2026 A/L Physics Il - Test Paper 26 - Detailed Marking Scheme

23Ded 615502 REen ©65ISE) 2)®cs / Detailed Study Marking Scheme - Physics - Questions 5-10 - Includes 9(A/B) and 10(A/B)
Prepared 2026-07-17 - Sinhala-first bilingual explanation - Monochrome print edition

228%)c3 BEADe 28302925 / Use note
©®cs 26-B-1.pdf & B ez0e2s 3&5) 5 30 10 22301 3@ eznded esen) 23288 € DefmGr5ID2 PRBEE) G2 €H

@332 )@ 52, 6Sr) 9 2326 10 23e) BeR % A/B IS eem® Jeser . 6@ BE DK 62:85602555) G2
633520 )@ 52 625969, 23B)3S, 6K BIS, s, E61D/EIMmIBE 232 4Desr) BEBE 6D 6K 38%IB) WE
D 388 wames 36 .

3B 207829 Eo2nE OB IS @EHNAEIOD B1e® S English technical terms G205 5 )2 2412, GBI BB BB)EdS 535/
Gean MOR BT MNEBNCH B BGR:

o Q8(c)iii): E = I’RT @23 230015753025 %6525 RI16nB@D DS R 365 JEHmEcs G & 2520, D185)2665 @825 ©R-
8 BB 6135 WE NaBMD BNGE Jesed® 2D 4.

o Q9(B): Relay resistance &z 15 k) 63238 §ge0cs S 212. DS 12 V, 35 mA 2329 40 mA 2535 28O® 6H9B2D 65ENE 6.
365)28 BBEO B3 BO® KE 8% 6MI6HNITID el WE AKE 150 0 6EE 6K JRIB JBEd B &, 15 kO
DDENEIGEES ®B3 FO 310D 6ENEEBOE DK 6855 .

o QI0(A): Bg8 ©212d25)d Rs. 65% G328 G365, % G2 EH stray printing character &2z @328 233207 Rs. 65 per kWh #3892 28

.

@255@55 2978)® 82)¢5® / Quick lesson map
e 335 5 - U02 Mechanics: moment, rotational equilibrium, GPE, power, Pascal principle.
o 36565 6 - UO3 Optics 2320 U11 Radiation: convex lens, real image, magpnification, infrared imaging.
o 3u®cs 7 - U10 Mechanical properties 2320 U02 Fluid mechanics: viscosity, Poiseuille flow.
o 3u5)c8 8 - UG Electric field: parallel-plate capacitor, energy, grounding.
o 36815 9(A) - UO8 Current electricity: Ohm law, electric safety, RCD, step voltage.
o 968565 9(B) - U09 Electronics: AND gate, transistor switch, relay.
o 355 10(A) - U04 Thermal physics: specific heat, efficiency, evaporation, conduction.
o 3u®es 10(B) - U11 Matter and radiation: electromagnetic radiation and photon energy.

2332565 5 / Question 5

Sascs 207 2310 3O 53D / Subject and lesson map
30225 2338® U02 Mechanics &. D@2 2386505 (moment/torque), %)@eo 2802585579, Q13D EBen JenHd GzsBes,
B8O 8325 &2 BRZZ Pascal principle 6@ )0 755 6.

3@315)c Deser 18w 8253cs® / Solution roadmap
* Pivot 920 2520 28 D28 DEEE perpendicular moment arm €536 clockwise/anticlockwise moments Bc32532.
o It=0 %35 hydraulic force ©23165535.

*  Geometry ®E353 vertical rise 8283655 AU = mgAh 2329 @232384 P = ATU ®G3IEBIB).
* Efficiency relation @353 input power G233¢53, Pascal principle €325 piston-area ratio @23 &) piston force G83c553%).

@Qﬁ) @ e53® / Given
o 9BO® E® 12 m, edB3RS 500 kg, QS13D B3 pesiBEsss 5 m.
o MIBXS 32 B eH MBI 200 kg, @BO@ & 12 m ¢8I,
o 9RO BGe30 60° hydraulic force 9253@®O OV azsiden25S 3 m 5825,
e g=10Nkg’, ®2356® z0EE 18 s, 8525588228 80%.
o 229 Bmecd 8ed0xss DEGDE 4 cm? 232 60 cm?.

(a)(i) DR 238865 BEDD %S

Seses 8BS / Solution steps

5O E23B10s2Y/2A23B02S DO DR 88EeHes 55) DEEE JKIEBIDES 2329 DO FEsBB6eE B0 AEEE B)sr 6EDIDD B
COR ¢66H Q&HBIGE.

8D23125) 8E»)S / Final answer: T=Fd.L

Marking points: 838138 538®®2)cs; perpendicular distance 6325325 3128 58®; s N m.

(a)(ii) 983066 DS K3esr 12 23&e5cs
Seses 8BS / Solution steps
8c5dDS 1/ Step 1 - 98306@F DS W = mg = 500 x 10 = 5000 N.
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85DE 2/ Step 2 - DS BSeS IS 3B 253 s @8DDO B3O &8 5 cos 60° = 2.5 m.
853 3 / Step 3 - tladder = 5000 x 2.5 = 1.25 x 10* N m, clockwise.

D232 BE2)S / Final answer: 12 500 N m 2283865985 .

(a)(iii) OB} 2325 B82S $3es) 15} B eHcs
Sese 8BS / Solution steps
8c5dS 1/ Step 1 - DS W =200 x 10 = 2000 N.

8c3DG 2/ Step 2 - GO &6 12 cos 60° = 6 m.
8¢5d3 3 / Step 3 - Tcrew = 2000 x 6 = 1.20 X 10* N m, clockwise.

202812 BE%)S / Final answer: 12 000 N m 2253885:985d.

(a)(iv) d®25 hydraulic force

Sesem Bc3DS / Solution steps

8c3DG 1/ Step 1 - 9@ e% B8OB)EBHBNDGEE It = 0.

8593 2 / Step 2 - Hydraulic force 920 @500 GO %383y O moment arm 25 2393&8 €% 3 m 6.
8c35dE53/Step 3

Fx3=12500+ 12000 = 24500

8c3dG 4/ Step 4
F=24500+3=817x 103N

2323725 8E2)3 / Final answer: F ~ 8.17 kN.

(b) (i) ®S153D 6235386 cS 862 9eng c57®

Sesem Bc3DS / Solution steps

22372 8E5)S / Final answer: AhL = 5 sin 60° = 5V3 + 2 =4.33 m.

(b)(ii) 953®e @3 GPE 18J®

Sesem Bc3DS / Solution steps

8i3dS61/Step 1
AUL = mgAh = 500 x 10 x 4.33

8c5dDE 2 / Step 2 - AUL = 2.17 x 10*].

2de312) 8E5)S / Final answer: 830168 exact form: 12 5003 J.

(b)(iii) 0823 2329 ¢3325)68%DE GPE DD
Sese 8BS / Solution steps
86DE 1/ Step 1 - 206 862 @20€ 659@ AhC = 12 sin 60° = 6v3 = 10.39 m.

8c5DE 2 / Step 2 - AUC =200 x 10 x 10.39 = 2.08 x 10*].

2de312) 8E5)S / Final answer: 830168 exact form: 12 0003 J.

(c)(i) 832®32)25 236534 25)D 53 DECS
Sese 8BS / Solution steps
85D3E 1/ Step 1 - AUtotal = AUL + AUC = 24 500v/3 = 4.243 x 10*].

83dG 2/ Step 2
Puseful = AUtotal + t = 4.243 x 10* +~ 18

8c5dE 3 / Step 3 - Puseful = 2.36 x 103 W.

8D23125) 8E25)C6 / Final answer: 2.36 kW.

(c)(ii) 2225 DRCS
Sesem 8BS / Solution steps

8cdE 1/ Step 1
N = Puseful + Pinput = 0.80

823125 8E2)3 / Final answer: Pinput = 2.36 kW + 0.80 = 2.95 kW.
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(d)(i) 61236cS F1

Sese 8BS / Solution steps

8iDES 1/ Step 1 - G136 F, 8332des. Fy, 5000 N, 2000 N £33 3688 13253 281® moment arm D22)® 233¢ cos 0 8302
$DGo®) 60). 686 eI 315D aiBEn S 66 B8EGAEST 3 m, 5m, 12m &.

8i3dG 2/ Step 2
F,(3 cos 8) =5000(5 cos 6) + 2000(12 cos 8)

85896 3 / Step 3 - F; = (25000 + 24 000) + 3 =1.633 x 10* N

2323125 8E2)E / Final answer: F; ~ 16.3 kN.

(d)(ii) 3R 2B BeFOH 3O 6c38cS ¢§B5) DECS
Sesem Bc3DS / Solution steps

— Fs _F
8c3sdS 1/ Step 1 - Pascal principle 320 y— =z

8c5dE 2 /Step 2 - Fs = 16 333 x (6%) =1.09 x 103N

22315 8E2)G / Final answer: Fs ~ 1.09 kN.

(d)(iii) 782 QRS
Pascal §@BRE®s: 280Dz, @IINRL), 4e8OBAS DB 5O EEBEZ BRE MBIO D6 81® EEBBEEO® FRSOB5S
6269 2396 B e 6.

(I 1Sh]S) 2378)6® 2396206365 / Related lesson summary

e Moment 23€20) DR #125 sloping distance 25978 perpendicular distance 32 2855%.

e Constant angular speed ¢525) angular acceleration )5 @33 resultant torque G5 DDE.

o Useful power ¢325) 36053292058 G225 D183D@/2358.

e Hydraulic system &z52 force multiplication 21823623 pressure 925 6288305 EO® 83@22) K3e8cS.
e Exam trap: N m 2320 ] @125 28@22 §de torque d20 joule 6323 6508 GB5).

© ) / Sources

e 34235_®3cS - Mechanics 05.pdf, U02, page 1 - moment definition and rotational equilibrium basis.
o 34236_280505,6258,2838@25)8_Mechanics_06.pdf, U02, page 8 - power relations.

o 34239 cded35)_Dewrd_Mechanics_09.pdf, U02, page 5 - Pascal principle and hydraulic lift.

e Original paper 26-B-1.pdf, PDF pages 1-2 - numerical data and lever diagram.

Je919650 )29 BB 2532) / Exam takeaway

Torque balance g3€&)) Ztclockwise = Itanticlockwise; energy section e3€2)2 AU = mgAh; hydraulic section 23€22 —£— = constant.

gcd’zﬁcs 6 / Question 6

Sacs 297 23,8 O B3NS / Subject and lesson map

30022 2358® U03 Optics &. Infrared imaging 23835 U11 Radiation 28@@ secondary link ©z25 2¢12). Convex lens, real image, lens
formula, magnification 2829 focus adjustment @®e3 382528 2 6&.

33565 Jeser @r38® B2%3c5® / Solution roadmap

o 8c5q distances Hz® O B38DEHE 23 lens sign convention Hz) 362@ dzmees 295 WHEBIH.

. —%— = % + % OB §d 2320 1® image distances Gz Ge8IGBIB).

e m= % = '1}1% ®& 3 image height 283¢52 sensor height 283@@) 8323€25325.

* Image distances 6262 62562323 sensor shift D62 D%IEBIDS 2329 direction D25 KIS0 HSBIB.
@Qﬁ) (&1 Q25§25) / Given
Convex lens focal length f =8 cm.
* §d object distance u; = 2 m = 200 cm.
e Object height hy = 1.8 m = 180 cm.
¢ Sensor effective height 7.5 cm.

o % object distance u, = 1.2 m =120 cm.

(a)(i) 253925 JBJIORHE2 R2NBEH 622
BEwm ) WE1en G
o BBV BIS5253/2806De B2 OB EDIDD D).
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o 5538z object D22 e3€261 convex lens @25 G165 real image dz inverted cs.
o 9edr)ed eddrmes 5)d TKIG, 8301 60T B s M.

(a)(ii) 29D 235)cs
Sese BcDS / Solution steps
Magnitude convention P ORIICInr)

1 1
TtV

2d23725) 8E2)3 / Final answer: —%— =

Cartesian sign convention 325 z)€723 &f convention ®290 166232 XN B8O 8305865 %)3r@18®HE® dmesd
BIDIODB) G§BYCS.

(a)(iii) & image distance
Seses 8BS / Solution steps

8i5dSE1/Step 1
1 1 1 _ 24 3
v, 8§ 7200 " 200 25

230231 8E5)S / Final answer: v, = 235 cm = 8.33 cm.

(b)(i) 68Dcs BRIB S

Sese 8BS / Solution steps
\ 5.. 1
8idS 1/Step1-m=— = (23_) +200 = 77 = 0.0417.

2d23225) BE5)S / Final answer: 328D ORNc5 inverted DIF] signed convention D62 m = -217; J©@5IDS |m| = -217‘-

(b)(ii) YBDODGES 28

Sesem Bc3DS / Solution steps

23de322) 8E)S / Final answer: hi = |m|h, = (,};) x 180 cm = 7.50 cm.

(b)(iii) 23023885 3OS sensor D20 W EGHE?

Sesem Bc3DS / Solution steps
8c3DG 1/ Step 1 - Sensor height 7.5 cm 282 image height 7.5 cm 28@22)c5.

D232 BE5)GS / Final answer: 662380125352 D 2303E o5 ¥BJVORS 9HBi30@ 166. 897165362
alignment/edge margin 625)2®128 %3233 ©¢5 borderline fit 2525).

(@@Hu=12md 850 »d image distance
Sesem Bc3DS / Solution steps

8i3dS1/Step 1
11 1 _ 14 7
v, 8 "T20 120 ~ 60

22315 BE5)S / Final answer: v, = —6-7Q cm = 8.57 cm.

(c)(ii) sensor d29) DRBS 2 E 3B &0
Seses 8BS / Solution steps

8i3dS1/Step 1
60 25 5
AV=V2-V1=-7--?—=-2—1-cm

8c5dE 2/ Step 2 - Av = 0.238 cm = 2.38 mm.

202312 BE2)3S / Final answer: Object D25 lens 200 8382 &) %3235 sensor D2 lens D625 523 2.38 mm 241250
GH 5 (§B)CS.

(c)(iii) sensor D29 65)IDRBCS 20 EGNISY GMIe d5I653 2183?

Sesem Bc3DS / Solution steps

22312 8E2)3 / Final answer: )d object distance d250 2&2€ converging rays 252)32) image plane 29 8.57 cm
2823 e12. Sensor D2 8.33 cm 3O 231D%) 62123 rays D2z point focus OO 62336 sensor 2O 1605 S5
D25 object point ®2525) finite blur circle 9225} 6Ee3 C16D.
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(d)(i) thermal camera ®>€3 622
o Visible light ©0@1% gee88c cden dedr153 BwnS S infrared radiation OB gD 12
o 2O/3R) cakasBND BYE B EB3D GBI IDBGHES DB GE3IBINBIS 232985cS.

(d)(ii) thermal camera 8&1¢3 622
o 230@15)28 visible camera ®2020 d&) spatial detail/resolution #8) Scs 12 35S IR DEIcs.

o o85O 2383, reflection 2329 23@12%) 53D 228 Dedr) false identification e 2€ 2012D; 833@I2)% glass/water Gen)
@167 thermal IR 201853 65)1623653.

22r€ 370G 2326204 ¢S / Related lesson summary

o Object &2 focal point dez53 802 5O convex lens D2z real, inverted image D202 23 &.
_ v _ hi
* M= = ho

o Object D29 lens D20 go € DO (HHD® u > f) image distance D) 5.

¢ Sharp image 23€23 sensor plane ®z) image plane 925 23@@) 83@2325) es CH.
e Exam trap: metres 838 centimetres ©20® equation Slera)] @@ BENWEBIB.

©R)® / Sources

o 34258 _2pH63I2cs Tute 02.pdf, U03, pages 4 and 8 - real images and linear magpnification.
e 34311.2025-T-U,, - Part Lpdf, U11, page 1 - infrared/thermal radiation context.
e Original paper 26-B-1.pdf, PDF pages 2-3 - camera data and subquestions.

Je91650 )29 BRDI®253%5) / Exam takeaway

—}— = % + %; ©®2 v, = 8.33 cm, hi = 7.50 cm, 832 5 focus Oz 83€20) sensor shift 2.38 mm lens Dez 53 FHIE.

QQG‘SQSDGS 7 / Question 7

Sascs 297 23,8 O B3NS / Subject and lesson map

@gw) 2358® U10 Mechanical properties of matter - viscosity &. Laminar pipe flow %3283 U02 Fluid mechanics 23@@e 3@ 535
@d.

3565 Jeser @r38® B253c5® / Solution roadmap

* Poiseuille equation %1820 638 laminar-flow assumptions 38258 2S2552.

o &g esim Sl units DO 96D Q = AP + (81L) BE $168% DEBTB.

o vavg = Q + (1r?) ®&3=S average speed 683365253%).

e Viscosity 2325 radius @®x)288® e3e proportional reasoning 6cs22535); Q « r* 82535 JeuiBenss BRWBIH.

Ga®) R &5z / Given
e r=4x%x103m,L=2m, AP =2 x 10° Pa.
e n,=0.25Pas, 38301, =0.20Pas.

e m=3.

(a)(i) &29232820:0 BEDD %S

53R 8IS DB emO 31692580 DEHE DO DSIER DB epenssSHS BEBED B eBcs ¢edeg182d (viscosity) 638 51E€536D.
Coefficient of viscosity 1 ¢62) unit velocity gradient 2255 230253016 B3@0 D15 shear stress DzHE.

(a)(ii) Poiseuille 838256 e%c5
Sese 8BS / Solution steps
38®1 8307128 (38925200 Q e3eeno:

232372 8E2)3 / Final answer: Q = mr’AP + (8nL).

(a) (iii) 2392 S5 DRo®) 5)5353D

e steady laminar flow;

¢ incompressible Newtonian fluid;

e 23334, rigid, uniform circular tube;

¢ no-slip boundary condition;

o 1282 ¢FERBIDE K5,

* entrance effects 828332 %1865 1B BHSO mEE €@ .

Marking: @823 £3289 307 DHBIBID 3-4 2.
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(b)(i) 236®@3 3872 $38§25)2®

Sese 8BS / Solution steps
8dS1/Step1-r*=4x10H*=256x10""m*
83dG 2/ Step 2

Q=[3x256x101"x2x10%] +[8x 0.25 x 2]

2de322) 8E5)S / Final answer: Q = 3.84 x 10° m® s,

(b)(ii) 8 EIDE 232@22525 6DH S
Sesem Bc3DS / Solution steps
85DE1/Step1-A=mr? =3(4%x103)2=48x 10" m?

8323:2) 8E2)3 / Final answer: vavg = —2— =3.84x10°+48x10°=0.80ms™.

(b)(iii) n = 0.20 Pa s & 80 ¥R W5 D1AI®
Sese 8BS / Solution steps
8iDE 1/ Step 1 - 25 2535 sz NI Q Tll_

Q, _m; 025 _
853G 2 / Step 2 QlL = =070 = 1.25.

8i5dE3/Step3-Q,=480x10°m3s,

202312 BE2)S / Final answer: P35 ®25) DA = (1.25 - 1) X 100% = 25%.

(© () n 38 2 30 Q 18 dxIe2! A2

Sesem Bc3DS / Solution steps

3de322) 8E5)S / Final answer: Viscous shear/internal friction 2882) 53837 622 @& pressure gradient 9250 96623
986630 48) 6D. 1D} 2@ AP OB 255 D18 flow rate D202} 823D ©5) 912. Equation DE25IE Q %

(c)(ii) hydraulic oil 8325)8¢5 ¢§25) Qo 6225

8Ewnn B WC1em:

o K528 c8en55d 3678368 € DI 8325 edDIDS viscosity/@ene, viscosity index;
e %) compressibility;

e oxidation 23 corrosion resistance;

e e lubrication, 8) foaming, seals €83®@ chemical compatibility;

e ¢ flash point.

(c)(iii) @293 2R viscosity oil 2)83823 DB3G 253 241 B?

Clearance 2325 seals %3203 leakage &) 68); pressure 83325506 B3® epesenty D) 2GS volumetric efficiency 2325 load-carrying
lubrication &#8)ed. ®@E 23 wear, heating 2325 control instability &2 Scs %12.

(d)(i) € 2Scs 8D e DO m»D Q
Sese BcDS / Solution steps
8c5dS1/Step1-Qocr,

14 1
8DGS 2 / Step 2 -‘%%V = () =

223225 BE5)S / Final answer: ) flow rate 25 § $HGS —11%- 2.

8596 3/ Step 3 - Qnew = 2.40 x 10°m? s,

(d)(ii) @G"Q ® RNIOEIOO 5 pressure difference
Seses 8BS / Solution steps

8i5dSE1/Step 1
APnew = 16APold = 16 x 2 x 10°

23de312) 8E5)S / Final answer: APnew = 3.2 x 10° Pa.

(d)(iii) 216332 DRB1L®

9B @E pressure Dz 23€%) GEBOBI/SE 3Bz pump, pipes, seals 2D©3 6d. Leakage, seal failure, hose rupture, heating
2325 safety risk 18 ) @S pump power consumption 18 . DB} radius 38 BBe@ 3 BB BB ZIB@ )
#9215)® Jcs 9.
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222€ 370G 2326204¢S / Related lesson summary
1

1

. 4 il
Qo AP, Qor? Q«x 1 PQo .
* Radius 23®233 fourth-power dependence %323> £3@ radius @223z flow 200 SR DEB1@Z WEE.

o Exam trap: diameter 225 ¢ 3O radius & 32z 2 L flow Dz RS ©252d —1% ©d.

© @2 / Sources

. 34302_963’@93825)38-10-Part 02.pdf, U10, pages 1 and 3 - viscosity and coefficient of viscosity.
o 34240 5SE® Jewrd-Mechanics 10.pdf, U02, page 2 - laminar flow.

e Original paper 26-B-1.pdf, PDF pages 3-4 - Poiseuille data and hydraulic application.
J915650 229 VDI 2532 / Exam takeaway

6@ Q =3.84 x 10°m3 s, v=0.80 m s, viscosity #R0De®z3 25% RSOz, radius Rz HBe@23 196.

2332565 8 / Question 8

Sascs 207 23180 3O 53D / Subject and lesson map

38225 2358® U06 Electric field &. Parallel-plate capacitor model, field energy, force, work, discharge 232 grounding 6®e5 23825528,
DOB.

3@35)c8 Deser @18® 8253cs® / Solution roadmap

e C= %é, V= % 2320 U = Q% + (2C) 9B 6:m0 8955 SB35,

 Uniform field eseen) E = %/- @532384 F = qE 2320 W = Fs 6585350,
 Discharge g3een charge/time ®@23 average current 23253, complete-discharge heat &2 initial capacitor energy 23®@@

288815 WEB3.
e Grounding 8&2)Gt time constant, spark current 832 controlled charge leakage ®2) 23120188 208552.

2% R &5z / Given

e Bowser-ground system: plate area A, separation d, permittivity €, charge Q.
e Numerical case: Q = 6.0 X 10° C, V= 1500V, d = 0.75 m.

e Dust charge q = 4.0 x 107 C, displacement s = 0.15 m.

e Discharge time T = 0.020 s.

(a)(i) Electric field intensity 2389®2)cs
Seses 8BS / Solution steps

5O REIB5EZ Q) T A 38V pr6GTsencs O wedr)s OB Fc 2EB DR DO 2856 electric field
intensity &.

823125 8E2)3 / Final answer: E = % T NC! eendvm™.

(a)(ii) U = Q*d/(2A<0) DD 6353
Seses BcsdDE / Solution steps
Parallel-plate capacitor ®z200:

8dS1/Step1-C =€%‘5 2300 U = Q% = (20).

DD 53

22312 8E,)E / Final answer: U = Q* + [Z(E—&é)] = Q%d + (2Agy).

(a)(iii) q dust particle 25 ©25) DR
Sese 8BS / Solution steps

8596 1/ Step 1 - Plates 22)6 surface charge density 6 = %—

805@62/5tep2-E=%=Q+(Aso).

D232 BEx)S / Final answer: F = gE = Qq + (Ag,).

€510 Q) charge d22 2seen) electric field E%10Acs.
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(a)(iv) 222596 field intensity
Sese 8BS / Solution steps

22372 8E2)3 / Final answer: E = %/— = -1(;'.;)-;)- =2.00x103Vm?

(b)(i) dust particle 25 ®2) DR
Sese BcDS / Solution steps

8cdE 1/ step 1
F=qE=4.0x107x2.00 x 103

8323125 8E2)G / Final answer: F=8.0 x 10° N.

(b)(ii) electric field ®25) 2S5 238c5¢5
Sese BcDS / Solution steps
DEHE DE E60dO DD stem D@2 & B NI >S:

2312 8E5)S / Final answer: W = Fs = 8.0 x 10° x 0.15 = 1.20 x 10°°J.

(b)(iii) potential energy 6®2)23
Sesem Bc3DS / Solution steps
85D3E 1/ Step 1 - Field ®25 positive work 2032 1925 AU = -W.

D232 BEx)GS / Final answer: potential energy 1.20 x 10° ] 2823 &8) 6d.

(c)(i) 232@22525 discharge current
Sese 8BS / Solution steps

8cdE 1/ Step 1

lavg = _%_ =6.0 X 105 + 0.020

8323125) 8E2)3 / Final answer: lavg = 3.0 x 1073 A = 3.0 mA.

(c)(ii) heat @323 dissipate 25 325323c5 23€29 2J2NIKLCS
Sesem BcsDS / Solution steps
Constant-current approximation ¢s9@23 Joule heating:

22372 8E2)3 / Final answer: Eheat = I?RT.

(c)(iii) E 253 25 - 3BHEcS 3R exis BERE BD1S8 Besg®
Sesez 8BS / Solution steps
8c3DG 1/ Step 1 - Printed question ®25 R @528 R 620682 3281 I°RT 8325)605255 23@€5255 unique numerical value &z

CM®® 61012, Capacitor D25 23038 enec253 discharge & e @ stored energy &2 cable ©@255 heat DO 232536 518
®53 DO:

86dS 2/ Step 2
A 1
E = Uinitial = —Z—QV

85dE3/Step3-E=05x6.0x 107 x 1500 = 4.50 x 107 ].

22372 8E2)3S / Final answer: E = 0.045 J.

8iDS 4/ Step 4 - 695 I°RT 2306 ©168@0 discharge interval &z 23e) effective R = 2.5 x 10° Q @alaxr_g =5.0 % 10° Q 6328

initial voltage 25 3@€52 4182 386023 0.09 ] 1B 6neB)zd 1Sc; capacitor voltage &z discharge 35623 1500 V
£0 0 225501 28D K383y average voltage D20 750 V &.

(c)(iv) es@g&g’o@cszsi grounded &) 2323
Sesem Bc3DS / Solution steps
¢ Bowser-ground potential difference V=0V.

» Bowser 9 model electric field E=0Vm™.

(d) (i) grounding cable resistance 92)1 99 ¢, 5O
Discharge time constant &8 &2 #3231 charge @128 5780 ©KZ®%) T A& 6. Bowser D25 84 291G BB S122632 potential
D% B1DBIB .

(d)(ii) resistance 92 287 9O

OYoh) 5(533@ transient current d2925 ®E> spark/arc, local heating @529 ignition risk 228 Fes 1.
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(d)(iii) carbon-black infused rubber 20782)c5

s OsEDEO B2 electrical conductivity Hz9255 3R1& charge dz 282D 623:6€20 leak HOD 3EIDR. OGS charge
accumulation dgz$D® &3S D2AE &R spark current Hzzs IO &8 WHEEB.

[d1h 1) 2378)6® 2396206¢5 / Related lesson summary
* Parallel plates: C = %Ai E= %— U= -%—QV =Q%+ (20).
* Field 82 work @) 2® charge ®@2 electric potential energy 38@.

* Grounding c53) potential equalization ®20255; zero resistance idealization ©)25 practical safety solution &z ©2)69.
e Exam trap: capacitor discharge 22 voltage %3652 62569.

©R2® / Sources
e 34282_25T-Ug-Part 01.pdf, UO6, page 2 - electric field definitions and field representation (visual source page).
e 34284 _Unit 06 Part IIL.pdf, U06, pages 1-2 - capacitor relations and stored energy (visual source pages).
o Original paper 26-B-1.pdf, PDF pages 4-5 - bowser model and numerical data.
e Additional explanation: physically consistent capacitor-discharge energy balance used for the missing R issue.

J915650 )29 BRI 25325) / Exam takeaway
Efield = 2000 Vm™, Fdust = 8 uN, W = 1.2 J, lavg = 3 mA; complete discharge energy is 0.045 ] under the stated capacitor model.

ggcdzs)cs 9(A) / Question 9(A)
s 297 2338 BODBINCS / Subject and lesson map

U08 Current electricity: current, Ohm law, resistance, electric power/energy, RCD 232) step voltage safety.

B350 Jeser @r38® B253cs® / Solution roadmap
o Dry 2320 wet skin e3€e0) [ = 1‘{— 695 6O HEHG 203G RCD threshold 9 3@ @ 2323€255).

o P=VIesen E = Pt @353 power 2329 transferred energy ©231652552.

* Model-time 62023 23e) dz20® critical energy ¢52) paper assumption &2z 3@ €52 ©132) 2325325
e Step-voltage 622023 28€2) Vstep = Ed 232 body resistance 182 23 current 6231c51 safety action 3126288 2 S53%.

(a)(i) Electric current &S 2125)9®
Sese 8BS / Solution steps
5® 9GBS Gend Iz WICHIE DRI 5B BRI reSIsen 9@Irencs electric current &.

823125 8E2)3S / Final answer: | = %% 6203 839@25)25 ®SO [ = %%

(a)(ii) Ohm %3c5®c5
Seses BsdDE / Solution steps

e8BIBIBEEE E 253D 5 232 PEBWB3 GN9LIE) BIBIBID KBS BDBE Dcs 2052 DERB PI62D e ) 1S potential
difference 20 23@1%5)23:82 ©d.

D237 BE€2)S / Final answer: V « I, D@82 V = IR.

(a)(iii) Resistance relation
Sese BcDS / Solution steps

23de322) 8E)G / Final answer: R = %l

(a)(iv) 252253 236® resistance 28D 655D

B305 8320 I 2652 skin surface/contact paths G conductivity 18 23S contact resistance €32 outer keratin layer ©@2s3
effective resistivity 28) 23&. &35 same voltage D200 D& current D202 ©E 8.

(b)(i) Bc3€ 83® 29 SeH3 D252

Sesem Bc3DS / Solution steps
8561/ Step 1

Idry = m}% =230+ (5.0 x 10%)

22312 BE5)S / Final answer: Idry = 4.6 X 10° A = 4.6 mA.
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(b) (i) 673 3@ 2nGen? D262
Sese 8BS / Solution steps

8cdE 1/ Step 1
Iwet = 230 + (2.0 x 10%)

8D23125) 8E25)GS / Final answer: Iwet = 0.115 A = 115 mA.

(b)(iii) 30 mA RCD 25)c52 206 &e?
Sese BcDS / Solution steps
e Dry case: 4.6 mA < 30 mA; @@ & 22 ideal threshold model &0 RCD trip 62)6d.

e Wet case: 115 mA > 30 mA; RCD trip & supply disconnect 2z058.

202312 BE )G / Final answer: Safety note: 6&c3 2363268 threshold comparison 925 8®&. 4.6 mA 362858
525 achbcszsf 625)69; 8311 RCD operation time 2329 current path & augcs)zsics.

(<) (i) 873 86168 dissipate d25) power
Sesem Bc3DS / Solution steps
8c5dE1/Step1-P=VI=230x0.115=26.45W.

2d2322) BE2)S / Final answer: d624® p = %/; OBl D2® FHcs RLED.

(c)(ii) 0.20 s Z)E K25253cS

Sese 8BS / Solution steps

D23 8@526 / Final answer: E = Pt = 26.45 X 0.20 = 5.29].

(c)(iii) D€ 236D 02D DO H)D 5 model time

Seses 8BS / Solution steps

5&566 836G model D7 50653 Dz critical transferred energy 9225 30®%%5 513 HBE.
Wet case critical energy:

8c5dD3E 1/ Step 1 - Ecrit = Pwet X 0.3 = 26.45 x 0.3 = 7.935].

Dry power:

85DE 2 / Step 2 - Pdry = 230 x 0.0046 = 1.058 W.

Ecrit _7.935

2323725 8E2)S / Final answer: model 25 85D 7.5s.

Physiology caveat: 23181 cardiac risk ©z5 simple fixed-energy law 92200 23®@&02z #5)HOH S 65I12EB. 6&cs question model
lorafalobalaloy

(d) (i) Uniform field relation
Seses 8BS / Solution steps

2de322) 8E5)S / Final answer: Magnitude 23€29) Vs = Eg d.

(d)(ii) Step voltage
Seses 8BS / Solution steps

8D23125) 8E2)3 / Final answer: Vs = 600 x 0.5 =300 V.

(d)(iii) 3616 96293 216D

Sese BcDS / Solution steps

22372 8E2)3S / Final answer: | = -‘1’; = -1.350&- =0.20 A =200 mA.

(d)(iv) 2262582 9d=3D®
623 DBEHWO 95 28938 B 298 shuffle steps ©B3S53 @end feet together 23@@ bunny-hop 23823 conductor dez 53
A0 SBB). E8) BsDS rNDHABID, DO 412 Dedr53/Aenz e888% 6928555, OB BT ©2e3) 342G potential difference

38 @d.
(4101 E) 2378)6® 2396306¢5 / Related lesson summary
. I=%,V=IR,R=%1,P=VI,E=PL

o Wet skin resistance &) 232 35S current 860G 63e8 ME) 6d.
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e Step voltage &%) BE@D @23 256 separation 28) S BI®.
e RCD &2z earthing ®62 23538§07235)65283 ©2)79 @23 protection 223,

© @2 / Sources

e 34291 _Unit 08 Part L.pdf, U08, pages 1-2 - current, potential difference and resistance foundations (visual source pages).
e 34291 _Unit 08 Part Lpdf, U08, pages 9-10 - electrical power/energy relations (visual source pages).
e Original paper 26-B-1.pdf, PDF pages 5-6 - body resistance, RCD and step-voltage data.

J9715650 2529 VDI 2532 / Exam takeaway
Dry 4.6 mA - no trip under stated threshold; wet 115 mA - trip. Step voltage 300 V gives 0.20 A, so feet together/shuffle away.

233%)¢5 9(B) / Question 9(B)
Sascs 07 23180 3O 53D / Subject and lesson map

UQ9 Electronics: AND gate, NPN transistor operation, transistor current gain, relay driver 32 base resistor.

3@35)c8 Deser @18® 8253cs® / Solution roadmap

o Sensors Gez® 1 &) JO 3@en2s output 1 Jcs ¢§23) K387 AND logic Dz 62352535,

o IC = BIB @@3 transistor current 6233¢51 relay activation threshold 925 382587 2553%.

* Relay coil ®20 load line &2 6328 8% VCE = VCC - ICRC 8329 saturation limit 825 @231652532).

* Base resistor 23€20) input-loop KVL 2182 28, motor current €3€20) 6d%)® I = -\R/— BBICBIB.

e Printed 15 kQ 25 2329 physically coherent 150 Q1 interpretation 8z 28860z 8¢ 6250232535).

Printed-data correction / §& &% 225325 30168 8@

Paper de2s relay coil resistance 15 k() 6323 23120188 §gencs & 3. 12 V supply Dz0283253 & resistance 2z S ¢38@
current 25 0.8 mA 3@ €525 D) 383 35 mA activation current @203 40 mA operating current GRINB) GHIN). FHBEN @BE
20029 coherent d23623 Reoil = 150 Q 5)Oc5. DD 3822 marking answer 925 150 Q corrected value 9z 50623 G 8.

(a)(i) #d®1S logic gate, symbol 2325 truth table
Sese BcDS / Solution steps
8c5DES 1/ Step 1 - RFID A = 1 2325 fingerprint B = 1 62z® 9206 8 80 3@z output Y = 1 Jcs ¢§z)s. Dands3 AND gate &.

83dG 2/ Step 2
Y=A-B
e A=0,B=0->Y=0
e A=0,B=1->Y=0
e A=1,B=0->Y=0
e A=1,B=1->Y=1
Symbol g3eens standard flat-left, curved-right AND-gate symbol &2 8&®»xI%.

(a)(ii) logic output d25 relay coil 290 6208253 6211622536253 21 8?

Logic gate output &200 relay coil 025 current D25 8312388 6112012, Transistor Oz current amplifier/current-controlled
switch 6328 2982 base current 2028253 &1& collector current d25 223565 26 logic circuit &z relay load dez)23 isolate ZE&.

(a)(iii) B-E 2329 C-B junction bias

Sesem Bc3DS / Solution steps
23012525 forward-active NPN operation 8@2s5:

e B-E junction: forward biased.
e C-Bjunction: reverse biased.

823125 8E2)3 / Final answer: Transistor @25 deep saturation D62 ® junction ©22)® forward biased 69. 6®
paper D@25) corrected numerical data 22)® initial 40 mA state ®25) forward-active region 290 ©E6Y.

(b)(i) Collector current
Sesem Bc3DS / Solution steps

8d23:2) 8E2)3S / Final answer: IC = BIB = 100 x 0.40 mA = 40 mA.

(b)(ii) Relay 25)c52 26 &e&?

Sesem Bc3DS / Solution steps

202312 BE2)3S / Final answer: Corrected 150 O model 2329 active-region result csO&z3 40 mA > 35 mA; D13 253 relay
2328)cs 6d.
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(b) (iii) Relay coil power
Sese 8BS / Solution steps

8cdE 1/ Step 1
Pcoil = I?R = (0.040)% x 150

2D23125) 8E2)3S / Final answer: Pcoil = 0.240 W.

(b)(iv) VCE
Sese BcDS / Solution steps
8c5dE 1/ Step 1 - Veoil = IR=0.040 x 150 =6.0 V.

22372 8E2.)3S / Final answer: VCE = VCC - Veoil =12 -6 = 6.0 V.

(©)(i) 1B = 0.50 mA 2)® theoretical IC
Sese 8BS / Solution steps

23de322) 8E5)S / Final answer: IC,theory = BIB = 100 x 0.50 mA = 50 mA.

(c)(ii) Saturation-limited maximum collector current
Seses 8BS / Solution steps
8c5d3E 1/ Step 1 - Corrected Reoil = 150 Q 832 VCE,sat = 0:

3de322) 8E5)S / Final answer: ICsat = 'IVF%CH' = -1}5% =0.080 A =80 mA.

(c)(iii) 2311 current 232) operating region
Sesem Bc3DS / Solution steps
853G 1/ Step 1 - IC,theory = 50 mA < IC,sat = 80 mA.

D237 BE€x)GS / Final answer: d@18 23 actual IC = 50 mA; transistor D25 forward-active region H62s 89253,
saturation 62)69.

(d)(i) Base resistor RB
Sese 8BS / Solution steps
8e5d3S 1/ Step 1 - Logic output 5V, VBE = 0.7 V, IB = 0.40 mA.

8c5dE 2/ Step 2
RB=(5-0.7) + (0.40 x 107

865G 3 / Step 3 - RB =1.075 x 10* Q = 10.75 kQ.

223725 8E25)3 / Final answer: Practical standard value D22s) ©R23 application 25 225 11 kQ apaesﬁzs)os.

(d)(ii) Motor current
Sesez 8BS / Solution steps

$De3IB) 8@2536 / Final answer: Imotor = 1\% = %2— =2.0A.

15 kQ D586 ©z53 SO / Literal printed-value check

e ICsat= -}é— 000 = 0.8 mA, relay activation 35 mA O 616207 $8)cs.

* 40 mA ®R> S& 52 assumption 20 coil voltage IR = 600 V 8D 6.
e VCE=12-600 =-588 V 3&® impossible result &z28.

o OIS 15 kQ value Dz 23O® (b) 232 (C) DAS 285325 D3 ©ZIM; correction 929G numerical marking D2z 2@
DGEas.

2376 23:8)6® 239620¢S5 / Related lesson summary

e AND output high ®23623 inputs @2z® high &) 30 3@&.

e Active region: IC ~ BIB; saturation limit: load 2329 supply 8£3253 IC 88@> S&.

e Actual current roughly min(fIB, IC,sat).

 Relay coil @2 flyback diode &2 switch-off inductive voltage spike ®@223 transistor 2528588 26&.
e Exam trap: calculated BIB 29 supply/load limit &0 d8 &8 5H® cs actual current 625769.

©R2® / Sources

e 34308_2025-T-Uy-Part ILpdf, U09, page 2 - NPN junction operation.
e 34308_2025-T-Uy-Part ILpdf, U09, page 13 - transistor as a switch and saturation.
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o Original paper 26-B-1.pdf, PDF pages 7-8 - logic/relay circuit and the inconsistent printed resistance.

51550 O25)29 5)DI® 5325 / Exam takeaway
Corrected 150  model: IC=40 mA, relay ON, Pcoil=0.24 W, VCE=6 V; at IB=0.50 mA, actual IC=50 mA active region. Printed 15 kQ
is internally inconsistent.

ggcdzs)cs 10(A) / Question 10(A)
Sascs 207 231D 3O 53D ¢S / Subject and lesson map

U04 Thermal physics: specific heat capacity, heater efficiency, electrical energy, evaporation/latent heat 2329 conduction.

gcdas)os Jeser @:8® 8253cs® / Solution roadmap
Q = mcAT &35 baby 920 88®25 useful heat 232652530,

» Heater efficiency ®c52¢2 useful power, heating time, input energy 325 loss 92 886D %S Ge35535).
o Joule 830 kWh 288> 8380&® 2565 208 tariff @223 cost €056 SB35

o 59 efficiency/power 208N 3 useful heat D2 BIDIGHB ENDB) DEBBB WEBIB).

e Evaporation 28€2)1 P = mLv; glass conduction g€ P = k—Ag 22292 28 22315608 reasonableness check 925 255,

@Qﬁ) (&1 Q?Sfﬁ) / Given
Baby mass m = 2.5 kg; Ti = 35.5 °C, Tf = 37.0 °C, so AT = 1.5 K.
 Specific heat capacity ¢ = 3500 ] kg1 K%,
e Heater P =180 W, efficiency n = 0.80.
e 1kWh = 3.6 x 10°]J; tariff printed as Rs. 65 per kWh (paper shows a stray % after 65).
e Evaporation rate 4 x 10 kg s°!, water latent heat 2.26 x 10° ] kg™,
¢ Glass area 1.5 m?, thickness 6 mm, k = 0.8 W m K}, room 25 °C.

(a)(i) Specific heat capacity ade 412555@

Sesem Bc3DS / Solution steps

D232 BEx)S / Final answer: §D15c529) 1 kg 2 ¢ B 623D s 1K (6203 1 °C) 273, 2Ded)r 6D 2583255 625018128,
9 E MDD PDKS 257723 PYDI&wcs el specific heat capacity 8.

(a)(ii) 3D ®25 useful heat
Sesem Bc3DS / Solution steps

8i3dS61/Step 1
Q = mcAT

22312 8E2)3S / Final answer: Q = 2.5 x 3500 x 1.5 =13 125].

(a)(iiii) 2360532920253 heating time

Sesem Bc3DS / Solution steps

Baby 602 G162 useful power:

8c5d3S 1/ Step 1 - Puseful = nPinput = 0.80 x 180 = 144 W.

Q _,.125
8csdS 2/ Step 2 - t =p—rr = 1317r =91.1s.

3de322) 8E5)S / Final answer: ~ 91 s.

(b)(i) Heater 2386203855 € @O electrical energy
Seses 8BS / Solution steps
125

89S 1/ Step 1 - Ein = 2_ = 1355 =16 406 .

22322 BE%)S / Final answer: d@29® Ein = 180 x 91.1.

(b) (ii) Efficiency
Sesem Bc3DS / Solution steps

2d2372) 8E»)ES / Final answer: 1 = qu;@ x 100% = 13 11365_ 406 x 100% = 80%.

(b)(iii) 238283650 28O W29 B)cs

Sesem Bc3DS / Solution steps

223725 8E2)3 / Final answer: Eloss = Ein - Q = 16 406 - 13 125 = 3 281].
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(c)(i) Energy in kWh
Sese 8BS / Solution steps

8D23125) 8E2)3 / Final answer: Ein = 16 406 + (3.6 X 10°%) = 4.56 x 1073 kWh.

(c)(ii) Dese®
Sese BcDS / Solution steps
8c5dE 1/ Step 1 - Cost = 0.004557 X Rs.65 = Rs.0.296.

2D2322) BE5)S / Final answer: ~ Rs.0.30 (paper 625} tariff 29 Rs.65 per kWh 518 883232565 238 129).

(c)(iii) Efficiency 90% & 80 %® input energy
Seses 8BS / Solution steps

$de8r25) B H)S / Final answer: Ein,new = D—(?m =13 Tlpz% =14583].

(d) (i) 988 K23%)cs

Seses 8BS / Solution steps

8De3125) 8BEx)CS / Final answer: Esaved = 16 406 - 14 583 = 1 823 ].

(d)(ii) 240 W heater, 80% efficiency
Seses 8BS / Solution steps
8c5dD3E 1/ Step 1 - Puseful,new = 0.80 x 240 = 192 W.

3de322) 8E5)E / Final answer: tnew = 13 %g- =68.4s.

(d)(iii) Fan 2038230 G25) 6225

* Forced convection @23 ¢8523® Drggd @B B3 230e88&80s 20S incubator D2 29867 uniform temperature D292 GRIGE.

e Local hot spots/cold spots &8) z3 sensor reading &5 baby 03 2125 average condition 925 %36633e85)05 2RESD 2820
temperature control response 92 6d®»d53 BEOD 23208 ©d.

(e)(i) DrEB2 S G353 2723 438D 32522

Seses BsdDE / Solution steps
8i5dSE1/Step 1

Pevap = (%rtE)Lv

2D23125) 8E2)GS / Final answer: Pevap = 4 X 107 x 2.26 x 10°=9.04 W.

(e)(ii) 8BS #6293 conduction rate
Sese BcDS / Solution steps

8cdE 1/ step 1
p d= KAAT
cona = T

8562 /Step2 - AT=37-25=12K, L =6 mm=0.006 m.
853G 3 / Step 3 - Pcond = 0.8 x 1.5 X 12 + 0.006 = 2.40 x 103 W.

22372 8E2)3 / Final answer: 2.40 kW.

Reasonableness note: 8®® e®cs 180 W heater 9200 D8 92 da3es. &F %383y paper @23 simple full-area, glass-only steady-
conduction model &25 €3:@7 incubator design 2 %36c532525)65 ©62212EB DD 63615, 2311 B2 Eew double glazing/insulation,
smaller effective gradients 2326 convection resistances %182 S&. @25 G2 & e data 2329 requested formula 25)® 2.40 kW
BOGEes.

(I 1Sh]5) 2378)6® 239620665 / Related lesson summary

¢ Sensible heating: Q = mcAT.
useful

e Efficiency:n= TRput -

e Phase-change heat rate: P = mL.
* Plane-wall conduction: P = k—ALA—T

o Exam trap: useful heater power = rated power x efficiency; rated power 925 3®&523 %132 652EB3®.
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©R@1® / Sources
e 34269_2025-T - U, - Part V.pdf, U04, page 2 - specific heat capacity and Q=mcAT.
e 34269_2025-T - U, - Part V.pdf, U04, page 3 - latent heat concepts.
e Original paper 26-B-1.pdf, PDF pages 8-9 - incubator, efficiency, evaporation and conduction data.

J9710650 29 HHWDI® 2532 / Exam takeaway
Useful heat 13.125 kJ; original time 91.1 s; input 16.406 kJ; 90% insulation saves 1.823 KkJ; evaporation loss 9.04 W; stated glass model
gives 2.40 kW.

ggcdzs)cs 10(B) / Question 10(B)
Sascs 207 2310 3O 53DcS / Subject and lesson map

U11 Matter and radiation: electromagnetic radiation, c=fA, photon energy E=hf=£1§, intensity, power 2320 photon rate.

B350 Jeser @r18® B253c5® / Solution roadmap
e Wavelength Sl units 30 G f = —/Cr 2329 Ey = ll; HERBIS DEBIB).

e Sensor power 23€20) P = intensity X area; @2323¢3 Etotal = Pt G¢528%5525).

* Photon count/rate 83€29) total energy @203 power &2 2z photon GIBEE53 6535,
o Power 852 JO wavelength d1E8Se@23 photon energy 282 %3232 photon rate &% d2) DA ratio dezm 53 DS

BDOBIB.
G2® B2 &53) / Given
e 2, =550nm=550x107m.
e Sensorarea A=8cm?=28.0x10*m?
e Intensity S=1200 Wm™ time t=15s.
e h=6.63%x103]s ¢c=3.0x10°ms™.
e 62 wavelength A, = 700 nm; incident power unchanged.

(a) (i) Electromagnetic radiation es)gzsfé)ﬁfm

2865200 2329 propagation direction D200 GODD 6eiRBs A electric field 2s2n magnetic field @B 53 KB cs D2IGGS
HS%) ZDr1Sencs DO electromagnetic radiation &. Vacuum D@28 6d®cs ¢ D) 428 material medium D228 $d®S ©2)69.

(a)(ii) 8306D25225)¢8
Sesem Bc3DS / Solution steps
83dS1/Step 1
fo C

-x

83dG 2/ Step 2
f=3.0x10% + (550 x 107)

3de322) 8E5)S / Final answer: f = 5.45 x 10'* Hz.

(a)(iii) 25} photon 2925 25553 ¢5

Sesem Bc3DS / Solution steps
8561/ Step 1

Ey =hf= —};\E
8i3dG 2/ Step 2

Ey = (6.63 x 103* x 3.0 x 10%) + (5.50 x 107)

392322 8E5)S / Final answer: Ey =3.62 x 107,

(a)(iv) 15 s )€ sensor D20 CLEA B K2HBIcS
Seses 8BS / Solution steps
Incident power:

8c5dE1/Step1-P=SA=1200x%8.0x10"*=0.960W.

23de322) 8E5)S / Final answer: Etotal = Pt = 0.960 x 15 = 14.4].
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(b)(i) 15 s )€ photon 2300252
Sese 8BS / Solution steps

8cdE 1/ Step 1

Etotal .
N=—p— =144+ (3.62 x 10 19

823125 8E2)3 / Final answer: N = 3.98 x 107 photons.

(b)(ii) A = 700 nm &) 30 2 photon K255%3cs
Sesem Bc3DS / Solution steps
8c35dS1/Step 1

hc
Ey,2 =
YT
83dG 2/ Step 2

Ey,2 = (6.63 x 103* x 3.0 x 10%) = (7.00 x 107)

232372 8E25)3 / Final answer: Ey,2 = 2.84 x 1017].

(b)(iii) 325323650 RLED® photons é)z,ag PRe?
Sesem Bc3DS / Solution steps
Power unchanged ® photon arrival rate:

8596 1/ Step 1 - Ndot =Epy—.
8596 2/ Step 2 - At 550 nm:
8396 3 / Step 3 - Ndot, = 0.960 + (3.62 x 10) = 2.65 x 108 s,
8596 4/ Step 4 - At 700 nm:
8596 5/ Step 5 - Ndot, = 0.960 + (2.84 x 101%) =338 x 101851,

202312 BE2)3S / Final answer: d18) photons 238185525 C16&. Rate D2 %-gg— =1.273 Q&5c5255, DB 27.3% D53

2085 D18 6. 652D 81 wavelength D625 D255 photon 258 cs &) HOB.

(c)(i) Satellite 2382 &cS D28 22

e Atmosphere absorption/scattering €325 local weather &3 @R231® 28@d33 top-of-atmosphere radiation 838258855 €,
.

o J5aE 0 36l 235 EQ 203 361236 BNDB) BNDB), @15 63E8 BIcS N1

* Remote/global coverage ®&»3 ground stations 627@12 25393 2829 WS Yedne BEZBEE WE .

(c)(ii) Sensor surface 888¢, 2325 Sun-aligned ) 536253 &1 H?

e Dust/contamination incident radiation absorb/scatter 233 effective intensity 3&9 calibration &8) 2058.
e Sensor normal ®2 radiation direction ®20 591388 align 208 8O projected area A cos 8 d2) %323 measured power

3.
(c)(iii) Detected solar energy 236805 ) 2325)78¢5
Sese 8BS / Solution steps

85896 1/ Step 1 - Total received power P = SA (normal incidence). Time t 2)€ total energy Etotal = SAt; monochromatic radiation
g3ean) total energy &2 wavelength @2 232250 6@x)ed ©2)68, intensity €32 area 53652 ).

8c5DE 2/ Step 2 - D23 photon D@2 energy Ey =k;f—; @133 photon rate:

23de322) 8E2)G / Final answer: Ndot = "EPV = SAA = (ho).

&f %3235 intensity @end area & € O power, total energy 8325 photon rate 23@12)235208 &) 69. Power H2) 53c55)D
wavelength & 2 80 &2 photon energy 283 photon count/rate &) 9.

222€ 370G 2326204 ¢S / Related lesson summary
e c=fA
_ .. hc
e P =intensity X area; Etotal = Pt.
e N= ETt(:);_al; fixed power cs0®z3 Ndot « A.

o Exam trap: cm? -> m? 8898556E€ 1 cm? = 104 m?
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©R@1® / Sources

34311.2025- T - Uy, - Part Lpdf, U11, page 1 - electromagnetic/thermal radiation foundation.
34312_2025T-U,,-Part,.pdf, U11, page 23 - photon energy and wavelength-based calculations.
Original paper 26-B-1.pdf, PDF pages 9-10 - sensor area, intensity, wavelength and satellite prompts.

J9710650 29 HHWDI® 2532 / Exam takeaway
f=5.45 x 10'* Hz, Ey(550 nm)=3.62 x 101?], sensor power 0.96 W, 15 s energy 14.4 ], photon count 3.98 x 101%; at 700 nm photon
rate increases by 27.3% when power is unchanged.

2De315) 8E5)G1 239620@¢S5 / Final numerical summary

Q5: tL=12 500 N m, tcrew=12 000 N m, Fhyd=8.17 kN, Puseful=2.36 kW, Pinput=2.95 kW, F;=16.3 kN, small-piston force 1.09
kN.

1 .
Q6: v;=8.33 cm, m=—7, hi=7.50 cm, v,=8.57 cm, sensor shift 2.38 mm away from lens.

Q7: Q=3.84 x 10° m® s, v=0.80 m s™, viscosity-change increase 25%, half-radius flow —1%- APnew=3.2 MPa.

Q8: E=2000 Vm, F=8 uN, W=1.2 pJ, lavg=3 mA, stored/discharge energy 0.045 J.

QI(A): Idry=4.6 mA, Iwet=115 mA, Pwet=26.45 W, E;.2s=5.29 ], model dry time 7.5 s, step voltage 300 V, step current 0.20 A.
Q9(B), corrected 150 Q: IC=40 mA, Pcoil=0.24 W, VCE=6V, IC,new=50 mA, RB=10.75 kQ, Imotor=2 A.

Q10(A): Q=13.125 k], t=91.1 5, Ein=16.406 k], Eloss=3.281 k], Esaved=1.823 k], Pevap=9.04 W, Pcond=2.40 kW.

Q10(B): f=5.45 x 10'* Hz, Ey=3.62 x 10™?], P=0.96 W, E;ss=14.4 ], N=3.98 x 10'?, at 700 nm Ey=2.84 x 10*°].

® 2525 BB 32325 3825890 eu%ed’zsgé) / Numerical-answer checklist

©282052) quantity Oz 8320 D expected Sl unit D2 @823 0e1NHBIB).

G & B s e53B Sl units DO B88DEBBIS S B5); cm?, mm, nm, mA, kQ 1253 prefixes JewBens s’ 38258
WDOBIBY.

182 2382 physical principle &2z 3e223 208 formula 2z symbols D323 Bess3m.

D@5 5O formula Oz algebraically rearrange 23 @383 values €320 units 268® 2E55.

Intermediate value ®z925 )& calculator rounding 232812 8cd6 ez 2@ c@BIH.

Final answer ®25 unit, direction/sign 2320 ¢3&g4 significant figures 83®@ box E535).

Dimensions, sign, limiting case @23 order of magnitude &2 £33 203 answer d25 reasonableness check 23232).

6®® 325)6cS 62318 eI traps / Common traps in this paper

Moment 23e23 sloping distance 2)® perpendicular distance $382) 32552).

Lens calculation ®202% sign convention 356@@ 68528 62528 55®).

Poiseuille flow &3 radius fourth power 925 @525 65IZEBI5).

Capacitor discharge 8292 voltage 23652 6518 625)88EBI5).

RCD threshold comparison &z real-world safety guarantee 225 6323 35286 2535).
Transistor current gain result &2z load-line/saturation limit 2@ #8301&56253 8323€2535.
Heater efficiency calculation ®z2% rated power 2329 useful power 635328 B LBI®).

Fixed power 50@23 wavelength &2 &2 30 &2 photon energy 388 photon rate &8 @d.
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