4.2 cm. Find
the total surface area of the block. (Take Tt = 22/7)

[urs1 - HI]: 9oiTadl st €t 31T — Ueh 9 3R Teh 31 @ a1 &1 =eiTeh ahT SR 5 cm kIR aTeAT Ueh ° & 3R 39eh SR o1l
Srefmet o1 A 4.2 cm 81 39 slteh 1 @Yol gl ethel 7119 ARG (0 = 22/7 #ifSig)
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Step-by-Step Solution (English):

Total surface area of block = TSA of cube - Base area of hemisphere + CSA of hemisphere
= 6a2 - r? + 2mr? = 6a2 + 2.
Herea=5cm,r=4.2/2=21cm.

TSA = 6(5)2 + (22/7) x (21)2 = 6(25) + (22/7) x 4.41 = 150 + 13.86 = 163.86 cmZ.

WuEg & (f5h):
Sleh o1 el YT &1thel = O &l Ghed B — STelTilel o MR T &thed + e I ach G
= 6a + r? = 6(25) + (22/7)(2.1)% = 150 + 13.86 = 163.86 cm?|

Textbook Example 5: Shanta's Shed (Cuboid with Half-Cylinder Roof) / 3&Tg=ur 5: 1idT <kt 1S (ST UR 31¢f-
S Hr od)

[Problem - EN]: Shanta runs an industry in a shed which is in the shape of a cuboid surmounted by a half-
cylinder. If the base of the shed is of dimension 7 m x 15 m, and the height of the cuboidal portion is 8 m, find the
volume of air that the shed can hold.

[or%1 - HI]: 217 Teh 21 H I I1el @1 T8 AS Teh U1 & 3ThR o & 99 W= Uen sref-de= sreamifia 81 afe amur <hi
fammd 7 m x 15 m 3R g9TMTRR UIT A =g 8 m &, &t A & THT Tk dTeil gdT <Al 3ada A1 hIfSg| (1 = 22/7 «fifSg)

Step-by-Step Solution (English):

Volume of air = Volume of cuboid + Volume of half-cylinder.

Volume of cuboid = I x b x h =15 x 7 x 8 = 840 m3.

Diameter of half-cylinder = 7 m = radius r = 3.5 m; length H =15 m.

Volume of half-cylinder = ¥ x 1ir2H = V& x (22/7) x (3.5)2 x 15 = Y2 x 22 x 0.5 x 3.5 x 15 = 288.75 m°.

Total volume of air = 840 + 288.75 = 1128.75 m®.

WU g (f8dh):

&1 &1 Gl AT = TATH &l IR + Aol T A

19 T 3T = 15 x 7 x 8 = 840 m3|

37ef-3efT T 3T = Y2 x (22/7) % (3.5)% x 15 = 288.75 m3|

el AT = 840 + 288.75 = 1128.75 m3|

Section 3: Exercise 12.1 Complete Step-by-Step Solutions
g 3: AeEet 12.1 & HYUf TRUEE &

Exercise 12.1 — Complete Solutions (Q1 to Q9) / usmastt 12.1 — wyguf g

[EN] Detailed solutions for Exercise 12.1 Q1 to Q9.
[HI] wstraeft 12.1 & U1 19 9 @k & Tygof g=:

¢ Q1(2 cubes of volume 64 cm3joined end to end): Side a = 4 cm. Cuboid: 1=8,b=4,h=4cm.
Surface area = 2(Ib + bh + hl) = 2(32 + 16 + 32) = 2(80) = 160 cm?Z.

e Q2 (Hollow hemisphere d = 14 cm mounted by cylinder, total height 13 cm):r =7 cm, cylinderh=13-7=6
cm.
Inner surface area = 2mr2 + 2mnrh = 21r(r + h) = 2 x (22/7) x 7 x (7 + 6) = 44 x 13 = 572 cm?2.

* Q3 (Toy Cone on Hemisphere, r = 3.5 cm, total height 15.5 cm — Fig 12.1 Left): Coneh =12 cm, | =
Vv(3.52+12%) = 12.5 cm.
TSA = 2mr? + rurl = mr(2r + 1) = (22/7) x 3.5 x (7 + 12.5) = 11 x 19.5 = 214.5 cm?.
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Q4 (Cube of side 7 cm surmounted by hemisphere): Greatest diameter = 7 cm.
Surface area = 6a2 + nr? = 6(49) + (22/7)(3.5)2 = 294 + 38.5 = 332.5 cmZ.

Q5 (Hemispherical depression diameter | cut from cube edge 1): Remaining surface area = 612 + n(1/2)% = (12 /
4)(m + 24).

Q6 (Medicine Capsule length 14 mm, diameter 5 mm — Fig 12.1 Middle): r = 2.5 mm, cylinderh =14 -5=9
mm.

Surface area = 2rrh + 2(2nr?) = 2nr(h + 2r) = 2(22/7)(2.5)(14) = 220 mm?Z.

Q7 (Tent Cylinder h =21 m, d = 4 m; Conical top | = 2.8 m): Canvas area = 2mirh + 1rl = ir(2h + 1) = (22/7)(2)
(4.2 +2.8) = 44 m2,
Cost of canvas = 44 x 500 = ¥22,000.

Q8 (Solid cylinder h = 2.4 cm, d = 1.4 cm with conical cavity scooped out): Slant height | = v(0.72+2.42) = 25
cm.
TSA = 2rrh + 1r? + il = mr(2h+r+1)=2.2(48+07+25)=22x8=176~18 cm?,

Q9 (Wooden cylinder h =10 cm, r = 3.5 cm with two scooped hemispheres):
TSA = 21rh + 2(21r?) = 2mr(h + 2r) = 2(22/7)(3.5)(10 + 7) = 22 x 17 = 374 cm?.

Final Answer / 3<1%: All 9 problems of Ex 12.1 solved and verified.

Section 4: Exercise 12.2 Complete Step-by-Step Solutions
T3 4: AT 12.2 F HYUT TG, g

Exercise 12.2 — Complete Solutions (Q1 to Q8) / usiraeft 12.2 — dquf g=
[EN] Detailed solutions for Exercise 12.2 Q1 to Q8.
[HI] wstraeft 12.2 & usr 19 8 aah & &yof g=:

Q1 (Cone on hemisphere, r =1cm, h =1cm): Volume = (1/3)r?h + (2/3)rr® = (1/3)n(1) + (2/3)m(1) = mwem?S.
Q2 (Rachel's Model: Cylinder + 2 Cones, d = 3 cm, length =12 cm, cone hy =2 cm): r = 1.5 cm, cylinder h, =
12 -4=8cm.

Volume = nr2h2 + 2[(1/3)nr2h1] = 1(1.5)2[8 + 4/3] = (22/7)(9/4)(28/3) = 66 cm3.

Q3 (45 Gulab Jamuns,L=5cm,d =2.8cm = r = 1.4 cm, cylinder h = 2.2 cm):

Volume of 1 = mr?h + (4/3)mrd = 25.05 cm3.

Sugar syrup (30%) in 45 = 0.30 x 45 x 25.05 = 33818 ~ 338 cmS3.

Q4 (Pen stand cuboid 15%10%3.5 cm with 4 conical depressions r = 0.5 cm, h = 1.4 cm):
Volume of cuboid = 525 cm3. Volume of 4 cones = 4 x (1/3)(22/7)(0.25)(1.4) = 1.47 cm®.
Volume of wood = 525 - 1.47 = 523.53 cm®.

Q5 (Inverted cone h =8 cm, r = 5 cm; lead shots r = 0.5 cm displace 1/4 water):
Volume of cone = (200/3)1t cm3. Volume displaced = (50/3)m cm3. Volume of 1 lead shot = (4/3)r(0.5)3 = (r/6)

cm3.

Number of lead shots = [(50/3)m] / (/6) = (50/3) x 6 = 100.
Q6 (Iron pole: lower cylinder H;=220, R;=12; upper H,=60, R,=8, t=3.14):

Volume = 3.14[144(220) + 64(60)] = 3.14(31680 + 3840) = 111532.8 cm?.
Mass = 111532.8 x 8 g = 892262.4 g = 892.26 kg.

Q7 (Water left in cylinder — Fig 12.1 Right, Cylinder R = 60, H = 180):
Water left = TR2H - [(1/3)1r?h + (2/3)T[r3] = m(3600)[180 - (40 + 40)] = (22/7)(3600)(100) = 1131428.57 cm?3
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=1131m3 (approx).

* Q8 (Spherical vessel neck h =8 cm, d = 2 cm; sphere d = 8.5 cm, t = 3.14):
Volume = 1(1)2(8) + (4/3)11(4.25)3 = 3.14[8 + 102.354] = 346.51 cm3.
Child's answer (345 cm3) is not correct; correct volume is 346.51 cm3.

Final Answer / 3<% All 8 problems of Ex 12.2 solved and verified.

Section 5: Chapter Summary & Mensuration Master Table

WS 5: reATT AR T Afafa &t =amaw awoft

Solid Curved Surface Area Total Surface Area Volume
Cylinder 2mrh 2mr(r + h) nrh
Cone rl (1=v(r2+h?)) mr(l +1) (1/3)mr2h
Hemisphere omnr? 3nr? (2/3)mr3
Sphere amr? 4mr? (4/3)mr®
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