Chapter #: Work, Energy and Q»tp/e Machines
IEATH 7 - 7, Fodt 7 Ter Al

Chapter Review

o Work, enerqy and power have precice ccientific meanings. Work done by a
constant force = force x displacement in the direction of the force: W = F
x ¢. ST unit joule (1] =1 N x 1 m = 1 kg m2/c2). Work has no direction
but can be positive or negative. For a variable force, work = area under
the force-displacement graph (For 10 N over 1 m the area ic 10 J)-

Work ic zero if force ic zers, or if displacement ic zero (pushing a rigid wall
holding a barbell cteady, even though you feel tired), or if force ic
perpendicular to displacement (& girl carrying a box horizontally). Work ic
positive when displacement ic along the force (pushing a wheelchair, lifting
a dumbbell) and negative when displacement ic opposite to the force
(goalkecper ctopping a ball, lowering & dumbbell, friction).

Work-eneray theorem: work done on an object = change in ite enerqy (W =
change in E). Energy ic the capacity to do work, unit joule. Pocitive work
increaces enerqy, neqative work decreaces it. Enerqy can also be
trancterred ac heat, radiation, cound or electric current. Forms of enerqy:
mechanical, thermal, light, cound, electrical, nuclear, chemical: one form
changes into another (bulb: electrical to light and heat; food: chemical to
mechanical).

Kinetic enerqy ic enerqy due to motion: £ = ( 7/ Z] m v2 [a/erivea/ From W =
Fe¢ F=ma v2=u2+ 2ac). It has no direction. Doubling the velocity
makes KE 4 times. Example: cricket ball 0.2 kg at 43 w/c (154.8 km/b): K
= 1849.9 | Jet aircraft of 15000 kg ctopped by a 362500 N wire in 100 m:
(1/2)(15000)v2 = 367500 x 100, ¢o v = 20 m/s (252 km/h).
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Potential enerqy ic enerqy ctored due to deformation (ctretched rubber
band, bent bow, cpring) or due to relative positions jn a cystem (maguets,
charges, Earth and ball). Gravitational potential enerqy: () = mgh (near
the Earth'e curface) work done in lifting clowly. A ball dropped from
greater height makes a deeper deprecsion (n cand (Actiw‘ty 2.1). Example:
0.2 kg ball raised 10 m: ()= 0.2 x 10 x 10 = 20 ].

Mechanical energy = kinetic + potential. When only gravity acts, it ic
conserved: for a freely falling body potential energy lost = kinetic energy
gained and the cum ctaye mgh. A pendulom bob reachec nearly the same
height on both cides (Activity 2.2); it finally ctope due to friction and air
resistance. Example 7.8: clide of height h: (1/2)mv2 = mgh, co v =
cqrt(29h,), independent of mass and chape. Example 7.9: eccape ramp at
30 degreec: 2000000 ] = (50000 + 50000) d, co d = 20 .

Power ic the rate of doing work: P = W/t ST unit watt (1 W =1 Je): 1
horse power = 246 . Some work in less time needs more power. Example
2.10: [ifting 25 kg by 2 m in'5 ¢ work 1500 ], power 300 W. Example
2.11: car of 1000 kg to 20 m/< in 10 ¢: work = (1/2)(1000)(400) =
200000 ], power = 20000 W.

Simple machines make work eacier by changing the magunitvde or direction
of Force; they do not reduce total work (no energy ic created). Effort ic the
force applied, load ic the force overcome. Mechanical advantage MA = load
/ effort. Fixed pulley: only changes direction, MA = 1; movable pulleys or
cystems of pulleys give MA more than 1 (cranes, lifts).

Inclined plane: effort F'x (= mgh 6’9;10/'/‘:«5: Friction), o MA = mg/F =
(/h. A longer, gentler clope needs less force over more dictance (hill roads
wind gently; cloping ladder i eacier). Example 2.12: ramp height 30 cm,
width 40 em, length 50 em: MA = 50/30 = 1.672.
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o (ever: a rigid bar rotating about a fixed point (Fulcrum) with load and
effort. Principle: effort x effort arm = load x load arm (F1d1 = F2 d2),
MA = effort arm /[ load arm. The effort ic emaller but moves through a
larger distance, co work done ic came. Example 7.13 ceesaw: 15 kg at 2 m
balances 30 kg at 1 m. (lascec: Class I fulcrum in the middle (eciccors,
ceecaw, crowbar); Clace IT load in the middle (wheelbarrow, bottle opener,
lemon g7aeezek}; Class IIT effort in the middle (tweezers, broom, tong,
oar). The gharat or Panchakéi uces water ¢ potential enerqy turned into

kinetic enerqy.

Key Terme
Work — W = F x ¢ along the force; unit joule.

Joule — Work when 1 N moves an object 1 m.

Pogitive work — Dicplacement along the force.

Negative work — Dicplacement opposite to the force.
Energy - Capacity to do work; unit /.

Work-enerqy theorem — Work done = change in energy.
Kinetic enerqy — Enerqy of motion, 1/2 m v2.
Potential enerqy — Stored enerqy; U/ = mgh near Earth.
Mechanical energy — Kinetic + potential enerqy.
Conservation of mechanical enerqy — Jotal ctaye constant if oh/y gravity
acts.

Power — Rate of doing work, P = W/t; unit watt.
Mechanical advantage - Load / effort.

Fulerum — Fixed point of a lever.

EWfort [ load - Force applied / force overcome.
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Classes of levers

Class I/ IT Class I1T
+ I: Fulcrum in the middle (ceesaw, « Effort in the middle
¢eciccors) - Jweezers, broom, oar
« I1: load in the middle [whee/éarrow} ‘ MA less than 1
\ * MA can be above 1 \
_/ _

Key formulas
W=FeK=172mv2; ()= mgh; P = W/t MA = load/efFort; inclined plane
MA = (/b; lever: F1.d1 = F2 d2. Convert bkm/h to m/c éy ma/ff,b/y/‘hg éy
5/18.

Remember

Same work, lower force means longer distance. Machinec never give more

work than put in.

Revise, Reflect, Refine and Pause and Ponder (with Answers)

Q.1 Q1. True or False: (i) Work ic done when a force ¢ applied even if the
object does not move. (ii) Lifting & bucket up gives positive work. (iii) ST
unit of work and enerqy i€ joule. (iv) A motionless ctretched rubber band

has kinetic enerqy. (v) Enerqy can change from one form to another.
Ans. (i) False (no displacement, o work). (i) Trae. (iii) True. (iv) Falee (it
has potential energy}. [V) True.

Q.2 Q2. Fill in the blanks.
Ans. (I} force x dix',b/acemeht. (u) 7 newton. [/fi] [7/2) m v2. [/v) mgh. [v]

rate.
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0.3 03. A ball thrown u,bwan{ ¢ at its A/g/w&(’f ,bofnf. Which ctatemente are
correct?
Ans. (i) and (iv). The force [gmw‘ty} and acceleration are not zero; velocity

¢ zero So /(5 ¢ zero and PE I maximum.

Q-4 Q4. Energy tranctormation in: (i) truck uphifl (ii) wnwinding watch
cpring (iii) photocynthesic (iv) water from a dam (v) burning matchstick
(vi) exploding cracker (vii) cpeaking into microphone (viii) glowing bulb
(ix) colar panel.

Ans. (i) Chemical (Fuel) to kinetic and potential (and heat). (ii) Elastic
potential to kinetic. (iii) Light to chemical. (iv) Potential to kinetic. (v)
Chemical to heat and light. (vi) Chemical to heat, light, cound and
kinetic. (vii) Sound to electrical. (viii) Electrical to light and heat. (ix)
Light to electrical.

Q.5 Q5. A 50 kg student at height h = 22.5 m (3 = 10 w/<2) by lift and by
ctaire: gain in potential enerqy and conclusion?
Ans. (1) mgh = 50 x 10x 22.5 = 36250 . (ii) Same, 36250 ]. (ii;) Potential
enerqy depends only on height gained, not on the path taken.

Q.6 Q6. A crane lifts mass m to the 10th floor, then to the 20th floor in
double the time. More enerqy and power?
Ans. Energy to 20th floor ic twice that to the 10th (mg x 20 Hoors against
mg x 10 Floors), co the enerqgy needed doublec. Power = enerqy/time:
2W/2t = Wyt co the power required i< the came.

Q.7 Q7 Factore deciding the enerqy needed to raise a flag with a pulley? Does
cpeed change the work? Speed doubled?
Ans. Energy depends on mass of the flag and the height (W = mgh). Slow or
quick [ifting gives the came work. If cpeed ic doubled, time ic halved <o
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power requirement doubles.

Q-8 Q8. Seooter (100 kg) with man 60 kg, next day con 40 kg alco. Same
cpeed in came time. Ratio of Fuel uced?
Ans. Enerqy = (1/2) m v2. Day 1 mass 160 kg, day 2 mass 200 kq. Ratio of
fuel = 160 : 200 = ¢ : 5.

Q-9 Q7. Seecaw: adult weighs twice the child and it ic balanced. Show
dictonces.
Ans. Child x childe distance = adult x adult’e distance. Since adult = 2 x child,
the adult citc at half the dictance of the child From the fulcrum (e.g.,
child 2 wm, adult 1 m).

Q.70 Q10. A 2 kg ball ic thrown up at 20 m/e. () Sign of the work by gravity
going up and down. (ii) It veachec 19.4 m: work by air resictance?

Ans. () (/,bwara/: negative; downward: positive. (i) KE at ctart = 400 ] PE
at 19.9m=2x10x19.9 = 388 ]. Work by air resistance = 388 - 400
=-12]

Q.11 Q11. 10 kg block, KE 180 ] at 0 m, force graph (Fig. 2.32) from 0 to ¢
m. Speed at 0 m and at 4 m? Any negative acceleration?

Ans. (i) 180 = (1/2)(10)v2 givec v = 6 m/e. (i) Work = area under graph =
25+ 100 + 25 = 150 J; KE = 330 ], v = ¢cqrt(66), about 8.1 m/c. Force

ic alwaye pocitive (in direction of motion), co no negative acceleration.

Q.12 Q12. Moon'c gravity ic 1/6 of the Earth'e. Ball reaches § m on Earth.
How high on the Moon?

Ans. h = u2/29, co hicinvercely proportional to9: h =8 x6 =48 m.
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Q.13 Q13. 1000 kg car, Fig. 7.35: cpeed 35 m/< from A to B (0 to 1 ¢), then
Falle to 0 at C (3 ¢).

Ans. (i) Between A and B the car moves with constant cpeed 35 m/c (driver'e
reaction time). (i) KE at A = (1/2)(1000)(35)2 = 612500 ]. (iii) Work
by brakee B to ( = change in KE = -612500 ]. (iv) KE changes into
heat (and cound) due to friction at the brakec and road.

Q.19 Q19. 0.5 kg ball, Fig. 2.39, at O velscity 0 and PE 30 ]. Velocity at P, @
R?

Angs. Total enerqy = 30]. At P (/DE about 20])-' KE = 70], v = cht[Z X
10/0.5) = cqrt(40), abovt 6.3 w/c. At Q (PE 30 ])- KE = 0, v="0. At R
(PE 40 ]): more than total enerqy, co the ball cannst reach P.

Q.15 Q75. A 1.5 kg coconut falle From 10 m tree on cand. (i) Velscity before
impact (i) depth if resictive foree ic 3000 .

Ans. (i) v = g’qrt(Zgh} E g'qrt[ZOO), abovt 14.1 m/e. (i) KE = mgh = 150 ] =
Fxd cod=150/3000=0.05m=5cm.

Q.16 PP1. I¢ a weightlifter holding a barbell cteady doing work?
Ans. No; there ic no displacement.

Q.17 PP2. Work done by Friction on a cliding ctack of coins?
Ans. Negative, cince friction oppocec the displacement.

Q.18 PPY4. Macsces m and 4m have the came KE. Ratio of velocities?
Ans. (7/Z)m VA2 = (7/2)[%«) vB2, ¢o vVA/VB = 2 : 1.

Q.19 PP5-6. Doec KE change with position at constant ve/acity? Doee PE

change in horizontal motion?
Ans. KE does not change. PE does not change horizontally but increaces

when raised vertically.
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Q.20 PP7-10. Why are hill roads winding, and why ic an inclined ladder
eacier?

Ans. A gentle clope has a longer length ( for the came height, co lesc foree jc
needed (MA = (/h larger).

Q.27 PP11-12. Why ie a cpoon helpful to open a can lid? Why push the object
close to the cciccors fulcrum?

Ans. Spoon acts ac a lever with a long effort arm. Closer to the fulcrum the
load arm ic chorter, co the cutting force ic larger for the came effort.

Q.22 PP13. Why do real machines clow down and ctop?
Ans. Friction and air resictance convert mechanical enerqy inte heat, co no

machine can keep working forever without an energy cupply.

Board Exam Questions (Important)
Q.1 Define work. State ite ST unit and when work done ic zero.

Ans. W = F x ¢ along the force; joule. Zero if F = 0, ¢ = 0 or force ic
perpendicular to displacement.

Q-2 Derive the expression for kinetic enerqy.
Ans. W =F ¢ =max (v2-u2)/2a = (1/2) m (v2 - u2). For u = 0: K = (1/2)

m v2.

Q.3 Derive potential enerqy U/ = mgh.
Ans. Force needed to lift clowly = mg, displacement b, co work = mgh, ctored as
potential energy.

Q.4 State the law of conservation of mechanical enerqy with a free-fall
example.
Ans. KE + PE ctaye constant if only gravity acts; falling object losec PE and
gains equal KE, total mgh.
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Q5A body of 5 kg moves at 10 wm/¢. Find its KE; and the power if it ic gained

in 5 ¢ from resct.

Ans. KE = (1/2)(5)(100) = 250 ]: power = 250/5 = 50 W.

Q.6 Define mechanical advantage. Give MA of inclined plane and lever.
Ans. MA = load/effort; inclined plane (/h; lever effort arm / load arm.

Notes by Abhichek Siv 10
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ANfAST Fert T & &R Feat & K = (1/2) m v2 (W = Fs, F = ma, v2 = u2 +
2as )| FHF) e &t @t 9T FRET Bl W a1fder St 4 ITI IZTEIT: 0.2 kg
fhe AF 43 mfs (1S4.8 km/h): K = 184.9 71 15000 kg & #F 367500 N &T dR
100 m & ABar & (1/12)(15000)v2 = 367500 x 100, 37T v = 70 m/s (252 km/h)|
f&fder et fawaor (&= 38R, #7=T 4y, 1) =7 feenr &7 amgT @& (Faa,
3T, Goaft-31g) & RO ST Feat &1 <A AT FHear U = mgh (geaft
TR F fame) | Sftw FaE I Rt g ¥ & sifda IRT g7 FArAt & (Ao
7.1) | IETEIT: 0.2 kg 3¢ 10 m Fa18 % U = 20 J

7% Ferf = aifder + RIS Faer I ao7 o79r AT T8 TAGT T & Fh Yoo
F =S RS Feaf = urs aifder Ferf 317 F19T mgh BT &1 IR olieras T el
TIRTT 3T & Fe$ qar vgedr & (e 7.2); oot s1i7 aTg-9IRIeT 3 Sidd:
3F ST &l 3T, 7.3: SIS h Ft T8 (1/2)mv2 = mgh, v = sqrt(2gh),
FEHHIT R ATHR y7 13957 a7l 31, 7.9 30 Raft @7 vermerar 39 2000000 7 =
(50000 + $0000) d, d = 20 m|
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oTfeh @1 et #r 2z & P = W/tl Sl &@sas a1 (| W = 1 J/s); | 3Fe-91fh = 746
W 3T & b1 o THT H FIaT & ol 8% oif =1Re) 3T, 7.10: 75 kg & 2
m, S s # 3BT 1 1500 J, ¥1fb 300 W1 32T, 7.1): 1000 kg HR 10 s F 20 m/s
dab: 1 = 200000 J, 1k = 20000 1))

7T FMat ST T URHATIT 17 9T 5gerane 12 ST aardT &, ghor 1A e gt
FRA (Ferr &t gIdft) | INTAT IAT FoT GHTT, 16797 o7 Y UR T & ag AR
i3k 19T MA = 77 | TR TR faeett daet 2o agerdt & MA = | =T fazet
T froefl-aarer & MA | & 3ifdF (e, folre) |

JTTeIT JdeT: FATA F x L = mgh (Ffor F9107), 37T MA = mg/F = L/h| &,
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.8 U3. 35T 100 kg W T4aT 60 kg; 37316T 137 Y 40 kg ft1 I Jaar & Tarr
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9.9 99. AT W aoreen @T IR a=k T Ry, e ot dgfeia) gRAT geIisel
I F= FT HR x G = T @ AR x g1 a7 a0 7 a7l g uR e (e
=T 2 m, aF9%F | m)|

.00 T10. 2 kg 3F 20 m/s I FHuz bl () FuR IR AT o1 TFHT J3A & FH7of FT
fag (i) 19.9 m SATS G2 arg-giaRrer T H12?
I () YT AT FUNHS; A S eaidib| (i) FRAE KE = 400 I, 19.9 m
U7 PE = 333 J| GTg-9IaRer &7 &1 = 388 - 400 = -)2 JI

TN T, 10 kg 571, 0 m Yz KE 130 J, AT 7.37 FT T TATH 0 F 4 m| 0 m 377 4 m
TR ATeT? FT FOlIHb o017
I (i) 180 = (1/2)0)v2, v = 6 m/s| (i) FT2F = §TFBT = 25 + 100 + 25 = 150
J; KE = 330 3, v.= sqrt(66), rarsiar 3. m/s| §eT &I Tl b1 o H
eATHF & HT: FeUllHe 0T &

9.2 712, <z u% I<d Uelt @7 1/61 Tl uz A 8 m St arett 81 g uR?
I h = u2/29, AT h, 9 & FFBHAIGUIA: h = 8 x 6 = 48 m)

.13 713, 1000 kg 17, =57 7.33: A T B (0T 1 s) T67 35 mfs, fw 3s W C 47
S|
ITGY- (i) A T B BR 3§ m/s @ 37 =rer & Fordt & (FTeian T GBI JHT) |
Gi) A 9T KE = (1/12)(1000)(35)2 = 612500 7) (jii) B I € 8 FT F7 = KE
# gRadeT = -612500 71 (iv) KE FwaT (3R eafa) # ggerdt &)
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SFEATH 7 - 1A, BoAt AT FzeT el

919714, 0.5 kg 3z, f97 7.39, 0 W 397 0 377 PE 30 71 P, @, R W% ar?

I~ FoT Fodf = 30 I P u% (PE oFarar 20 J): KE =10 7, v = sqrt(2 x 10/0.5) =
sqrt(40), ST 6.3 m/s| @ 47 (PE 30 J): KE = 0, v = 0] R W PE 40 J el
FHert A 37fdeh, I 3¢ R qah & ug<T Fahdl

IS IS, |.S kg wA1R%eT 10 m Ser ug I dfieft ¥ W fRar @1 () zaheret I Uger 39T
(i) ¥ @T goT 3000 N @ qr I)5 @1 TS ?
2= () v = sqrt(2gh) = sqrt(200), eRRIT 14.1 m/s] (i) KE = mgh = 150 J = F
xd, d =150/3000 = 0.0S m =S em]

Y16 TH-T |, TRET B Uahs TR oras @Il &1d et &7
I<I7- g fawmst F& &)

.17 IH-31 2, [Qaeh! #1 23 G T80T FT Href?

3T~ FUNHF, ¥ TS0 faeITieT 7 fa2rer Hoar &)

G.18 SH-T 4. m I 4m & st 1 KE JHTTI 391 T FFUIT?
g2 (1/12)m vA2 = (1/2)(4m) vB2, ST vANB = 2 : 1|

9.19 T35-3re S-6. T 991 W KE fR&fa I sgerdt &2 &ffder aifd & pe?
9T KE & agordtl gifder IS & PE widt dgerd, Hearer IR Iz R g &

.20 335-3rt 9-10. UgTst Tsah gommaere @17 fovet et st @va?
AT~ HH ZTeT W 3daft & SIS @ oI L 3AF, 37 e aeT oerar & (MA = L/h
37f8F) |

.2 Tl |1-12. IR I 2aha JISAT HIITT #2417 el 7 S oo 3ileia &
T Al T
3 mewmaﬁ‘mw 2l a/dd$wwwwgﬁé
3TleIT 3t y7Tar U7 it arerr doT Jifees)
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SFEATH 7 - 1A, BoAt AT FzeT el

.22 I5-3r=) 13. 3geit #fiat 3 211 ot &7
I~ T 3T ATF-GIRNET A FeAT H FHT F FgT ¢ &, AT FeAT LS &
farar Fefiar TTgT et =rer Bl

15 whem Ty (FEaaer)

9.) &7 1 qfRsimT folfaie, A% gaise 3k 1 e o 8T &7

IAT- W = F x s 0T b1 G &: afe7] F = 0, s = 0 7T 5o7 fawsiTiet & ofgad & ar
|

9.2 3fdeT et HT DAeid gas Hifelv]
I W =Fs=max (2 -u2)/2a = (/2) m (v2 - u2)lu=0TRK=(>/2) m
v2|

v.3 R Feaf U = mgh g #ifer)

Iv- el ara & foIr F67 mg, fawimget h, 3ic: w12 mgh ofr fRAfFST FHerf & T &
I giar &1

T.49 T & IFIE0T A ifAcs Feil FgT FHATST

IIT- dor Iz ofdl dr KE + PE 171, fawer fis #t PE szt s1fz 3aeft KE szt &
Her mgh

TS S kg 19510 m/s I =7o7 T &1 KE 3R S s & a1 & 78 uret F1 o1fay?
I KE = (1/2)(5)(100) = 250 J: ¥Ifzh = 250/S = SO W

U.6 Hif3a o197 b1 GRS, ST et 3R 3T T MA ToIfFE]
AT MA = AR/GATH; I T L/h; I<lcras GHTT Hear / $TR HedTl
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