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NEWTON’S LAWS

QUESTION 1
1.1 When a resultant (net) force acts on an object, the object will accelerate in the direction of the force

with an_acceleration which is directly proportional to the force v" and_inversely proportional to the

mass of the object.v’ (2)
1.2

T2 v
Accepted labels
w Fg/ Fuw/ force of earth on block / weight / 49 N / mg /
gravitational force
w v T2 | Tension 2/ Fa/ 250 N/ Fr2/ Fapp
T4+ | Tension 1/ Ft1/Fp
3)
1.3 Tv Fret=ma v
For 5 kg block:

T2+ (-mg) + (-T1)=ma

250 — (5)(9.8) —Tw'=5a

201 -T1=5a

T1=201- 5a...... (1) ) vfor either 5a or 20a

For 20 kg block:

T1+ (-mg) = ma......,

T1+[-20(9,8)] v = 20a

5=25a .. a=0,2m-s2upwards

.. T1=201-5(0,2)v=200Nv  ORTq1=20(9,8) +20(0,2) v =200 N v (6)
14 Qv (1)

[12]

QUESTION 2

2.1 When body A exerts a force on body B, body B exerts a force of equal magnitude v in the opposite

direction v'on body A.

()

Accepted labels

Fq/Fw/force of earth on block / weight / mg / gravitational force

2.2
Zoid N,
w
fv N | Normal force/Fn
T T | Tension/ Fr
v
W Fa | F/ Fapplied/40 N
f | Frictional force / F¢
231 OPTION 1/0PSIE 1 232
For the 1 kg block/Vir die 1 kg blok;
fi. = WkN
=y, mgcosoy’
=0,29 (1 x 9,8 cos 30°) v
= 246 Nv
OPTION 2/0OPSIE 2

BY PROPORTION:/DEUR EWEREDIGHEID

The smaller mass = Vi of the larger mass+’

Die kleiner massa = v die groter massa

- frictional force/wrywingskrag = ¥ (10) v/
=25Nv

@)
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()

Fnet =mav¥

For 1 kg block!/Vir 1 kg blok
Ea—{{T+f) + mgsinB} = ma
40— {T + 2,46 + 1(9,8)(sin30°)}v={1 x)a v
40-T-736=a
3264 -T=a........ (1)
For 4 kg block!/Vir 4 kg blok
T —(mgsing +f,)=4a
T—(4x9,8sin30% + 10) = 4av
T-296=4a.......(2)
From (1) and £2‘,|.'Vanaf {1) en (2)

a=061ms
T=296+ (4(0,61) v (6)
T= 32,04 Nv [16]
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QUESTION 3
3.1
oo N Accepted labels
¢ w | ¥ | Fg/ Fw/ weight/ mg/ gravitational force
T T | ¥ | Fr/tension

F | ¥ | Fa/Feo/ 60 N/ Fappied / Ft/

N| v |[Fn

f v | Fs

w
()

3.2.1  Feoy = Feo sinB Fsoy = FsocosO

3.2.2 Feox = Feo cosO Feox = Feosin® v
Feox = 60cos102 OR Feox = 60sin80°
=59,09N v
3.3 When a resultant/net force acts on an object, the object will accelerate in the direction of the force
at an acceleration directly proportional to the force v and inversely proportional to the mass of the
object. v
3.4 N = mg — Fesoy } OR Fy+N=w }/
N ={5(9,8)-10,42} v N=w-Fy=mg-Fy
=38,58 N v =[(5)(9,8) — 10,42]
= 38,58 N v
3.5
Fret = ma v’ OR T-m2g=maa OR T-2(9,8)=2a
T-196v=2a....ccccccevvvirinnnnnn. (1)
Feox=(f+ T) = mea
60cos10° — (f+ T) = 5a. 4 OR 60 sin 80° —[f +T) = 5a
60cos10° — [(UkN) v +T)] = 5a
59,09 — (0,5x38,58) -T v=5a
39,8—-T=5a.cccccccvrernnnnen. (2)
a=2,886 ms?
T-19,6=2(2,886)v ..T=2537NV
OR From equation (2): T = 25,37 N
OR T-196=2a.........ccevinnnns (1) x5
59,09-19,29 - T=5a...... .(2)x2
7T—-1776=0v .. T=2537NV
QUESTION 4
4.1.1  When body A exerts a force on body B, body B exerts a force of equal magnitude v in the opposite
direction v'on body A.

41.2 | For2,5kg block OR Fret = ma }/ OR Fret = ma }/
T=mgv T-mg = (2,5)(0) mg - T = (2,5)(0)
~T=(2,5)9,8) v T-(25)98)v=0 (2,5)(9,8)-Tv =0

=24 5N v T=245NV T=245NV

4.1.3 OR
For mass M: fs = usN v . N =%’25§= 122,5N usN v = usMg

’ V= v v
N=Mg=1225N oo M(9,8)=1225N v M2=4’152,5 kéo'/z) M(9.8)
S M=125kg v
4.1.4 Forthe 5 kg block: For the 2,5 kg block:
fk = ukN w—-T=ma
f« = (0,15)(5)(9,8) v=7,35N (25)98)-T=25av ..1715=7,5
Fret = ma sa=229ms?2v
T-fk=ma

Feoy = 60sin10°
=10,42 NV

OR Fesoy = 60cos80°

~IT-735=56av
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(7)
[20]

()

@)

(5)
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4.2
F_gMmz
2
r v
-11 20
F = (06710 )(65x107)90) _ 4590 N (12,899 N)
(550 x103)2 v
OR
Gm
_ (6,67><10’11)(6,5><1020)\/ Any one
(550 x 10%)2
=0,143..m-s?
w =mg
= (90)(0,143..) v = 12,89 N v' (downwards) (Accept 12,6 N - 12,90 N) (4)
[19]
QUESTION 5
5.1.1 For the 5 kg mass/Vir die 5 kg massa:
T-f =ma
T - gg(mg) = mav’
T-(0.4)(5)(9.8)v =5av......... (1)
For the 20 kg mass/Vir die 20 kg massa
mg—-T=ma
200(98)-T=20av.......... (2)
176,4 = 25a (M+(2)
.a=7,06 (7,056) m's v (5)
5.1.2 OPTION 1/OPSIE 1 OPTION 2/OPSIE 2
Vi © = vi° + 2aAyY’ The 5 kg mass travels as fast as the 20 kg mass
=0v + (2)(7.,056)(6)v Die 5 kg massa beweeg net so vinnig soos die 20 kg massa
vi =9.20ms’Y Whet = AKY
(5)(7.056)(6c0s0%)¥ = ¥4(5)(vi* - 0)v
vi =920m's’v (4)
513 6mYv )
5.2.1 Each body in the universe attracts every other body with a force that is directly proportional to the
product of their masses v"_and inversely proportional to the square of the distance between their
centres. v’ 2)
522 _ {3r|'|;rn2 v

Physics Revision Book: Answers

r
On the mountain/Op die berg

_ (B67x107")(5,98 x10%)(65) ¥
T (638x10°+6x10°) v
=627.2N

On the ground/Op die grond (BBT*107)(5,98 x10%)(65)

Fy =W =mg Fs (6,38 x10°)*
= (65 x 9,8)v | _—~=63694N

=637TN

Difference/Verskil = (637 — 627,2)v
=0,8 Nv

(6)
[18]
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QUESTION 6
6.1 A body will remain in its state of rest or motion at constant velocity v unless a resultant/net force v
acts on it. (2)
6.2 0 (N) /zero (newton) v/ (2)
6.3 TV ﬂ;T
Accepted labels
OR w Fg/ Fw/ weight / mg / gravitational force
T Fr/ tension
15N | Fa/Fisn/ Fapplied/ Ft/ / F
w v
W Y
15N v v 15N
(3)
6.4 2 kg block 10 kg block
Fret = ma T+ (-fk) = ma
Fa+ Fg+ (-T) =ma v T-puN=ma }/
Fa+ mg+ (-T) =ma T - yxmg = ma
[15+(2)(9.8)-T] v =(2)(1,2) vV 32,2 - (uk)(10)(9,8) v = (10)(1,2) v
T=322N LMk =021V (7)
6.5 Smaller than v/ (1)
6.6 Remains the same v
The coefficient of kinetic friction is independent of the surface areas in contact. v/
OR: The coefficient of kinetic friction depends only on type of materials used. v’ (2)
QUESTION 7
71 When a resultant/net force acts on an object, the object will accelerate in the (direction of the
net/resultant force). The_acceleration is directly proportional to the net force v'and inversely
proportional to the mass v'of the object. (2)
7.2 fc = ukN v'= pukmg = (0,15)(3)(9,8) v = 4,41 NV (3)
7.3 A
Nv Accepted Labels
w Fg4/ Fw/force of earth on block / weight /14,7 N /
f v mg /gravitational force
N Fn / Frormal/ normal force
T T | Tension/Fr
fi fkinetic friction / f / F / Kinetic friction
WY’ 25NV 25 N | Fapplied/ Fa/ F
v (5)
7.4.1 OPTION 1 OPTION 2
fc = kN = pk(25sin 30° + mg) fk = ukN = px(25cos 60° + mg)
= 0,15[(25sin30°) v" + (1,5)(9,8) V] = 0,15[(25c0s60°) v" + (1,5)(9,8) V1]
=4,08 N v =4,08 N Vv (3)
7.4.2 For the 1,5 kg block
Fret = ma
Fx + (-T) +(- fk) = ma
25cos 30°—T —fk = 1,5a
(25 cos 30°—T)—4,08 v=1,5a
17,571 -T=15a .......... (1)
For the 3 kg block veither one
T-fk=3a
T-441v =3a 7 .......... (2)
13,161 =4,5a .. a=2925ms? and T=13,19N Vv (13,177 N-13,19 N) (5)
[18]
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QUESTION 8
8.1.1 N -
Accepted labels/Aanvaarde benoemings
F w Fo/Fu/weight/mg/gravitational force v
f Fo/Fu/gewig/mg/gravitasiekrag
— f | Friction/F#f/3 Niwrywing/F, v
N | Nomnal (force YF nomal/F/Fnomaal F reactonireaksie | ¥
W F | Fa/Fapgliedioegepas B v
812 fi=wNVY
3=(02)N v
N=15N+v
8.1.3
Fnet =ma
N+ Fvet-w =0 } v Any one
N+ Fet=w
Fsin20° v'= (2)(8.8) = 15 v
F=13.45Nv
8.14

Fret = ma
Fcos 200 —f=maf ¥ Anyone

13.45¢c08209 — 3 = 2av
a=482m.s2v

FS/2024

(4)

©)

©)

8.2.1 Each body in the universe attracts every other body with a force that is directly proportional to the
product of their masses v'and inversely proportional to the square of the distance between their
centres. v 2)
8.2.2 Increases v
Gravitational force is inverely proportional to the square of the distance between the centres of the
objects. v’ OR Foci2 (2)
r
[18]
QUESTION 9
9.1 0 N/zero v )
9.2 N
Accepted labels
fi w Fo/Fw/weight/mg/gravitational force/N/19,6 N
f Frriction/ F/friction/fi
N Fn/Frormal/normal force
Deduct 1 mark for any additional force.
w Mark is given for both arrow and label @)
9.3.1 Fret = ma
fi - mgsind = 0 } v 1 mark for any of these
f« = mgsin6
fk = (2)(9,8) sin7° v .. k=2,39N v (2,389) N (3)
9.3.2 fi=pN ] }‘/ any one
= PJkmgcos?
2,389 = uk(2)(9,8)cos7° v .. uk=0,12 v (3)
9.3.3 Fnet=ma OR -fk=ma OR ukN=ma v
- l(mg) = ma
-(0,12)(2)(9.8) v=2av .. a=-1,176 mss? (-1,18)
v = vi2 + 2aAx
0=(1,5)2+2(-1,176)Axv" ..Ax=0,96 m .. Distance = 0,96 mv’ (5)
[15]
QUESTION 10
10.1.1 An object continues in its state of rest or uniform motion (moving with constant velocity) unless
it is acted upon by an unbalanced (resultant/net) force.v'v/ (2)
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10.1.2 F
Accepted labels
w Fy/ Fw/weight/mg /78,4 N/gravitational force
fi F Fapp/Fa / applied force (Accept T / tension)
fi (kinetic) friction/Fi/f/F,,
N Fn/Normal (force)/ 67,9 N
v (4)
10.1.3 Fret = ma
Fret=0 OR
F+(-f) + (-Fg) =ma [ Y/Any one F-20,37v -39,2v =0V
F- (fc + Fai ) = ma F=5957NVv
F - 20,37v - (8)(9,8)sin30°v' =0 v ..F=59,57 N v OR
OR F ={20,37 v + (8)(9,8)sin30°v}v'
F - 20,37v'- (8)(9,8)cos60°v =0 v ..F=59,57 N v (5)
10.1.4 | OPTION 1 OPTION 2
Fret = ma Fret = ma
(Fg - fk) = ma (f« - Fgn) = ma
(8)(9,8)sin30° - 20,37v =8a v 20,37 + [-(8)(9,8)sin30°]v" = 8a v
~magnitude a = 2,35 m's2v’ ~a=-2,35m-s?
~ magnitude a = 2,35 m-s2?v 4)
MOTION OF BLOCK MOVING UP PLANE IMMEDIATELY AFTER FORCE IS REMOVED:
OPTION 1 OPTION 2
Downward positive Upwards positive
Fret = ma Fret = ma v
(Fqy + fk) = ma (Fgu+ fk) = ma
(8)(9,8)sin30° + 20,37v' =8a v -(8)(9,8)sin30° — 20,37 v =8a v
~magnitude a = 7,45 m-s2v ~a=-7,45m-s?. magnitudea=7,45m-s2v 4)
10.2.1 Each body in the universe attracts every other body W|th a force that is directly proportional to the
product of their masses v" and inversely proportional to the square of the distance between their
centres. v/ (2)
10.2.2 | OPTION 1 OPTION 2
g _ GLV' v F=G m;mZ
L, r . GmM v'Any one
_(667x107 )M mg = 2
(700x10%)2 (66710
B )(200)M, .y o 2 kg v
= 22 2 ~M=4,41x10%k 4
M = 4,41 x 1022 kg v 00)6)= 700:10°)2 9 [(21)]
QUESTION 11
11.1  An object continues in its state of rest or uniform motion (moving with constant velocity) unless it is
acted upon by a resultant/net force.v'v’ (2)
11.2 N
Accepted labels
w | Fg/Fw/weight/mg/gravitational force | v/
K T f | Friction/Fi/fc /27 N v
= = N | Normal (fOfCG)/FnormaI/FN /Freaction v
T | Fr/tension v
w (4)
11.3 Object Q: Object P:
Fret = ma v
Fret=0 Fret = ma
T+ (fk) =ma Fror— (fk +T) =mav
T-3v =0v (Fcos 30°)-5-3=0v
T=3N F= 9,24 Nv (9,238 N) (6)
114 3sVv (1)
115 YV
Graph Y represents motion of Q after the string breaks and shows a decreasing velocity v'with a
negative acceleration, v because the net force (friction) on Q is in opposite direction to its motion.v"  (4)
[17]
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QUESTION 12
12.1  The rate of change of velocity. v'v/ (2)
122 Ay = vidt + Vo aAt?v
05=(0)3)+% (a)33) v ~a=0,11ms2v (3)
12.3  For the 3 kg mass:
Frete=maOR(mg-T)/(mg+T)=mav ~(3)98)-T=(3)011)v ~T=29,07NV (3)
12.4
N Accepted labels
fv T w | Fg/ Fw/ weight / mg / gravitational force | v/
D " f | Friction/ Fr/fc/ 27 N v
N | Normal (force) / Fnormat / Fn//Freaction v
w T | Fq/tension v
(4)
12.5 For P: OR
Fret =ma For P:
T-f=ma v Fret=ma
2907 - 27 = m(0.11) v T-f=ma [ Y
m = 18,82 kg v* (Range: 18,60 — 18,82) 29,72 -27=m(0,11) v = m=24,73 kg v (3)
[15]
QUESTION 13

13.1  When a (non-zero) resultant/net force acts on an object, the object will accelerate in the direction of
the force with an acceleration that is directly proportional to the force and inversely proportional to the

mass of the object. v'v' (2)
13.2 \I%
TV Accepted labels
v N | Fn; Normal, normal force v
f | Fi/ fk/ frictional force/kinetic frictional force v
w_| Fg; mg; weight;Fearth on block;FW / 78,4 N v
T | Tension; Fr/Fa, F /16,96 N v
wv’ (4)
13.3.1 The 2/8 kg block /system is accelerating. v/ (1)
13.3.2 For 2kg:
= Fret=ma .. mg+T=ma
Fret ma v Any one B -
mg -T= ma (2)(-9,8) + T=2(-1,32) v ~-T=16,96 NV
(2)98)-T=2(132)v ~T=16,96 NV (3)
13.3.3 Fret=ma
Tcos15° - f=ma v'any one
Tx= Tcos15°
= 16,96 cos15° = 16,38 N (16,382 N)
16,382 —f v/ =(8)(1,32) v' ~ f=5,82 N (to the left) v’ 4)

13.4 ANY ONE
Normal force changes/decreases v/
The angle (between string and horizontal) changes/increases.

The vertical component of the tension changes/increases. (1)
135 YesVv
The frictional force (coefficient of friction) depends on the nature of the surfaces in contact. v/ (2)
[17]
QUESTION 14
14.1.1 NV,
Accepted labels
f% N | Fn/Normal/normal force v
f | Fdfdfrictional force/kinetic frictional force v
w | Fg/mg/weight;Fw/gravitational force v
v
Tv F | FA/90 N/Feo
wv' 4)
14.1.2 Since it is moving at constant speed, the acceleration is zero/ the net force acting on it is zero. v/ (1)
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14.1.3
Fret = ma OR Fnet = ma
Fret =0 v any one Fret =0 v any one
Fu= f y Fu= f y
Fx—f=0 Fx—f=0
Fcos 40°-f=0 Fcos 320°-f=0
90cos40°—f=0 Vv 90 cos 320° —f=0 vV
f=68,94 N Vv f=68,94 N Vv
3)
14.1.4 | OPTION 1 OPTION 2
Vi = Vi + aAt Fret.At = Ap 4
2=0v+a3) v Fcos 40° v- (68,94) v(3) v=15(2-0) v
a=0,67 ms? F=103,11 NV
Fret=ma v
Fcos40° v— 68,94 v = 15 (0,67)
F =103,11 N v (103,05 N — 103,11N) (6)
14.2 OPTION 1 OPTION 2
w =mg
F=Gm1_r2nz‘/ 20 = (10)(a)
r g=2m-s2 v Any one
20"= (6,67><10'”)mp'L(102) v g=SM
(6x10°) R?
Mptanet = 1,08 x 1022 kg v/ _(667x10™"M L,
(6% 105)2
M = 1,08 x 1022 kgv’ (4)
[18]
QUESTION 15
15.1 When a resultant/net force acts on an object, the object will accelerate in the direction of the force with
an acceleration that is directly proportional to the force v and inversely proportional to the mass of the
object. v/ (2)
15.2
N
T
Accept the following symbols
f N v Fn/Normal/Normal force
Fv F+ /fk /frictional force/kinetic frictional force
w v Fg/mg/weight/Fearth on biock/ 19,6 N/gravitational force
W Tv | Tension/Fr/Fa/F
(4)
15.3 For the 2 kg block:
Fret = ma
T +(- wi)+(- fk) = ma v'Any one
T — (witfk) =ma
T -(2)(9,8)sin30°v —2,5v =2a v
T-98 -25=2a
T-123=2a.......... (1)
For the 3 kg block:
Fx + (-T) +(- wi) = ma
Fx— (T + wi) = ma
[40 cos 25°v — T — (3)(9,8)sin30°v] v = 3a
36,25-T—-14,7 =3a
2155-T=3a............. (2)
9,25=5a ~a=1,85m=s2v (8)
154  Greater than v/

Fret increases. v’

Physics Revision Book: Answers
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QUESTION 16
16.1  The perpendicular force exerted by a surface on an object in contact with the surface. v'v/ (2)
16.2 Fapplied N
f T
w
(5)
16.3 For the 20 kg: 16.4.1 Decreases v (1)
Fret = ma v .
T—f—Fac=ma 16.4.2 Velocity decreases v/
T—-5-3500840° v =0 v Accelerates/Net force to left v'v/
T=3181N OR _
As the tension decreases, the net
For fc?rce/gcceleratign acts in the opposite
Frot = Ma direction of motion /to the left. v'v/ (3)
mg—-T=ma
m(9,8)-31,81 v =0
m=3,25kg v
(5)
[16]
QUESTION 17
17.1  When a (non-zero) resultant/net force acts on an object, the object will accelerate in the direction of
the force with an acceleration that is directly proportional to the force v" and inversely proportional
to the mass of the object.v OR
The (non-zero) resultant/net force acting on an object is equal to the rate of change of momentum
of the object in the direction of the resultant/net force. (2)
17.2 N Acceptable labels
N Fn/Normal/normal force v
T E - f  Fefi/frictional force/kinetic frictional force v
" w Fg/mg/weight/Fuw/gravitational force v
j
F  Fa v
W T Tension v (5)
173 |8kg 2kg
Fret = ma v OR Fret = ma v OR
Fret=0 OR Fret =0 OR
F-(f+T)=ma T-w=0
296-10-T=0v ||T—-(2)9,8)=0V
T=196 NV T=196 NV
(3)
17.4.1 |8 kg 2 kg
Fret = ma v OR/OF Fret = ma
F—(f+T)=ma T-mg=ma
50-10-Tv=8aVv T-2(9,8) v=2a
40-T=28a a=204ms2v
(5)
17.42 11 _2(9,8) = 2a 40-T=8a
T-19,6=2(2,04)v OR T=40-8(2,04) v
T=2368NV T=2368NV @

Physics Revision Book: Answers
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QUESTION 18
18.1 A body will remain in its state of rest or motion at constant velocity unless a non-zero
resultant/net force/unbalanced force acts onit. vv" OR
A body will remain in its state of rest or uniform motion in a straight line unless a (non-zero)
recultant/nat hinbalanced force acts on it. v'v/
182 N 7 Acceptable labels
Fn/Normal/normal force
frictional force/kinetic frictional force
F¢/mg/weight;Fw/gravitational force
Fa / Applied force
Tension

—ATns >z
ANENENENEN

w

18.3 Positive up the incline

Fret =ma v OR

F+ fkx + wi = ma OR

F - [18 + (20)(9,8)(sin30°)] v =0 v

F=116 N v

OR

Whet = AEK v

FAxcos0° + fAxcos180° + wAxcos120° v'=0 v
FAx = 18Ax + (20)(9,8)Ax(0,5)

F=116 N v

18.4
18.5

116 N / f + w|| v Down the incline/opposite to direction of motion. v/

FS/2024

(4)

(4)
()

Whet = AEk v OR
FretAxcos® = ¥om(vi? - vi2)

Up the incline positive
Fret = ma

-116 =20a v

a=-580 ms?

viZ = v2 + 2alAx v
0=(2)2 + (2)(-58)Ax v OR
Ax=0,34mVv

Ax=0,34m Vv

116)Axcos180° v'= %4(20)(02 — 22) v/
(116) (20)( )

(4)

QUESTION 19
19.1

force/unbalanced force acts on it. v'v/
19.2

T N Acceptable labels

N Fn/Normal/normal force 4
f Fi/fi/frictional force/kinetic frictional v
force/300 N
Fo/mg/weight/Fuw/Fearth on man/gravitational
force/686 N

Tension/Frension/F1/Fs v

OPTION 2
Whet = AK v/

\

193 OPTION 1

Fret=ma v’

[16]

A body will remain in its state of rest or motion at constant velocity unless a (non-zero) resultant/net

()

(4)

Tcos50° - Ff=ma
Tcos50°-300 v =0V
T=466.72N v

TAxcos0° +fAxcos180° =0 v
Tcos50°-300 v =0
T=466.72N v

19.4 Increases v’

Fret increases / Fret is not zero / Tx > f/ Tcos50° > f v/

19.5

OPTION 1

vf = v} + 2aldy
0 =162 + 2a(0,8) v
a=-160m:-s2

Fpee =mav
F,—FE, =ma

Fp = —679,20 N
Fup = 679,20 N v

DOWNWARDS POSITIVE

H9.8) — FpY = (4 (-160) v

OPTION 2

UPWARDS POSITIVE

vf = vf + 2aly
0 = (=16)2 + 2a(~0,8) v
a=160m-s2

Fpee =mav

-+ F,=ma

-(1)(98) + F,v = (49)(16
F, = 679,20 N v

|
The acceleration in
options 1 and 2 may also
be calculated with other
equations of motion.

0)v
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OPTION 3 OPTION 5
Wnef:AK‘/l Ay = v; + vy
FppiAxcos® = Emvfz - Emviz <16 A 0) t
1 ,0 =

(4)(9,8)(0,8)cos0° v + F,,(0,8)cos180° v = > (4)(0 —16%)v Af = 01 52
Fyp = 67920 N v '

FnetAt = Ap v
OPTION 4 [(4)(9,8) v — F,,](0,1) v = (4)(0 — 16) v
W, = AK + AU v F,, = 67920 N v

_1 2 _ 2 .
F,pAxcos® = zm(vf v?) + mg(h;s — hy)

1
Fup(0,8)cos180° v == (4)(0 — 16%) ¥ + (4)(9,8)(0 — 0,8) ¥
Fyp=67920N v

()

7]
QUESTION 20
20.1  When a resultant/net force acts on an object, the object will accelerate in the direction of the force.
The acceleration is directly proportional to the resultant/net force and inversely proportional to the
mass of the object. v'v' OR
The resultant/net force acting on an object is equal to the rate of change of momentum of the
object. (2)
20.2 N
Acceptable labels
w Fyo/mg/weight/Fw/Fearth on p/gravitational v
force/12,25 N
f < » T T F1/Fsting/ Tension/Frension v
f F/fi/(kinetic) friction/frictional force/kinetic v
frictional force/1,8 N
N  Fn/Normal/Fnormai/normal force v
w (4)
20.3.1 |FOR P: RIGHT AS POSITIVE | |FOR P: LEFT AS POSITIVE
Fpet =mav Fpet =mav
T+ f=ma T+f=ma
T+ (-18) v =(,25)(00,1) v T+ (+1,8) v = (1,25)(-0,1) v
T=1925NV T=-1925NV )
20.3.2
FOR Q: RIGHT AS POSITIVE FOR Q: LEFT AS POSITIVE
Fopet = ma Free = ma
Fcos®+T + f =ma Fcos®+T + f =ma
7,5¢0s0 4+ (—=1,93) + (=2,2) v = (2)(0,1) v —7,5c050 + (+1,93) 4+ (+2,2) v = (2)(=0,1) v
0 = 54,74° v (Range: 54,55° — 54,78°) © = 54,74° v (Range: 54,55° — 54,78°) (3)
[13]
QUESTION 21
217 I DOWNWARDS AS POSITIVE  UPWARDS AS POSITIVE
vi =vi + 2aly v v = vi + 2aly v .
3,412v = 02 + 2a(1,5)v (=3,41)2v = 0% + 2a(—1,5)v 22&??@212; g
a=388m:-s? a=-3,88m-s? y ’
~a=388m-s7? | 3)
21.2
T

Accepted symbols
B w v | Fo/Fw/weight/mg/gravitational force/Fearth on block/ 73,5 N
TV Tension/Frension/F1/F
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21.3  When a resultant/net force acts on an object, the object will accelerate in the direction of the force
with an acceleration that is directly proportional to the force and inversely proportional to the mass
of the object. vv OR
The resultant/net force acting on an object is equal to the rate of change of momentum of the object
in the direction of the resultant/net force. (2)
214 Fpee =ma v Fpee = ma
mgg — T = mga T —mg =ma
(75)(9.8) —Tv =(7,5)(3,88) v 444 —98m = 3,88m v
T =444N m=325kg v (5)
215 [oPTION 1
UPWARD AS POSITIVE DOWNWARD AS POSITIVE
vf = v} + 2ady v v} = v} + 2ady vV
0% = 3,412 + 2(—=9,8)Ay v 0% = (=3,41)*v + 2(+9,8)Ay v
Ay =0,59m Ay = —-0,59m
Maximum height = 0,59+ 1,5v Maximum height = 0,59 + 1,5 v
=209mv =209mv
OPTION 2
UPWARD AS POSITIVE DOWNWARD AS POSITIVE
vr = v; + alt vy = v; + alt
0 = 3,41 + (—=9,8)At 0 = —3,41 + (+9,8)At
At = 0,348 s At = 0,348 s
1 1
Ay = viAt + EaAtz v Ay = v At + EaAtz 4
= (3,41)(0,348)v + % (—9,8)(0,348%)v = (-3,41)(0,348)v + % (+9,8)(0,348%)v
=0,59m =—-0,59m
Maximum height = 0,59 + 1,5 vV Maximum height = 0,59 + 1,5 vV
=2,09mv =209mv
(5)
[17]
QUESTION 22
221 When a resultant/net force acts on an object, the object will accelerate in the direction of the force.
The acceleration is directly proportional to the resultant/net force and inversely proportional to the
mass of the object. v'v' OR
The resultant/net force acting on an object is equal to the rate of change of momentum of the object
in the direction of the resultant/net force. (2)
22.2
N
T Accepted labels
N Fn/Normal/Fnormal
f (kinetic) friction/F+/fi/5,88 N
w Fo/Fw/weight/mg/gravitational force/39,2 N
f T F1/Fsting/tension
w
(4)
22.3.1 | For block A
Up the incline positive
Fpee =ma v’
T+ f+wye =ma
T — 5,88 — (4)(9,8)(sin35°)v = (4)(2)V
T =36364N VY
(4)
22.3.2 | For block B
Up the incline positive
Frer = ma
T+f+wy +F=ma
—36,364 — 13,23 — (9)(9,8)(sin35°) + Fv = (9)(2)v 3)
T =118,18 N v
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22.4.1 Increase v (1)
22.4.2 As 6 decreases, the normal force increases. v’
The frictional force is directly proportional to the normal force. v ORfa N /f=uN (2)
[16]
VERTICAL PROJECTILE MOTION
QUESTION 1
1.1 Motion under the influence of the gravitational force/weight ONLY. vV (2)
1.2 OPTION 1
Upwards positive: Downwards positive:
Ay = ViAt + Vo aAt? v Ay = viAt + Vo aAt? v
0v =15At+ % (-9,8) At2 v 0v =-15At+%(9.8) A2V
At=3,06s - lttakes 3,06 s v At=3,06s -~lttakes 3,06s v
OPTION 2
Upwards positive: Downwards positive:
vi= Vi t+aAt v vi = vi+ aAt v
0v =15 +(-9,8)At v 0v' =-15 +(9,8)At v
At=1,53s At=1,53s
It takes (2)(1,53) = 3,06 s v It takes (2)(1,53) = 3,06 s v (4)
1.3 Upwards positive: Downwards positive:
vf2 = vi2 +2aAy v vf2 = vi2 +2aAy v
For ball A For ball A
0=(15>v +2(-9,8)Ay v ~ Aya=11,48m 0=(-15)>v +2(9,8)Ayv . Aya=-11,48 m
When A is at highest point: When A is at highest point:
Ays = ViAt + V5 aAt? Ays = ViAt + V2 aAt?
=0+%(-9,8) (1,53)?2 vV =0+%(9,8) (1,53)? vV
Aye =-11,47 m . Ays = 11,47 m downward Ays = 11,47 m =~ Ays = 11,47 m downward
Distance =ya+ys = 11,47 + 11,48 v Distance =ya+ys = 11,48 + 11,47 v
=22,95m v =2295mv (6)
14 UPWARD AS POSITIVE DOWNWARD POSITIVE
4
1 15
> o 0 >
t (s) é 1,53 3,06 t(s)
>
-15
Marking critexia
Graph starts at correct initial velocity shown. | v/
Time for maximum height shown (1,53 s). v
Time for return shown (3,06 s) v
Shape: Straight line extending beyond 3,06 s | v
(4)
[17]
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QUESTION 2
2.1 Free fall v/ (1)
2.2 Upward positive: Downward positive:
Ay = Vit + ¥z aAt’v Ay = VAt + % aA?v
-30v = v; (1.5) + % (-9.8)(1.52 v 30v =y, (1,5) + % (9.8)(1.5) v
vi=1265ms’v vi=12,65m-s v 4)
2.3 Downwards as positive
vie =V + 2aAyv
12,65% v= 0 4 2(9.8) Ayv
Ay =816 mv
Height/Hoogte XC = XB + BC
(30 +8,16) =38,16m
Height is/Hoogte is 38,16 mv (5)
24 + "
= 7 Each line correctly drawn: v'v’
-.-% £ Axes labelled correctly: v
g } g
=% i OR &
-.é EU‘ : - nE} 0 : =
® t(s) = ; (s)
& & i
8 = ¢
m
< o
[
g
= (3)
[13]
QUESTION 3
3.1 5,88 m-s'v (1)
3.2 OPTION 1 OPTION 2

v = vi2 + 2ally v’
(-19,6)2=(5,88)2+ 2(-9,8) Ay Vv

Area between graph and t-axis for 2,6 s
Ay =% bh + %2 bh

By symmetry ball returnsto Aat 1,2 s
downward and v = -5,88 m-s-'
Ay = Area of trapezium
= Y5(sum of parallel sides)(h) v/
= ¥{(-5,88) +(-19,6)} (2,6 - 1,2) v
=-17,84m
.Height above ground = 17,84 m v

Ay =-17,84m =% (0,6)(5,88)v'+ 4(2,6 — 0,6)(-19,6)v
Height above ground = 17,84 m v = - 17,84 m ~Height above ground = 17,84 m v
OPTION 3 OPTION 4

Ay=(vi;VfJAt/

Ay = (w]% v =-17.836m

~Height above ground =17.84 m v

@)
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3.3 OPTION 1 OPTION 2
32-26 ) vi = vi + alit
to= 5 +2,6v TimeatP (tp)=29s v 0=2,94 + (-9,8)At v
At=0,3s ~ tp=26+03=29sV
OPTION 3
Gradient = -9,8
Ay —0_2’94 9,8v At=0,3s Ti tP(tp)=(26+0,3) =29sV
—=-9,8 .. =-9, .. At=0,3s Timea = =29s
At At P @)
3.4 OPTION 1 OPTION 2 OPTION 3
Ay = area under graph v/ Ay = vilit + YeaAt?v v = viZ + 2ally v
=%(0,3)(2,94) v =(2,94)(0,3) + 4(-9,8)(0,3)2 v | 0 =2,942 + 2(-9,8)Ay v
=0,44 mv =044 mv Ay =0,44m v (3)
3.5 Fort=29s 1t =29s
Distance travelled by balloon since ball was dropped
Ay = vAt = (5,88)(2,9) v = 17,05 m
Height of balloon when ball was dropped = 17,84 m
Height of balloon after 2,9 s = (17,05 + 17,84) v = 34,89 m
Maximum height of ball above ground = 0,44 m
~distance between balloon and ball = (34,89 — 0,44) v =3445m v (4)
[13]
QUESTION 4
4.1 Upwards positive Downwards positive
vi=Vi+aAt v vi=Vvi+aAt v
-16v' =16 — 9,8(At) v 16 v = -16 +9,8(At) v
At=3,27s vV At =3,27s v (4)
4.2 Upwards positive: Dovaards positive:
A
16 16
= o
(%) S
< 3,26 . > .
£ : t(s) 8 763 3,26 t(s)
(@] ()
© | >
> |
|
I -
16 16
Criteria for graph

Correct shape for line extending beyond t = 1,63 s.

<<

Initial velocity correctly indicated as shown.

Time to reach maximum height and time to return to the ground correctly shown. v
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4.3 Marking criteria:
e Both equations v
e Equation for distance/displacement covered by A. v/
e Equation for distance/displacement covered by B. v/
e One of equations to have time as (At + 1) or (At—1). v
e Solutionfort=2,24s. v
e Final answer: 11,25 m v
Upwards positive: Downwards positive:
Take ya as height of ball A from the ground: | Take ya as height of ball A from the ground.
Aya = ViAt + V5 aAt? Aya = ViAt + Y5 aAt?
ya- 0 = 16At + ¥5(-9,8)At? =16At — 4,9At2 v/ ya - 0 = -16At + 15(9,8)At?
Take ys as height of ball B from the ground: = -16At + 4,9At2 v v'Both
Ays = ViAt + ¥ aAt? Take ys as height of ball B from the ground.
ys— 30 = (viAt + Y% aAt?) AyB = ViAt + V5 aAt?
y =30 -[-9(At-1) + ¥(-9,8)(At— 1> v | yg — 30 = — (viAt + Y2 aAt?)
= 34,1 +0,8At - 4,9 At2 vV ys =30 —[9(At -1) + ¥4(9,8)(At — 1)2V
YA=YB =34,1+0,8At-49 A2V
~16At — 4,9At2 = 34,1 + 0,8At - 4,9At2 ya =y~ 16At — 4,9At2 = 34,1+ 0,8At — 4,9At?
15,2At =341 ~ At=2,24s v 2152At=34,1 =At=224s vV
ya =16 (2,24)-4,9(2,24)) =11,25m v Aya = (- 16 (2,24) + 4,9(2,24)2) = 11,25 m v (6)
[13]
QUESTION 5
5.1.1 OPTION 1/OPSIE 1
Ugwards positive/Opwaarts positief: Downwards positive/Afwaarts positief:
vt = v,2 + 2alyv vit = v? + 2al\yv’
v’ = (-2)° + 2(-9,8)(-45)" vi® = (2)? + 2(9,8)(45)v
vi=29,76 m's v vi=29.76 ms'v (29.77 ms™)
OPTION 2/0PSIE 2
Upwards positive/Opwaarts positief. Downwards positive/Afwaarts
Ay = viAt + YsaAt? v positief:
for either equation/vir beide vergelykings | Ay = viit + YaAt? v
- 45 =- 2At + 14{-9,8)At for either equation/vir beide
-49 AP-2At+45=0 vergelykings
49 AF+2At-45=0 v 45 = 27t + ¥4(9,8)A
At=283 49 AP +2At-45=0 v
At=283
Vr=\|'i+aﬂl ‘Ilrf:"l"i"'aﬂt
vi =0+ (-9,8)(2,83) ve = 0+(9,8)(2,83)
vi=-29,73msv vi=29.73ms’ v 4)
5.1.2 OPTION 1/OPSIE 1 Downwards positive/Afwaarts
Upwards positive/Opwaarts positief: positief
The balls hit the water at the same The balls hit the water at the
instant./Die balle tref die wafer gelyktydig same instant./Die balfe tref die
vi = v, +alt v water gelyktydig
Ball/Bal A vi = v +alt v
-29,76 = -2+(-9,8) At BallBal A
At=283s v 2976 =2+ (9,8) At
. for ball/vir bal B At=283s v
Ats =2,83-1=183s . for ball/vir bal B
. Atg=2,83-1=1,83s
.-, for ballfvir bal B i .
... for balllvir bal B
Aty =283-1=183s v Atg=2,83-1=1,83s v
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OPTION 2
Upwards positive/Opwaaris positief. Downwards positive/Afwaarts
Ball/Bai A positief:
Ay = vit + Yeaht® v Ay = vt + YaAt v
- 45 =- 20\t + %4(-9 8)A 45 = 21t + /49, 8)At"
-49 AP-2At+45=0 4,9 AP +2At-45=0
4,9 AP +2At- 45 =0 At=283 v
At=283v .. for ballivir bal B
-, for ball/vir bal B Atg =283-1=183sv
Atg=283-1=183s ¥ (4)
5.1.3 Upwards positive/Opwaarts positief: Downwards positive:
Atg =1.83s v Ate =1,83 s
Ay = vt + }—’zaﬂtz o Ay = ViAt + VeaAt?
=V 1 2
-45 v =v; (1,83) + % (-9.8]{1,83}2 v 35= 12(;,2821)‘;1/2(9,8)(1,83)
v =-1562m-s"v - (4)
5.2 Upward positive Downward positive
v(ms") v(m-s™)
15,62 15,62
2 2
g t(s) y t(s)
Marking criteria Marking criteria
One mark for each intial velocity v One mark for each intial velocity Y
2ms'&15,62m-s! -2m-st'&-15,62m-s"’
Release time of ballB:t=1s v Release time of ball B:t=1s v
Flight time for both balls indicated as v Flight time for both balls indicated as v
the same on time axis. (2,83 s) the same on time axis. 4)
Shape — parallel lines v Shape — parallel lines v [16]
QUESTION 6
6.1 An object which has been given an intial velocity v' and then moves under the influence of the force
of gravity only. v/ (2)
6.2 OPTION 1
Upward positive Downward positive
vi=vi+aAt v vi=vi+alAt v
-30=30v + (-9,8)At v  At=6,12sV 30 =-30v +(9,8)At v At=6,12s Vv
OPTION 2
Upward positive Downward positive
vi = vi+aAt v ~ 0 =30V + (-98)At v |vi=vitaAtv ~0=-30v +(9,8)AtV
At=3,06 s - total time = (2)(3,06)=6,12s v | .. At=3,06 s - total time = (2)(3,06) =6,12s v 4)

Ay = vit + V5 a2

Ayiast= Ay(s,12) - Ay(5,12)
= {30(6,12) +¥2 (-9,8)(6,12)? }v'- {30 (5,12) +%5 (-9,8)(5,12)3}v
=-25,076

Distance = |Ay| = 25,08 m v

Downward positive

Ay = Vit + ¥ a2 }/

Ayiast= Ay(6,12) - Ay(5,12)
={-30(6,12) +¥% (9,8)(6,12)? }v'- {-30(5,12) +¥2 (9,8)(5,12)3} v’
= 25,076

Distance = |Ay| = 25,08 m v (4)

6.3 Upward positive }
v
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.6.4 Upward positive Downward positive
Ay = viAt + Yo alt? v Ay = vilt + Y2 alAt? v
-50v'=[vi (4,12)] + [ (-9,8)(4,12)7] v 50v'=vi(4,12) + [ (9,8)(4,12)?] vV
vi = 8,05 m-s" vi=-8,05 m-s'’
speed = 8,05 ms! v speed = 8,05 ms' v
6.5 Upwarxl positive: Downmﬁrd positive:
30
—~ 30 -~
‘T('/é 8,05 A 2
; TNN3,06 6,12 R 3 R
g 2 | time (s) g time (s)
0 | > -8,05
270 ) (S N !
-30
v v
Marking criteria Marking criteria
Correct shape of A. v Correct shape of A. v
Correct shape of Graph B parallel to | v Correct shape of Graph B parallelto |
A below A. A above A.
Time at which both A and B reach | v Time at which both A and B reach |
the ground (6,12 s). the ground (6,12 s).
Time for A to reach the maximum | v Time for A to reach the maximum | 4
height (3,06 s) shown. height (3,06 s) shown. [(1 8)]
QUESTION 7
71 The motion of an object under the influence of weight/ gravitational force only / Motion in which
the only force acting is the gravitational force. v'v' (2)
7.2 OPTION 1: Upwards positive OPTION 1: Downwards positive
v = vi2 + 2ally v’ v = viZ + 2ally v
= 02+ (2)(-9,8) v (-20) v =02+ (2)(9,8) v (20) v
vi=19,80 ms' v vi=19,80 m-s' v
OPTION 2: Upwards positive OPTION 2: Downwards positive
Ay = viAt + Y5 aAt? Ay = vit + V5 aAt?
-20 =0 + 4 (-9,8) At?v ; 20=0 + % (9,8) At?v .
At=2,02s 9 veitherone 1 202 ©o Y either one
vi = vi + alt v = vi + at
=0+ (-9,8)(2,02) v =0+(9,8)(2,02) v
=-19.80m-s’' .. vi=19,80 m's'!v =19,80 m's' v 4)
7.3 OPTION 1: Upwards positive OPTION 1: Downwards positive
vi=vi+ aAt v vi=vi+aAt v
-1980=0+(-98)Atv .. At=202sV 1980=0+ (9.8)Atv .. At=202sV
OPTION 2: Upwards positive: OPTION 2: Downwards positive:
Ay = viAt + V5 aAt2v Ay = viAt + Y% aAt?v
20=0 + % (-98) At2v' . At=2,02sV 20=0 + % (9,8) At?>v . At=2,02sV (3)
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7.4 Downward positive Upward positive
Time (s)
A -
o ~ V%
£ o
> Y E
8 2
2 8
[}
0 R >
Time (s) v
v'v' | Straight line through the origin.
Deduct 1 mark if axes are not labelled correctly.
(2)
[11]
QUESTION 8
8.1 The only force acting on the ball is the gravitational force. v'v/
8.2.1 OPTION 1
Upwards as positive Downwards as positive
Ay = vildt + YeaAt2v’ Ay = vildt + V2 aAt2v’
= (10)(3) + ¥4(-9,8)(32) v = -14,10 = (-10)(3) + 5 (9,8)(33) v = 14,10
Height of building = 14,10 m v/ Height of building = 14,10 m v/
OPTION 2
Upward as positive Downwards as positive
For maximum height: For maximum height:
Vi = Vi + aAt vi = vi + aAt
0=10+(-9,8)At .. At=1,02s 0=-10+(9,8)At .. At=1,02s
Time taken from point A to ground: Time taken from point A to ground:
3-2(1,02)=0,96 s 3-2(1,02)=0,96 s
Ay = vildt + Vo aAt2v’ Ay = vildt + V2 aAt2v
= (-10)(0,96) + ¥4 (-9,8)(0,96)*>v = (10)(0,96) + ¥4 (19,8)(0,96)? v
=-14,1184 .. Height=14,12m v =14,1184 ..Height=14,12m v (3)
822 Upwards as positive: Downwards as positive:
vi=vi+aAt v = (10) + (-9,8)(3) v =-19,41 vi=vi+alAt v = (-10) + (9,8)(3) v = 19,41
Speed = 1941 m-s' v Speed = 1941 m-s' v
823 Upwards as positive: Downwards as positive:
vPe= vi2 + 2ally v/ v2= vi2 + 2ally v/
0 =vi2+(2)(-9,8)(8) v ..vi=12,52 m-s™! 0 =vi?+ (2)(9,8)(-8) ..vi=-12,52
Speed = 12,52 m-s' v Speed = 12,52 m's' v (3)
8.3 Upwarﬂs as positive Downwan;?s as positive
12.52 19,41(----=-------7
1 ~ |
~ o !
: £ 32
S > > — >
=0 t(s) g 0 3] t(s)
(&) ° :
: > :
> -10 |
-19,41 -12.52|---=-=--------
v v
Marking criteria
Two parallel lines correctly drawn. v
Mark for velocity calculated in Q8.2.2.
Mark for velocity calculated in Q8.2.3. (4)
Times 3 s and 3,2 s correctly shown. [15]
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QUESTION 9
9.1 (Motion of) an object which has been given an initial velocity and then moves under the influence of
the gravitational force/weight only. v'v/ (2)
9.2 No v' The balloon is not accelerating./The balloon is moving with constant velocity./The net force
acting on the balloon is zero.v' (2)

9.3 OPTION 1 Upward positive: Downward positive:

Ay = vildt + Vo aAt?v Ay = vilit + V2 aAt?v

22V = (12) At+ % (98)ARPY At =2sVv |22V =(12)At+ % (9.8 APV . At=2sV

OPTION 2

Upward positive: Downward positive:

vf2 = vi2 + 2aAy\ vf2 = vi2 + 2aAy\

v v

v = (12 +(2I98): PR v =22 (28 -

vi=-20,8 m-s™! vi=20,8 ms

vi = vj + aAt vi = vi + aAt

-208=-12+-98Atv .. At=2s Vv 208=12+98Atv .. At=2sVv (4)
94 Upward positive: Downward Positive:

vi=vi+taAtv.. 0=15+(-9,8)At v vi=vi+talAtv .. 0=-15+(9,8)At v

S At=153s S At=1,53s

Total time elapsed =2 + 1,53 + 0,3 v Total time elapsed =2 + 1,53 + 0,3V

=3,83s =3,83s

Displacement of the balloon: Displacement of the balloon:

Ay = vit + Yo aAt? = -(1,2)(3,83) v=-4,6 m Ay = viAt + Yo aAt? = (1,2)(3,83) v = 4,6 m

Height=22-46 v =17,4m v Height=22-46 v =17,4m v

OR OR

yi=yi+Ay =[22 - (1,2)(3,83)] Vv =17,4 m yi=yi+Ay =[-22 + (1,2)(3,83)] vv =-17,4m (6)

.. Height = 17,4 mv’ . Height =174 m v [14]
QUESTION 10
10.1 OPTION 1

Upwards positive: Downwards positive:

vi=vi+alAtv . 0=(12) + (-9,8)(At) v vi = vi+alAtv . 0=(-12) + (9,8)(At) v

SAt=122sv s At=122sv

OPTION 2

Upwards positive: Downwards positive:

vf2 :vi2 +2aAy vf2 :vi2 +2aAy

0=122+2(-9,8)Ayv .. Ay =7,35 0=(-12)2+2(9,8)Ayv" .. Ay =-7,35

Ay = viAt + Y5 aAt?v Ay = viit + Y5 aAt?v’

7,35 =12At + 5 (-9,8)A2 .. At=1,22sv -7,35 = -12At + 5 (9,8) A2 . At=1,22sv (3)
10.2 OPTION 1

Upwards positive: Downwards positive:

vi=vi+taAtv . -3v=-vv +(-9,8)(1,22) v vi=vitaAtv - 3v=vv +(9,8)(1,22) v

v=598ms'v (5,9781to 6,03 ms’) v=598ms'v (5,9781to0 6,03 ms’)

OPTION 2

Upwards positive: Downwards positive:

FretAt = m(vs- vi) v/ FretAt = m(vs- vi) v/

mgAt = m(vs — vi) mgAt = m(vs — vi)

(-9,8)(1,2245) v = -3v — (-v) vV (9,8)(1,2245) v/ = 3v - vv

..v=6,00m-ss'v v=6,00m-s'!v 4)
10.3 OPTION 1

Upwards positive: Downwards positive:

Ay = vidt + YeaAt2v Ay = viAt + YeaAtzv’

=(-5,98)(2.,44) + 4(-9,8)(2,44)2v =- 43,764 = (5,98)(2,44) + 15(9,8)(2,44)2? v = 43,764

~h =43,76 mv' (43,764 to 44,08 m) ~h =43,76 mv' (43,764 to 44,08)

OPTION 2

Upwards positive: Downwards positive:

vi= Vi + aAt vi=vi + alt

vi=-5,98 + (-9,8)(2,44) = - 29,892 m-s™" vi=5,98 + 9,8(2,44) =29,892 m-s™’

vf2 :vi2 +2aAy v vf2 :vi2 +2aAy v

(-29,892)2 = (- 5,98)2 + 2(-9,8)Ay v (29,892)2 = (5,98) + 2(9,8)Ay v

Ay =-43,763 m Ay =43,76 m
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- h =43,76 mv' (43,764 to 44,08) | ~ h=43,76 mv (43,764 to 44,08)
OPTION 3
Upwards positive: Downwards positive:
For A: vi = vi + alt For A: vi=vi + aAt .. 12 =-12 + (9,8)At
-12=12+(-9,8)At .. At=245s S At=245s
For B: Ax = viAt + 2 aAt? v/ For B: Ax = viAt + 2 aAt? v
= (-5,98)(2,45) + 2 (-9,8)(2,45)2 v = (5,98)(2,45) + 5 (9,8)(2,45)> v
=-4406m ..h=4406mv =44,06m ..h= 4406 mv (3)
104 Upwards as positive Downwards as positive
A A :
% A o B !
£ £ Z
Z 598 z 598 :
S E :
> 2 1,22 time ()
A
v v
Criteria for graph
Time 1,22 s shown correctly v
Initial velocity for stone B at time t = 0 correctly shown with correct signs v
Two sloping parallel lines with A crossing the time axis v 4)
Straight line graph for A parallel to graph B, extending beyond the time when B hits ground | v [14]
QUESTION 11
111 10m-s*v (1)
11.2  The gradient represents the acceleration due to gravity (g) v* which is constant for free fall. v (1)
11.3 OPTION 1
Ay = viit + V2 alst? v’ Ay = vt + % aAtv
= (10)(2) + ¥4 (9,8)(2%) v = (-10)(2) + % (-9,8)( 2%) v
= 396m = -396m
Height/Hoogte= 39,6 m v/ Height/Hoogte = 39,6 m v/
OPTION 2/OPSIE 2 OPTION 3/0OPSIE 3
A (vl- + vf)At vfz =vl+ 2adx
o o (29,6)* = (10)* + 2(9,8)aAx
s (10 +29,6 @) i
= —2 ) v Ax=396m
Ax=396m 3)
11.4 OPTION 1 OPTION 2
v = v; + altv’ Vi =v; + abtv
0 =-25+(9,8)(At) v 0 =25+ (-9,8)(At) v
At=255s At=255s
Total time T/Totale tyd = 8 +2,55 v Total time T/Totale tyd = 8 +2,55 v/
=10,55sv =10,55sv
(4)
1151 02sV (1)
11.5.2 4,955s vV (2)
1153 -27Tm's'v (1)
11.6  Inelastic v The speeds at which it strikes and leaves the ground are not the same/The kinetic
energies will not be the same. v/ (2)
[16]
QUESTION 12
12.1 Motion under the influence of gravity/weight/gravitational force only. v'v/ (2)
12.2 OPTION 1

UPWARDS AS POSITIVE

Ay = vilit + Y2 aAAt?v = (0)(1) + ¥ (-9,8)(12) v

=- 4,9 m = 4!9 m
Height = 2Ay = (2)(4,9) Height = 2Ay = (2)(4,9)
=98mv =98mv

DOWNWARDS AS POSITIVE
Ay = vilit + Y2 aAt?v = (0)(1) + ¥ (9.8)(12) v
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OPTION 2
UPWARD POSITIVE DOWNWARD POSITIVE
vi=vi+aAt=0+(-9,8)(1) =-9,8 m-s-" vi=vi+aAt=0+(9,8)(1) =9,8 m-'s
v = vi2 + 2alyv’ v = vi2 + 2alyv’
(-9,8)2 =0+ (2)(-9,8)Ay v (9,8)2=0+ (2)(9,8)Ay v
Ay=-49m Ay=49m
Height/hoogte = 2Ay = (2)(4,9) Height/hoogte = 2Ay = (2)(4,9)
=98 mv =98 mv (3)
12.3 UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
v = vi2 + 2alyv’ v = vi2 + 2alyv’
=0+ (2)(-9,8)(-9.8) v =0+ (2)(9,8)9.8) v
vi = 13,86 ms' v vi= 13,86 ms' v
OR OR
FROM POINT B FROM POINT B
UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
v = vi2 + 2allyv v = vi2 + 2allyv’
= (-9,8)2+ (2)(-9,8)(-4.9) v =(9.8)2+ (2)(9.8)(4.9) v
vi=-13,86 m-s™ vi= 13,86 m's' v
Magnitude = 13,86m-s"'v’ (3)
124 UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
v = viZ + 2ally v v = vi2 + 2aAyv
0=v2+(2)(-9,8)(4,9) v.. vi=9,8 m's’ 0=v2+(2)(9,8)(-4,9) v ..vi=-9,8 m's™’
FretAt = mAv }\/1 mark for any FretAt = mAv }\/1 mark for any
FretAt = m (vi— vi) FretAt = m (vi — vi)
Fret(0,2) v = 0,4[9,8 —(-13,86)] v Fret(0,2) v'=0,4[-9,8 - (13,86)]v (6)
Fret= 47,32 N v Fret = -47,32 N .. Fret=47,32 N v [14]
QUESTION 13
13.1  Downwards v’
The only force acting on the object is the gravitational force/weight which acts downwards.v' (2)
13.2 OPTION 1
Upward positive Downward positive
vi=vi+aAt v vi=vi+alAt v
0=75+(98)Atv 0=-75+(9,8)At v
At=0,77s Vv At=0,77s v
OPTION 2
Upward positive Downward positive
FretAt = m(vs — vi) v FretAt = m(vs — vi) v
mgAt = m(vs — vi) mgAt = m(vs — vi)
(-98)At=0-75V (98)At=0—(-75) v
- At=0,76531s (0,77 s) v ~ At=0,76531s (0,77 s) v (3)
13.3 OPTION 1

Upward positive - At highest point vi =0
vii=v?+2any v

0 v = (7,57 + (2)(-9.8)Ay v

Ay = 2,87 (2,869) mv’

It is higher than height needed to reach point T
(2,1 m) v therefore ball will pass point T. v/

Downward positive - At highest point vi = 0
vii=v?+2aAy v

0v = (-7,5)? + (2)(9.8)Ayv

Ay = - 2,87 (-2,869) mv’

It is higher than height needed to reach point
T (2,1 m) v therefore ball will pass point T. v/

OPTION 2

Upward positive

Ay = viit + V% alAt2v’

Ay = (7,5)(0,77) v + % (-9,8)(0,77)?v

Ay =2,87 m (2,86 m)v

It is higher than height needed to reach point T

(2,1 m) v therefore ball will pass point T. v/

Downward positive

Ay = vidt + V% alAt2v’

Ay = (-7,5)(0,77) v + ¥4 (9,8)(0,77)>v

Ay =-2,87 m (2,869 m)v’

It is higher than height needed to reach point
T (2,1 m) v therefore ball will pass point T. v/
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13.4 A
0 0,77 >
7,5 (s)
P —~
£ o
> 5
>
-7,5
0 0,77 t(s) v
Marking criteria
Initial velocity and time for final velocity shown. v/
Correct straight line (including orientation) drawn. v/ @)
[13]
QUESTION 14
14.1  (Motion during which) the only force acting is the force of gravity. v'v' (2)
14.2.1 | OPTION 1/ OPTION 2
UPWARDS AS POSITIVE: Fnet = ma
vi = vi +alt v’ = 9,8 (m)
0 = i(ﬁ:m v Fret At = mAvY
~vi=1499 mst (15 ms™) v (9,8)(m)(1,53) = (m)(vi—0) v
DOWNWARDS AS POSITIVE: vi= 14,99 m's' (15 m's™) v
vi = vi talt v’
0=vi+(9,8) (1,53) v
S Vi=-1499 mst svi= 1499 ms' (15
m-s) v (3)
14.2.2 | OPTION 1/
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Ay = vidt + YeaAt? v Ay = vildt + YeaAt2 v
= 14,99 (1,53) + ¥ (- 9,8)(1,53)> =-14,99 (1,53) + ¥2 (9,8)(1,53)2 v/
=11,47 mv'(11,46-11,48) =-11,47 m (11,46-11,48)
Maximum heightis 11,47 m Maximum height is 11,47 m v
OPTION 2
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
v2 = vi2 + 2ally v v = vi2 + 2ally v
0 =(14,99)? + 2(-9,8)(Ay) v 0 =(-14,99)? + 2(9,8)(Ay) v
Ay= 11,47 m-v'(11,46-11,48) Ay=-11,47 m-(11,46-11,48)
Maximum height reached is 11,47 m Maximum height reached is 11,47 m v/ (3)
14.3 OPTION 1
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Ay = vidt + YeaAt? v Ay = vt + Yealt? v
=(14,99) (4) + %2 (- 9,8)(4)>v =-18,4 m =(-14,99) (4) + 2 (9,8)(4)>v = 18,4 m
Position is 18,4 m downwards (below the edge of | Position is 18,4 m downwards (below the edge
the roof) v of the roof) v/
OPTION 2
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
vi = vi +alt = (14,99) + (-9,8) (4) = - 24,2 m-s™’ vi = vi +alt = (-14,99) + (9,8) (4) = 24,2 m-s™"
v = viZ + 2alyv’ v = vi2 + 2allyv’
(-24,2)2 = (14,99)% + 2(-9,8)(Ay)V (24,2)% = (-14,99)2 + 2(9,8)(Ay)v
Ay=-18,4 m- Ay= 18,4 m-
Ball is 18,4 m downwards (below the edge of the | Ball is 18,4 m downwards (below the edge of
roof) v/ the roof) v/ (3)
144 NoVv
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The motion of the ball is only dependent on its initial velocity. v'v*
OR: The initial velocity depends on the time taken to reach maximum height.

(3)
[14]
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QUESTION 15
15.1 (Motion during which) the only force acting is the force of gravity. v'v/ (2)
15.2 OPTION 1/

15.3
15.4

15.5.1
15.5.2
15.5.3
15.5.4

UPWARDS AS POSITIVE:
v = vi2 + 2ally v
0=(10)2+ (2)(- 9.8)Ay v
Ay =5,10m (5,102)

Height = 40 + 5,10 v
=4510m v

DOWNWARDS AS POSITIVE:
v = vi? + 2ally v

0=(-10)2+ (2)( 9,8)Ay v
Ay=-510m (5,102)

Height =40 + 5,10 v/
=4510m v

OPTION 2
UPWARDS AS POSITIVE:
Ay = viit + V5 aAt?
0 = (10) At + %5(-9,8)At?
At=2,04s
Ay = vildt + Vo aAt?v
=(10)(1,02) +%4 (-9,8)(1,02)>v

DOWNWARDS AS POSITIVE:
Ay = vilt + %% alAt?
0 = (-10) At + 5(9,8)At?
At=204s
Ay = vildt + V5 aAt2v’

= (-10)(1,02) + ¥4 (9,8)(1,02)?v

UPWARDS AS POSITIVE:
Displacement from roof to meeting point
=-40+29,74=-10,26 m v’
Stone A

Aya = vilt + YsaAt2 v

-10,26 = 10At + 5(-9,8)At2 v/
At=279s

Stone B

Ays = viAt + YeaAt?

-10,26 = 0 + 4(-9,8)At2 v/
At=1,45s (1,447 s)
Xx=279-145v =134 (s) v

=5,103 =-5,103
~ ~
Height =40 + 5,10 v/ Height =40 + 5,10 v/
=4510m v =4510m v 4)
9,8 m-s2 v downwards v/ (2)
OPTION 1/

DOWNWARDS AS POSITIVE:
Displacement from roof to meeting point
=40-29,74=10,26 m v
Stone A

Aya = vilt + YsaAt2 v

10,26 = -10At + 74(9,8)At2 v/
At=279s

Stone B

Ays = vit + YeaAt?

10,26 = 0 + ¥4(9,8)At? v/
At=1,45s (1,447 s)
Xx=279-145v=134(s) v

OPTION 2

UPWARDS AS POSITIVE:
Displacement from roof to meeting point
=-40+29,74=-10,26 m v
Displacement of ball A from max height to
meeting point = -15,36 m

Stone A

vi = vi + at

0 =10 +(-9,8)At

At=1,02s

Aya = Vit + YsaAt2 v

-15,36 = 0 + 4(-9,8)At2 v/

At=177s

Atiot = 1,77 + 1,02 = 2,79s

StoneB

Ays = viAt + YsaAt?

-10,26 = 0 + ¥4(-9,8)At2 v/

At=1,45s (1,447 s)

DOWNWARDS AS POSITIVE:
Displacement from roof to meeting point
=40-29,74=10,26 m v

Displacement of ball A from max height to
meeting point = 15,36 m

Stone A

vi = vi + aAt

0=-10 + (9,8)At

At=1,02s

Aya = vilt + YoaAt? v

15,36 = 0 + ¥4(9,8)At? v/

At=177s

Atot = 1,77 + 1,02 = 2,79s

StoneB

Ays = viAt + YsaAt?

10,26 = 0 + 5(9,8)At2 v/

At=1,45s (1,447 s)

Xx=279-145v =134 (s) v x=279-145v =134 (s) v (6)
dv )
av (1)
fv (1)
cv (1)

[18]
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QUESTION 16

16.1 (Motion of an object) under the influence of gravity (weight) only. v'v/

16.2.1 At=0,67-0,64=0,03s vV

16.2.2 TOPTION 1
1,90 — 0,67
t=———— v

2
=0,625 v (0,615 5)

OPTION 2

AX = Vit + ¥ alt2

(-1,8) = 0 + % (-9,8)Af2 v/
At=0,61 s v (0,606 s)

OPTION 3 OPTION 4
1,90 + 0,67 V2 = vi2 + 2alAx
=5 =128 0 = vz + 2(-9,8)(1,8)
At=1,285—-0,67 v vi = 5,94 m-s”
=0,625s v (0,6155)
vi = vi + alit
0=5094+ (-9,8)At v
At=061sY
1623 " 5PTION 1 OPTION 2

Upwards positive

vi=vi+alAt v

0 =vi+(-9,8)(0,62) v

vi=6,08 m's1(6,076 m's') v
Downwards positive

vi = vi+alAt v

0 =vi+(9,8)0,62) v

vi = -6,08

~Vvi = 6,08 m's*(6,076 m's*) v

OPTION 3

Motion from top to bottom
Downwards positive

vf = v + 2aly
vid=0+2(9,8)(1,8) v
vi=594 msstv

initial velocity =5,94 m-s""

Upwards positive

vf = v} +2ady v

vZ =0+ 2(-9,8)(-1,8) v
vi=594 msstv

initial velocity =5,94 m-s""

Motion from bottom to top

Downwards positive

vf = v} +2ady v

02 =vi2 +2(9,8)(-1,8) v
vi=594 ms'v

Upwards positive

vf = v} + 200y v
0=vi2+2(-9,8)1.8) v
vi=594 ms'v

OPTION 7
(Ep + Ex)ficor = (Ep + Ek)top 4

(mgh + %2 mv2)foor = (Mgh + %2 mv2)iop

0+%v2=(9,8)(1.8)+0v
v=594m-s'!v

Physics Revision Book: Answers

Upwards positive
Ay = vildt + V2 aAt2v’

1,8 = vi (0,62) + 2 (-9,8) (0,62)? v

vi=594m-s1(59412m-s) v

Downwards positive
Ay = vit + Yo aAt? v

1,8 = vi (0,62) + 2 (9,8) (0,62)2 v

vi=-594

~vi =594 m's'(5,9412 m's) v

OPTION 4
Upwards positive
Ay = vit + Yo alAt? v

0 =vi(1,23) + %2 (-9,8)(1,23)2 v/

vVi=6,03m-s' v

Downwards positive
Ay = vit + Yo alAt? v

0 =vi(1,23) + ¥» (9.8)(1,23)*> v

Vi=-6,03 m-s
speed = 6,03 m'sv

OPTION 5
+ .
Ay = (vf 5 vl) At v

0+ v;
1,8 = (T’) (0,62) v

v, =581lm-s71v

OPTION 6

FretAt = mAv v
FretAt = m(Vf - Vi)
0—wv) Vv

m(9,8)(0,62) = m

vi=594 m-s!v

FS/2024
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16.2.4

Calculate initial velocity:

Calculate time At

OPTION 1
Downwards positive
vf = v} + 200y v
0=v2+2(98)(-1.2) v
vi=-4,85m:-s"

Upwards positive

vf = v} + 200y v

0 =v2+2(-98)(1,2) v
vi=4,85m-s!

v

\ 4

OPTION 2

(Emech)top = (Emech)bot
(Ep +Ex)top = (Ep +Ek)Bot
(mgh + 2mv2)iop = (Mgh + ¥2mv2)sot
(9,8)(1,2) + 0 =0 + (V)2 vV

vi= 4,85 m-s™! upwards

v'Any one/

v

OPTION 3

Whe = AEp + AEk } v'Any one/
0 = (0 — mgh) + ¥am(v¢ - vi2)

0=-(9,8)(1,2) + vz v
vi= 4,85 m-s™! upwards

v

OPTION 4

Whet = AEk } v'Any one/
wAxcos180° = Yam((ve - vi?)
(9,8)(1,2)c0s180° = Yovi2 v/

vi=-4,85m-s"

\ 4

\ 4

v

Upwards positive

Ay = vildt + V5 aAt2v

1,2 = (4,85)At + ¥5(-9,8)At2 v

At=0,4898s/0,5s

t=1,97 + 2(0,4898) v
=295s/297s Vv

OR

Ay = vilt + Y% aAt? v

0 = (4,85)At + ¥(-9,8)At2 v/

At =0,9898 s (or At =0)

t=1,97 + 0,9898 v
=296s VY

Downwards positive

Ay = vilst + Va2V’

1,2 = (-4,85)At + ¥4(9,8)At2 v/

At=0,4898s/0,5s

t=1,97 + 2(0,4898) v
=295s/297sVv

OR

Ay = vilit + Yealt? v’

0 = (4,85)At + V5(9,8)At2 v

At=0,9898s (or At =0)

t=1,97 + 0,9898 v
=296s Vv

OR

vi = Vi +aAtv’

-4,85 =4,85 + (-9,8)At v

At=0,9898 s

At =1,97 + 0,9898 v

=296s v
OR
Upwards positive

vi = Vi + aAt v

0=4,85+(-9,8)At v

At=0,4949 s

At=1,97 + (2)(0,4949) v
=296s Vv

OR

v; + v
ay = (S5 )ae

0+ 4,85
’2=< 2 )At/

At = 0,4948 s
Atotal = 2(0,4948) = 0,99 s
At=1,97+0,99 v=296s v
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OPTION 5

Downwards positive

Ay = viAt + Y2 aAt? v

1.2 V=0 + 15(9,8) At?v

At=0,49s

t=1,97 + v 2(0,49) v
=296s Vv

Upwards positive

Ay = vilt + Y2 aAt? v

-1,2 v'=0 + ¥%(-9,8)At?v

At=0,49s

t=1,97 + v 2(0,49) v
=296s Vv

QUESTION 17
17.1  Weight / gravitational force v
172 9,8 m's? v downward v

173 3m
17.41 | UPWARDS AS POSITIVE
vi=vVvi+ait v

0=vi+(-9,8)(1,02) v
vi=10 m's™ v (9,996)

17.4.2 | UPWARDS AS POSITIVE
v = vi2 + 2ally v
02 =102 + 2(-9,8)Ay v/
Ay = -5,1 m (-5,102)
h =51+3V
=8,1m v (8,102)

175 |UPWARDS AS POSITIVE
vi=Vi+ aAt v

0=vi+(-9,8)1,1) v _
vi=10,78 m-s™ Wne = AE, f_ A v
=0+ (0,06)(10,782v — 12,60%)v
vi2 = vi2 + 2ally =—1228]\/
= (-10)2 + 2(-9,8)(-3) ’
vi =12,60 m-s"
QUESTION 18
18.1 No v
ANY ONE:
. Gravitational force is not the only force acting on the balloon. / There are other forces
acting on the balloon. v/
. Its acceleration is not 9,8 m-s?2/ is zero.
. It has constant velocity / no acceleration.
18.2.1
OPTION 1 OPTION 2
UPWARDS AS POSITIVE UPWARDS AS NEGATIVE
vf = v} + 2a0y v vf = v} + 2a0y v
(—62,68)% = v? + 2(—9,8)(—200) v 62,682 = v + 2(9,8)(200) v
v, =296m: st v, =—-296m-s?
Speed =296 m-s1 v Speed = 2,96 m-s"1 v

FS/2024
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18.2.2

18.2.3

OPTION 3
Wnet = AEk v

1 2 _ 2
Fpeo:Aycosd = Em(vf —v{)

1
m(9,8)(200)(cos 0°) = Em(62,682 -v) Vv

v, =296m: st

Speed = 296m-s71v

Other energy equations may
also be used.

OPTION 1

UPWARDS AS POSITIVE
vp =v; +aldt v

—62,68 = 2,96 + (—9,8)At v
At =6,70s vV

OPTION 2

DOWNWARDS AS POSITIVE
vp =v; +alt v

62,68 = —2,96 + (9,8)At v

At =6,70s vV

OPTION 3
UPWARDS AS POSITIVE

1
Ay = v At + EaAtZ v

1
—200 = 2,96At + > (—9,8)At? v
At =6,70s v

OPTION 4
DOWNWARDS AS POSITIVE

1
Ay = v At + zaAt2 v

1
200 = —2,96At + 5 (9,8)At? v
At =6,70s v

OPTION 5
UPWARDS AS POSITIVE

v; + v

Ay = ( ¥ f) Aty

2,96 + (—62,68)
2

—200 = (
At =6,70s v

)At\/

OPTION 6
DOWNWARDS AS POSITIVE

v; + v
Ay = ( ! f) At v
~2,96 + (+62,68)
2

200=<
At =6,70s v

)At/

UPWARDS AS POSITIVE

Stone B
1
Ay = v;At +§At2 v

= (2,96)(6,7-5) + % (—9,8)(6,7 —5)2 vV

=-913m
Distance = 9,13 m

Balloon

1
Ay = vAt + EMZ

= (2,96)(6,7—5)Y +0
=5,03m
Distance = 5,03 m

Distance between balloon and B =9,13+5,03 v =14,16 m v

Physics Revision Book: Answers
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18.3
UPWARDS POSITIVE DOWNWARDS POSITIVE
&k F 3
Balloon/ s
s ballon E o0 >
E o Time/Tyd (s)
0 2
Ig §
< =
E S
2 2
3 o
o
Balloon
Ballon
0 Timeltyd (s) v )
[18]
QUESTION 19
19.1  An object which has been given an initial velocity and then it moves under the influence of the
gravitational force only / is in free fall. v'v’ 2)
19.2.1
OPTION 1 OPTION 2
UPWARDS POSITIVE DOWNWARDS POSITIVE
v =v; +alt v vy =v; +alt v
0=15+(-9,8)At v 0=-15+(9,8)At v
At =1,53sV At =1,53sV
OPTION 3 . .
T —— Other equations of motion
UPWAE?_SVPOSITIVE and energy formulae may
Ay = ( i . f) ALY y? = u? + 20y also be used.
(1540 0 = 152 + 2(—9,8)(7,5At) v/
AY—( > )At At=153sv
Ay = 7,5At
OPTION 4
En(top) = En(30m) . UPWARDS POSITIVE
1
m, h+—mv2> =(m h+—mv2> = v Zalt? v
( 9 2 o 9 2 som Ay = v;At + > aAt1
1
m(9,8)h +0 =0 +-m(15%) 11,48 = (15)A¢ + 5 (=9,8)A¢* v
1 At=1,53sV
©8)h =5 (15%) °
h=11,48m 3)
19.22 | opTION 1 OPTION 2
UPWARD POSITIVE UPWARD POSITIVE
1 vi = v} + 2ahy v
= v — 2y f i
= (15)(1,53) + = (-9,8)(1,532) v ||Ay =1148m
(15)( )+2( X ) Height = 11,48 + 30 v
=1148m =41,48m v
Height = 11,48 +30 Y
=41,48m Vv Other equations of motion and energy formulae

Physics Revision Book: Answers
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19.3 At the meeting point, the displacement of Y plus 30 m is the same as the displacement of
B with At the time for B to hit C. Take upwards as positive.

1 1
Ayc = v At + EaAtZ v Ayg = v;At + EaAt2
1 1
= (15)At + 3 (—9,8)At? v = (40)(At — 0,5v) + E(—9,8)(At -0,5)%v
= —4,9At? + 15At = —4,9At? + 44,9At — 21,225

Ayc 4+ 30 = Ayg
—4,9At% + 15At + 30 = —4,9At? + 44 9At — 21,225 vV

At =1,71sV
(6)
19.4 A
A :
~ UPWARDS POSITIVE ~ DOWNWARDS POSITIVE
7, ) !
g 40 - : 0,5 1,53 :
£ : B (ball/bal) £ . Pt
Re) ! =] : :1,?1 Time/
2 i 2 — C (disc/skyf) Tyd (s)
E : : E —1 5 1 ]
3 a i 2 | ?
= ! i = I B (ball’bal) :
s 15 i C (disc/skyf) | 8 /
o i i ”; T ; :
. > > -40 .
- 05 1,53 1,71 Time/
i Tyd(s)
v : (5)
[20]
QUESTION 20
20.1  Motion in which the only force acting (on an object) is gravity/weight/gravitational force. v'v/ (2)
20.2.1
B OPTION 1 (A to B) OPTION 2: (A to C) OPTION 3 (A to C)
UPWARD AS POSITIVE UPWARD AS POSITIVE UPWARD AS POSITIVE
Ve =v; +alt v Ve =v; +alAt v _ 1 2y
0 =12+ (—9,8)At v —12 = 12 + (=9,8)At v Ay = vilt +12 alt
A —+C At,, =122sV 2
DOWNWARD AS POSITIVE At =2,449 s
v =v; + alt v DOWNWARD AS POSITIVE ||Atuy = 1,225V
0=-12+ (4+9,8)At v vy =v; +alt v
At =2,449 s Ay = vAt + < alt? v
At,, =122sv 2
5 0=—12At +5 (+9,8)At2 v
Other equations of motion and energy equations, At =2,449 s
and combinations thereof, may also be used. Aty, = 1,225V

©)
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20.2.2
B OPTION1: Ato G
UPWARD AS POSITIVE DOWNWARD AS POSITIVE
v} = v} + 200y v vf = v} + 200y v
=122 +2(-9,8)(=25) v = (—12)2 + 2(+9,8)(+25) v Other
vy =—25179m-s7? v =25179m-s7! equ?tions of
A ~+c|vr=25179m- s7'v;downwards v v, = 25179 m s~ v; downwards v’ motion and
energy
OPTION 2: Ato G equations, or
Ui+ v combinations
UPWARD ASlPOSITIVE Ay = ( i f) AtV thereof, may
Ay = v;At + = aAt? 124 vy also be used.
4 —25 = ( : ) (3,793) v
dg —25 =12At+ E(—9,8)At2 Uf — —25,182 m- S—l
At = 3,793 s vp = 25,182 m-s7' v downwards v @
2023 B
OPTION 1: UPWARD AS POSITIVE || OPTION 2: DOWNWARD AS POSITIVE
AtoD AtoD
17)g = v{ + 2alY400r vfz = v} + 2aAy400r
vp = 122 + 2(=9,8)(—25 + 1,9) v vp = (=12)% + 2(+9,8)(+25 — 1,9) v
A CT| ve= —2443m - s vi=+2443m s
DtoG Dto G
D+ vp = v; + alt v vp = v; + alt v
—2518 = —24,43 + (=9,8)At v 25,18 = 24,43 + (+9,8)At v
AtDtoG=01085‘/ AtDmG=0,08S\/
G—-

OPTION 3: UPWARD AS POSITIVE

OPTION 4: DOWNWARD POSITIVE | Other equations of

AtoG

vy = V; + alAtgroyna
—25,18 =12+ (—9,8)Atng\
Atground =379s v

AtoD
i

1
Ay = 'UiAt + =
1
(=25 +1,9) = 124t + > (~9,8)AtFo0, ¥

2 aAtCZlOOT
AtdOOT’ = 3,72 S

motion, and

energy equations,
and combinations
thereof, may also

AtoG

Vr = + aAtground
25,18 =—12 + (+9,8)Atgm

Atground =379s v be used.
AtoD

1 /
Ay = viAt + —aAtéoor

2
1

(+25 = 1,9) = —124t + > (9,8)AtFo0, ¥

Atgoor =3,72s

DtoG DtoG
Atgoor—grouna = 3,79 — 3,72 Atgoor—grouna = 3,79 — 3,72
=0,07sv =0,07sv
20.3 @
' T UPWARDS AS POSITIVE — T DOWNWARDS AS POSITIVE
w12 %
E \ 1,22 ’ £
i) : - o
2 Time/Tyd (s) E = &
3 T / ' Time/Tyd (s)
L2 B 12
= >
5 -25,‘|8‘Ir g
g °
> ! (3)
[16]
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QUESTION 21

21.1

Motion under the influence of gravity/weight/gravitational force only. v'v OR
Motion in which the only force acting is gravity.

21.21 1 opTION 1
UPWARD AS POSITIVE

1
Ay = v;At + EaAt2 v

1
152 = (0)At + (-9,8)A” ¥
At=176sv

DOWNWARD AS POSITIVE
1
Ay = v;At + EaAt2 v

1
15,2 = (0)At + §(+9,8)At2 v
At=176sV

OPTION 2
UPWARD AS POSITIVE
vf = v} + 2aldy

= 02 + 2(—9,8)(~15,2)
vy =—17,26 m-s™*

Ve =v; +alt v
~17,26 = 0 + (=9,8)At v

DOWNWARD AS POSITIVE
v} = v} + 2aly

=02 4+ 2(+9,8)(+15,2)
v =1726m-s7!

vy =v; +alt v
17,26 = 0 + (+9,8)At v

FS/2024

Other
equations
of motion
and energy
formulae
may also
be used.

21.2.2

Physics Revision Book: Answers

At =1,76sV At =1,76sY
OPTION 3 UPWARD AS POSITIVE
Epecn(top) = Epecn(bottom) vy =v; + alt v
(Ep +Ex),, = (E, +E) -17,26 = 0+ (=9,8)At v

1t 14 i bottoni i At = 1,765 v

mh+—mv) =(m h+—mv)
( g 2 top g 2 bottom OR

DOWNWARD AS POSITIVE
Ve =v; +alt v
» 17,26 = 0 + (+9,8)At v
At =1,76sV

1
vp=1726m-s7!

OPTION 1
UPWARD AS POSITIVE

At for A for 3,2 m:
1
Ay = ViAtA + EaAti v

1 2
AyB = ViAtB + EaAtB

1 1
3,2 = (0)Aty + (~9,8)At; ¥ 0= v,(095) +5 (~9,8)(095)¥
Aty =081s

v, =4,66m-st
At for B: / . Magnitude of v; = 4,66 m-s~1 v

w Aty =1,76 —0,81v =095

@)

OPTION 2
DOWNWARD AS POSITIVE

At for A for 3,2 m:
1
Ay = ViAtA + EaAti v

12
Ayg = v;Atg + EaAtB

1 5 1
3,2 = 0At, + > (+9,8)At3 v 0 = v;(0,95) + §(+9,8)(0,952)\/

Aty =0,81s v, =—4,66m-s!
At for B: / ~ Magnitude of v; = 4,66 m- s~ v

~ Aty =176 -081v =095s

Other
equations
of motion
and energy
formulae
may also
be used.

(%)
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21.3
4 UPWARDS AS POSITIVE * DOWNWARDS AS POSITIVE
15,2 Marking criteria
' 1,76
. A - 0 081 p > e Initial position of ball
E E Time (s) A=152mandB=0m. v
g S B e Starting time for A=0 s and
E= = B=081s.v
§ B 4 e Both balls strike the ground
e att=1,76s. v
081 ’ > A e Shape of graph for ball A. v/
’ 1.76 Time (s) -15,2 e Shape of graph for ball B. v/
v v (5)
[15]
QUESTION 22
221 Motion under the influence of gravity/weight/gravitational force only. v'v/
Motion in which the only force acting is gravity/weight/gravitational force. (2)
22.2
UPWARDS AS POSITIVE: A-B DOWNWARDS AS POSITIVE: A-B
vf = v} + 2a0y v vf = v} + 2ahy v
02 = v? + 2(—9,8)(5,89) v 0 = v? + 2(+9,8)(~5,89) v
v; = +10,744m - s™! v; =—10,744m-s™!
Speed = 10,744m-s™1 v Speed = 10,744m-s"1 v
(3)
22.3.1 |OPTION 1

UPWARDS AS POSITIVE: A-G

vf = v} + 200y v

v? = 10,7442 + 2(—9,8)(~15,3) v
= 415,3135

vy =-20379m-s™?

OR

UPWARDS AS POSITIVE: A-G
1
Ay = v;At + E(JLAt2 v

1
153 = (10,744)At + 5 (-9,.8)At> ¥

At =3,18s

v = v; + alt
= 10,744 + (—9,8)(3,18)
=-2042m-s7!

UPWARDS AS POSITIVE: B-G
v} = v} + 2aby v

OR v} =02+2(-98)(-21,19) v B
= 415,324
vp =—20379m-s7! A-t-1-¢
OR D
UPWARDS AS POSITIVE: C-G
Ufz =v? + 2aly v G
OR 72 = (~10,744)% + 2(-9,8)(~15,3) ¥
= 415,3135
vy =—-20379m-s™?

i DURING COLLISION
{AE, = Eyy —E v

Energy equations may also be used
to calculate the strike speed at the
ground.

H 1 2 2
EAEk = Emvf _Emvi

1 1 :
=5 (0,5)(11,922) — > (0,5)(20,379%) v |
=6831] v
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OPTION 2
DOWNWARDS AS POSITIVE: A-G DOWNWARDS AS POSITIVE: B-G
v} = v} + 2a0y vV v} = v} + 2ahy v 5
v} = (—10,744)* + 2(+9,8)(+15,3) v OR v} =02 +2(+9,8)(+21,19) v
= 415,3135 = 415,324
v =20379m s v =20379m- s A1 ¢C
OR OR D
DOWNWARDS AS POSITIVE: A-G DOWNWARDS AS POSITIVE: C-G g
1 2 _ 42 v
Ay = v At + —alt? v vfz vi ZaAyz
2 L OR v; = (+10,744)% + 2(+9,8)(+15,3) v
+15,3 = (—10,744)At + 5(+9,8)At2 4 = 415,3135 .
At=318s vf=20,379m-s
ve=v;+alt
= —10,744 + (+9,8)(3,18)  DURING COLLISION
= 20,42m'5_1 EAEk =Ekf_Eki v
i 1 1
(AE, = -mvf — >mv}
: . 2 2
Energy equations may also be used 1 1 i
to calculate the strike speed at the =3 (0,5)(11,92%) — 3 (0,5)(20,379%) v
ground. =6831] v ;
......................................................... (5)
22.3.2 |UPWARDS AS POSITIVE: G-D  DOWNWARDS AS POSITIVE: G-D B
Ve =v; +alt v vp =v; +aldt v
0=11,92 + (—9,8)At v 0=—11,92 + (+9,8)At v a-l-d-¢
At =1,225V At =1,225V
D
G
(3)
2241 11,92 (ms") v (1)
2242 10,74 (ms") v (1)
2243 1,22 (s)v (1)
[16]

Physics Revision Book: Answers

© Free State Department of Education



Physitacsaislespiet 1A rom Stanmorephsysics.com FS/2024
MOMENTUM AND IMPULSE
QUESTION 1
1.1 p=myvv OR [ p=mv v = 50(-5) v = - 250 kg'm-s-"
= 50(5) v = 250 kg'm's™' v' (downward) .. 250 kg'm-s' v (downward) (3)
1.2 The product of the net force and the time interval during which the force acts. v'v' (2)
1.3 Ap = FretAt 4 Ap = FretAt 4 Ap = FretAt v
0-250 v = Fnet(0,2) 250 - 0 v'= Fnet(0,2) 50(0 — (-5)) v'= Fnet(0,2)
Fret=-1250N .. Fnet=1250N v Fret=1250 N v Fret=1250 N v (3)
14 Greater than v’ (1)
1.5 For the same momentum change, v
the stopping time (contact time) v'will be smaller (less), v
.". the (upward) force exerted (on her) is greater. (3)
2]
QUESTION 2
2.1 Momentum is the product of an object's mass and its velocity. v'v/ (2)
22 Direction of motion positive: Direction of motion negative:
Ap =mvi-mvi v Ap =mvi-mvi v
= (175)(0 - (+20)) v'=-3 500 kg'm-s™" v/ =(175)(0 - (-20)) v'= 3 500 kg'm-s! v/
..Ap = 3 500 kg-m-s-' opposite to direction of | .. Ap =3 500 kg-m-s-" opposite to direction of
motion v/ motion v/ (4)
2.3 Direction of motion positive: Direction of motion neqgative:
FretAt = Ap v FretAt = Ap 4
f(8) =-3500v f(8) =3500 v
f =-4375NV f =4375NV (4)
..f=437,5 N opposite to direction motionv' ... f=437,5 Nopposite to direction of motion v/ [10]
QUESTION 3
3.1 A collision in which both total momentum and total kinetic energy are conserved. v'v/ (2)
3.2 OPTION 1
For ball A
(Emech)top = (Emech)bottom
(Ex + EP)top = (Ex + EP)bottom Any one v/
(¥amv? + mgh)wp = (¥2mv2 + mgh)sottom
¥ (0,2)(0)? + (0,2)(9,8)(0,2)top = Ex + m(9,8)(0)bottom v*
Ex=0,39J v
OPTION 2
Whe = AEp + AEx v« 0 = mg(hr — hi) + ¥am(vi — vi2)
0 =(0,2)(9,8)(0,2 - 0) + Yamvr? — %% (0,2)(0)? v ~ Ex= 0,39 J v (3)
3.3
2 Ekbvefore = ZEkafter v
Ekia +Ekis = Ekta + Ekms Any one
Exia +Exis = %2 mavia? + Ekms
0,39+ 0v =% (0.2)vir2 + 0,12 v =~ via = 1,64 m-s! v (4)
3.4 Exkbefore = Y2 mavia2 .. 0,39 = %% (0,2) via2v" .. via= 1,98 m's’
Impulse = m(vs - vi) v'Any one
Impulse = m(via- via)
=0,2(-1,64) v-(0,2)(1,98)v = 0,72 N's v (5)
[14]
QUESTION 4
4.1 OPTION 1 OPTION 2
Take motion to the right as positive. Take motion to the left as positive.
2pi = 2p }/ Anyone | 2Pi=Zp v" Any one

(M1 + m2)vi= mive + mave
(3 +0,02)(0) v = (3)(-1,4) + (0,02) vip v/
vi,=210 m's'v

(m1 + Mm2)vi= m1ve + mave
(3+0,02)(0) v = (3)(1.4) + (0,02) vio v
vie=-210m-s' .. speed =210 m's'v
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4.2 OPTION 1 OPTION 2
v = V2 + 2aAx v .
o 10+ aar04) v Ax = [%jm, 0,4=(2102+0jm .
a=-55125m-s?
.. At=0,004 s (0,00381s)
Fret= ma v’ FretAt = Ap = MAV v .-, Frer = (002)(0-210)
= (0,02)(-55 125) v/ 0,004
=-1102,5N =-1050N
Magnitude of force =1 102,5N v Magnitude of force = 1 050 N v/ (5)
4.3 The same as/equal v/ (1)
[10]
QUESTION 5
5.1 The total (linear) momentum of an isolated/(closed system v'_is constant/conserved. v (2)
5.2.1 2pi=2pv
M1Vqi + MaVzi = MqaVes + Mavay
(my +mMg)vi = MyVqp + MaVar
0v = (0.4)vq; + 0,6 (4)v
Vyy=-6 m-s
=6ms” to the left/na linksv "
4
5.2.2 OPTION 1 OPTION 2 OPTION 3
Ap = FratAtY vi=wv; +ant AP = FpaAty
[(0.6)(4) - O] = Fpet (0,3)v 4=0+a(0,3) [(0,4)(B) = 0]¥ = Fre (0,3)v
Fret = 8 Nv a=1333ms? Fret =8 NY
OR/IOF ORIOF
m(‘“’f - Vi} = Fnelﬂt‘/ Fnat =ma m(vf - Vi} = anlAt‘/
0,6(4 — 0)v'= F (0,3} =0,6(13,33) 0,4(6 — 0)v'= Fpet(0,3)v
Fret =8 Nv' Frat = 8 Nv Fret = 8 Nv' (4)
53 Nov (1)
[11]
QUESTION 6
6.1 The total (linear) momentum of an isolated/closed system v’ is constant/conserved. v/ (2)
6.2.1 OPTION 1 OPTION 2
2pi =2 pr Apskg = -Ap3ig ¥V’
M1 V1i + Mavai = m1 vis + m2V2f}\/ any one MVs - MVi = MVi - MV
M1 V1i + Mavai = (M1 + mM2)vs 5vi —(5)(4) v = 3vi—(3)(0) v
B+ (3)0) vV =(5+3)vv ~v=25ms'V vi=25ms!v 4)
6.2.2 OPTION 1 FretAt = Ap = (pr— pi) = (Mvi—mvi) v~ Fret(0,3) v =8[(0 —(2,5)] v
Fret =-66,67 N . Fnet = 66,67 N v
OPTION 2 OPTION 3
m(vi —v;) 8(0-25y |V=VvitaAt.0=25+a(03)v ~a=-8333ms?
Fret=ma v’ = At = 03 Fret=ma v =8 (-8,333) v = - 66,67 N
’ = Fret = 66,67 N v/ (4)
=-66,67 N . Fnet=66,67 NV [10]
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QUESTION 7
71 A system on which the resultant/net external force is zero. v/ (2)
7.21 OPTION 1 OPTION 2
p=mvv . 30000 =(1500) v Ap =mvi—mviv . 0=(1500)vi—30000 v
~v=20m-ss'v ~v=20m-ss'v (3)
7.2.2 OPTION 1 OPTION 2
2Pi=3ps }/ for any Apa = -Aps } v for any
M1 Vii + M2vai = M1 Ve + Mava pr— pi = -(mvs - mvi)
30 000 + (900)(-15) v" = 14 000 + 900vsv’ 14 000 — 30 000 v'= 900vs — 900(-15) v
~vg=2,78 m-s! veast v vi= 2,78 m's'v east
723 | OPTION1 OPTION 2
Slope = 2P _ ¢, (14000 -30 000) v FreiAt = Ap v/
ope = A e T 202-201 ¥ Fnet(0,1) v = 14 000 — 30 000 v

Frnet = - 160 000 N
=-160 000 - Fnet=160000N v | F . =160 000 N v/

OPTION 3
FretAt = Ap v* . Fnet(0,1) v/ = 900[(2,78) — (-15)] v* -~ Fnet =- 160 020 N (4)
Fa=-Fg = Fnet =160 020 N v [13]
QUESTION 8
8.1 AX 02 AX 04 AX 06
V=— =22 = a1 V=— =21 = a1 V=—=2" = o1
At T g D 00mS At Tg O0mS At Tz T00mS
v Formula v" Correct substitution in all three equations. v" Arriving at correct answer. (3)
8.2 The total linear momentum of a closed/isolated system is constant/is conserved. (2)
8.3 2pi = Zps
M1V1i + M2v2i = M1V + Mavar }‘/ Any one
(3,5)(0,5) v = (3,5 +6B)vi v
Vi= Vekg = 0,184 m-s-"
For trolley B: /\ For trolley A:
FretAt = Ap = mAvY FretAt = Ap = mAvY
Fnet(0,5) = 6(0,184 -0) V' i Fret = 2,21 Nv’ Fret(0,5) = 3,5(0,184 -0,5) V' i Fret = - 2,21 N-
Magnitude of the average net force - Magnitude of the average net force (6)
experienced by trolley B = 2,21 N-v experienced by trolley B = 2,21 N-v [11]
QUESTION 9
9.1 It is the product of the resultant/net force acting on an objectv” and the time the resultant/net force
acts on the object. v/ (2)
9.21 p=mvv =(0,03)(700) v =21 kgm's' v (3)

9.2.2 OPTION 1

At for a bullet = 80 = 0,27 s
220

Ap _21-0
A 027

~average force of bullet on gun = 77,01 N/ 77,8 N to the west v/
OPTION 2

FretAt = Ap = (pr— pi) = (mv}— mvi)

FretAt = Ap = (pf— p|) = (me - mVi) OR Fave gun on bullet = v = 77,01 N v (77,78 N)

Ap v' Any one

Tt
Aptot = (21)(220) v = 4 620 kg'm's™

Fave gun on bullet = % v = 77,00 N v

Fav

- average force of bullet on gun =77,01 N/ 77,78 N to the west v/ (5)
9.3 77N /77,78 N v to the east v (2)
[12]

QUESTION 10
10.1  The total linear momentum of a closed/isolated system is constant/conserved. v'v/ (2)

10.2 2pi = Zps
MBgBVBi + MbVbi = MBVBf + MbVbf } v Any one
Apoutiet = -APblock
(0,015)(400) v + 0 =(0,015)ver +2(0,7) v' - Ver= 306,67 m's'v (4)
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10.3 OPTION 1
FretAt = Ap }
Ap = mvs - my; Y Any one
For bullet: For block:
Ap = (0,015)(306,666 — 400) v Ap =(2)(0,7-0) v
= -1,4 kg'm-s" =1,4 kgm's™
Fnet(0,002) =-1,4 - Fret=-700 N Fnet(0,002) =14 - Free=700N
Whet = AEk * Fnet = ma
FretAxcosB = %2 m(vi — vi?) -700 = (0,015)a OR 700 = (0,015)a
(700)Axcos180° = 14(0,015)(306,672—4002)v a=-46 666,67 OR 46 665 m-s2
~Ax=0,71mVv
Ax = vildt + V2 aAt?
= (400)(0,002)v" + ¥2(-46666.,67)(0,002)?v"
=0,71 m (0,70667) mv’
OR
vf2 = vi 2 + 2alAx
(306,67)% v'= (400)? + 2(-46 666,67)Ax v’
Ax =0,71m (0,70667 m) v
OPTION 2
vi=vi+alAtv' . 306,666 =400 + a(0,002) v' - a=-46 667 m-s?
(5)
vi2=vi?+2alAx - (306,666)* v'=400%+ 2(-4667) Ax v .. Ax=0,71m (0,706 m) v [11]
QUESTION 11
11.1  The total linear momentum of a closed/isolated system remains constant/is conserved.v'v’ (2)
11.2  Zpi=Zpr } v any one
m4v1i + Mavai = M1V + mavas
For the system cat-skate board A
(3,5)(0) + (2,6)(0) v = (3,5)Vskateboard + (2,6)(3) v’ - Vskateboard = 2,23 m-s™" v' to the left v/ (5)
11.3 OPTION 1 OPTION 2
FretAt = Ap = mvs- mvi v’ FretAt = Ap = mvs - mv; v/ (3)
=(3,5)(1,28—-0) v =4,48 N-s v =(2,6)(1,28—-3)v =-448N-s v [10]
QUESTION 12
121 E(mech top) = E(mech bottom)
(Ep + Ex)topibo = (Ep + Exk)bottom }\/ for any
(mgh + %2 mv2)tep = (Mgh + %2 Mmv2)bottom
(1,5)(9,8)(2)+0v=0+% (1,5v?Y . v=6,26 ms' v 4)
12.2  The total linear momentum of a closed/isolated system is constant/conserved. v'v’ (2)
12.3  Zpi=Zps
M1v1i + M2vai = Mavis + Mavar ~v" for any
Mavii + Mavai = (M1+ m2)v
(1,5)(6,26)+0 v =(15+2)viv - vi=2,68 m-s'V 4)
12.4 OPTION 1
— OPTION 2
fx= vty - (2.68)3) ¥ AX=VAL+ Vs ah v
’ =(2,68)(3) + 2 (0)(3)2 v (3)
=8,04mVv (Range 8,04 — 8,05) [13]
QUESTION 13
13.1 Momentum is the product of the mass of an object and its velocity. v'v/ (2)
13.2  Totheleft v Newton's third law v/ (2)
NOTE: For QUESTIONS 13.3 and 13.4 motion to the right has been taken as positive.
13.3 OPTION 1 .
2pi= 3pr

Physics Revision Book: Answers

miv1i + mavai = mqvas + mavos
mass of girl is m
{(m + 2)(0)} + {8(0)} v = {(m + 2)(-0,6)} ¥ + (8)(4) ¥ -~ m=51,33 kg ¥

OPTION 2 OPTION 3

Zpi = pr Apgirl = -Apparcel 4

MmiVv1i + Mavai = M1ver+ mavar m(vs — Vi) = -m(Vf- Vi)

0 = mavis + mavar v (m+2)-06-0)v=-84-0)v
0v' = (8)(4) v+ mz(-0,6) v m =51,33kg v

- m2 =53,33 kg . mgin = 53,33 -2 =51,33 kg v

(®)
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13.4  Impulse = Ap = m(vi—vi) v = (51,33 + 2)(-0,6 — 0) v' = -32 N-s/kg-m-s™’
Magnitude of impulse is 32 N's /32 kg-m-s' v/
OR
Impulse = Apparcet = m(vs —vi) v' = (8)(4 — 0) v = 32 kg m-s™! .. Apgin = 32 kg m-s' v/ (3)
13.5 32kgm-s' v to the right/opposite direction v’ (2)
[14]
QUESTION 14
14.1  The total (linear) momentum in a isolated/closed system remains constant/is conserved. v'v’ (2)
14.2 OPTION 1
2pi = 3pr
M1Vii + M2vai = Mavie + Mavar ( VAny one
M1V + M2vai = (M1 +m2)vs
{0,45(9) + 0,20(0)} v = (0,45+0,20)v v . v=6,23ms'v
OR
Apball = - Apcont V' =+ 0,45(v—=9) v =-0,2(v=-0)v =~V = 6,23 m-s'v (4)
143 K=%mv
Total kinetic energy before collision: %4 (0,45)(9)2 + 0 v'= 18,225 J
Total kinetic energy after collision: %% (0,45 + 0,20)(6,23)%v = 12,614 J
> Koefore # Y Kater - Collision is inelastic. v'v/ (5)
[11]
QUESTION 15
15.1 Isolated system is a system on which the resultant/net external force is zero.v'v’ (2)
1521 p=mv v
24 =m (480) v
m = 0,05 kg v (3)
15.2.2 | OPTION 1 OPTION 2
FretAt = Ap } v'Any one vi = Vi + alt
FretAt = (Poultet)t - (Poullet)i 80 =480 + a(0,01) v
FretAt = (meuIIet)f- (meuIIet)' a=-40000 m-s2
Fnet(0,01) v" = (0,05)(80) - 24 v
Fret =-2 000 N Fret=ma v’
Fret=2 000 N v" west v/ = (0,05)(-40 000) v
=-2000N
Fret=2 000 N v" west v/ (5)
[10]
QUESTION 16
16.1 (Linear) momentum (of an object) is the product of mass and velocity. v'v' (2)
16.2.1 OPTION 1

Physics Revision Book: Answers

East as positive
>pi=>pr }/Any one
MpVpi + MaQVai = MpVpf + MaVaf

(0,16)(10) + (0,2)(-15) v'= (0,16)(-5) +(0,2)var v’
vaf= -3 m-s!

vaf =3 m-s'v west v

OPTION 2

West as positive
2Pi= s } v'Any one
MpVpi + MaVai = MpVpf + MaVas

(0,16)(-10) + (0,2)(15) v'= (0,16)(5) +(0,2)Qn v
var=3 m's'v west v
OPTION 3
App = -Apa v
(0,16)(-5 = 10) v'= -(0,2)(v — (-15))v
v=-3m-s

=3 m-s' vwest v

IF: App = Apa: g

(®)
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16.2.2 Forball P For ball Q
West as negative West as negative
Impulse = Ap Impulse = Ap
Freit = Ap v'Any one FretAt = Ap } v Any one
Ap = m(ves — Vpi) = m(var — Vai)
=0,16(-5-10) v =0,2[-3-(-15)] ¥
=-24 =2,4N-s v (2,4 kgm-s™)
~24Nsv (24kgmsT')
OR
OR West as positive
West as positive Impulse = Ap
Impulse = Ap FretAt = Ap v'Any one
FretAt = Ap = m(var — vai)
= m(ver - m)} Y/Any one = 0,16(3 — (15)) v
=0,16(5 - (-10)) v =-24N-s
=24 NsVv & 24Nsv (2,4 kgm-sT)
QUESTION 17
17.1  The total (linear) momentum of an isolated system remains constant (is conserved).v'v'
OR

The total (linear) momentum before a collision is equal to the total linear momentum after
collision in an isolated system.

UPWARDS AS POSITIVE

>pi=Ypr v OR/OF

(m1 + m2)vi = mvar + mavet

(2m +3m)v v'= (3m)(- 7v) + 2mver v
vef = 3v v'upwards v’

17.2

17.3  Impulse

17.4 4
z
E
)
“o =
& Time/Tyd (s)
Y
QUESTION 18
18.1 A collision in which both the total momentum and total kinetic energy are conserved.v'v’
182 EAST +
ZEki = ZEkf v

1 1
5(10)(22) + E(2)171-2/ =0+36V

vy=4m-s™' v west v

18.3 |OPTION 1 OPTION 2
EAST + for Y EAST + for X
FrecAt = Ap v FpeeAt = Ap vV
Fret(0,1) = 2(6 - (_4’)) v Fpet(0,1) =10(0 —2) v
Free = 200N Fhet = —200N
Magnitude of Fret = 200 N v/ Magnitude of Fnet = 200 N v/

FS/2024

(3)
[10]

()

()
(1)

(2)
[10]

()

(3)
[10]
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QUESTION 19
A system on which the resultant/net external force is zero. v'v'

19.1

19.2.1 According to Newton 3" Law v the rocket exerts a force on the toy cart to the left / opposite to
direction of motion. v OR
The toy cart exerts a force on the rocket to the right v and the rocket exerts a force on the toy cart
to the left / opposite to direction of motion. v OR
The rocket experiences a change in momentum to the right v'; the toy cart experiences a change
in momentum to the left. v OR
Aptoy cart = -Aprocket vv OR
Total momentum is conserved / remains constant. v The momentum of the rocket increases.
Therefore, the momentum of the toy cart must decrease. v OR
The rocket experiences an impulse to the right. v' Therefore, the toy cart experiences an impulse
to the left. v OR
Impulserocket = -Impulsetoy cart v'v'
1922 OPTION 1 OPTION 2
RIGHT AS POSITIVE RIGHT AS POSITIVE
z:pi = pr v Apcart = _Aprocket v
(20 + Mypcper) 2,5 v =(20)(0,6) v + Mrocket (30) v | (20)v (0,6 —25) v = —Myocker (30 — 2,5) v
Myocker = 1,38 kg v Myocker = 1,38 kg v
QUESTION 20
201 In an isolated/closed system the total (linear) momentum is conserved/remains constant. v'v'
20.2.1 OPTION 1
EAST AS POSITIVE WEST AS POSITIVE
Ip; =Zps v Ip; =Zps v
My Uiy + myviy = mxvfx + myvfy m, Vi, + myviy = mxvfx + myvfy
(1,2)(8)Y + (0,5)(0) = (1,2)(4) + (0,5)vgy v (L,2)(=8) +(0,5)(0) = (1,2)(—4) + (0,5)vgy ¥
vpy =96m-s7V Vpy = —9,6m-s!
SV =96mesTHY
OPTION 2
EAST AS POSITIVE WEST AS POSITIVE
Ap, = _Apy v Ap, = _Apy v
My (Vpy — Vix) = —my, (Vry-Viy) My (Vpy — Vixy = —M,y (Vry-Viy)
(1,2)(4 -8)Y =—(0,5)(v;y —0) v (1,2)(—-4 - (-8))v =—(0,5)(v, —0) v
Ve, =9,6m-s”tY vpy = —=9,6m st
SV ==96m-s7Y
20.2.2

OPTION 1

FOR Y: EAST AS POSITIVE
FpeeAt = Ap vV

FoeeAt = mx(vf - vi)

Fret(0,1) = (0,5)(9,6 — 0) v
Fpetony = t48 N Y

& Magnitude of Fpetony = 48N Y

FOR Y: WEST AS POSITIVE
FretAt = Ap v

FoeeAt = mx(vf - vi)

Fnet(o'l) =(0,5)(-96-0) v
Foetony = —48 N

~ Magnitude of Fpet ony = 48N Y

OPTION 2

FOR X: EAST AS POSITIVE
FpoeAt = Ap vV

FoeeAt = mx(vf - vi)

Fret(0,1) = (1,2)(4 — (+8)) ¥
Fretonx = —48N

Fretony = +48 N v

& Magnitude of Fpet ony = 48N Y

FOR X: WEST AS POSITIVE
FrecAt = Ap v

FretAt = mx(vf - vl-)

Fnet(o’l) = (1;2)(_4 - (_8)) v
Fretonx = +48 N

Fretony = —48 N

~ Magnitude of Fpet ony = 48N Y

Physics Revision Book: Answers
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20.3 Inelastic v/

1 2 1 2
XE; = mevx + Emyvy

Once for: E;, = %mvz 4

1 2 1 2
LEps = omyvy +5myvy

2 2

1 1 1 1
=3 (1,2)(8%) + 3 0,5)(0%) v =5 1,2)(4%) + > (0,5)(9,6°) v
=384] =32,64]
o XEpp # ZE v

QUESTION 21
21.1 In an isolated system the total (linear) momentum is conserved/remains constant. v'v/
21.2.1

OPTION 1

RIGHT AS POSITIVE LEFT AS POSITIVE

Ip; = Zpy v Ip; =Xps v

myVy; + mpvp; = (Myyp) v MyVy; + MpVp; = (My4p)Vf

(7,2)(0,4) + (5,3)(0) = 12,5v v/ (7,2)(=0,4) + (5,3)(0) = 12,5v; v

v =0,2304m s vy = —0,2304m-s?

~ Magnitude of vy = 0,2304m s~ v . Magnitude of vy = 0,2304m-s™'v

OPTION 2

RIGHT AS POSITIVE LEFT AS POSITIVE

Apy = —Apg vV Apy = —Apg v

mA(vAf - vAi) = —mB(VBf - UBi) mA(UAf - UAi) = _mB(VBf — Vgy)

(7,2)(vs — 0,4) = —(5,3)(v; — 0)v (7,2)(vs — (=0,4)) = —=(5,3)(v; — 0) V'

vy =0,2304m-s7! vy = —0,2304m-s7*

~» Magnitude of vy = 0,2304m-s™1v ~» Magnitude of vp = 0,2304m-s™1v
21.2.2

OPTION 1: RIGHT AS POSITIVE
FnetAt = mB(Uf - ‘(]i) v
Fpe:(0,02) = 5,3(0,2304 — 0) v/
Fper = 61,06 N

~ Magnitude of F,,; on B = 61,06 N v

Force of Aon B

LEFT AS POSITIVE

FnetAt = mB(vf - Ui) v

Fpet(0,02) = 5,3(—0,2304 — 0) v/

Frpet = —61,06 N

~ Magnitude of F,.r on B = 61,06 N v’

OPTION 2: RIGHT AS POSITIVE
FrecAt = mA(vf - vi) v

Fp.:(0,02) = 7,2(0,2304 — 0,4) 4
Fpet = —61,06 N

~ Magnitude of F,,; on B = 61,06 N v

Force of Bon A

LEFT AS POSITIVE

FretAt = mA(vf - vi) v

Fo0r(0,02) = 7,2(—0,2304 — (—0,4)) v
Fror = 61,06 N

~ Magnitude of Fp.. on B = 61,06 N vV

Physics Revision Book: Answers
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QUESTION 22

22.1
22.2

223
224

591 N to the right v/

OPTION 1

RIGHT AS POSITIVE

FpeoeAt = mAp v

FpeiAt = mvy — my;

(—=591)(0,02) v = (0,03)(0) — (0,03)v; v
v; =39 m-s7!

Magnitude of velocity = 394m-s~1 v

LEFT AS POSITIVE

FpetAt = mAp v

FpecAt = mvy — my;

(+591)(0,02) v = (0,03)(0) — (0,03)v; v’
v;=-394m-s7?!

Magnitude of velocity = 394m-s™1 v

OPTION 2

RIGHT AS POSITIVE
Fnet =ma

~591 = (0,03)a v
a=-19700m-s2

Ve =v; +alt v

0 =v; +(—19700)(0,02) v

v; =394m-s7!

Magnitude of velocity = 394m-s~1 v

LEFT AS POSITIVE
Fpee = ma

+591 = (0,03)a v
a=+19700m-s2

vy =v; +alt v

0 =v; +(+19700)(0,02) v
v;=-39%4m-s?!

Magnitude of velocity =394m-s~1 v

In an isolated/closed system the total (linear) momentum is conserved/remains constant. v'v'

FS/2024

(1)

(4)
()

RIGHT AS POSITIVE
Ip; = Ipv
vp=136m-s7!

Magnitude of velocity = 1,36 m-s~1 v

(0,03)(394) + (2,7)(=3) ¥ = (0,03 + 2,7)v; v

LEFT AS POSITIVE
Ip; =IpY

(0,03)(=394) + (2,7)(+3) v = (0,03 + 2,7)v; v

vp=—-136m-s7!
Magnitude of velocity = 1,36 m-s™1 v

(4)
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WORK, ENERGY AND POWER
QUESTION 1
1.1.1 In an isolated/closed system, v the total mechanical energy is conserved/remains constant. v* (2)
112 Nov )
1.1.3 OPTION 1 OPTION 2
Along AB Along AB
Emech at A= Emech atB Whet = AEk v
(Ep + Ex)a = (Ep + Ex)s }“A”V ON€ | FgAhcosB = 5 m(ve — vi2)
(mgh + %2 mv2)a= (mgh + % mv2)s (10)(9,8)(4)cos0° = V5 (10)(vi? — 0) v/
(10)(9,8)(4)+ 0 =0+ % (10) vV vi = 8,85 m-'s!
vi = 8,85 m-s™!
Substitute 8,85 m's™ in one of the following options
Along BC Along BC
Whet = AK v* - fAX cosB = AK Whe = AK + AU v . f AxcosB = AK + AU
f(8)cos 180° v'= % (10)(0 — 8,852) v f(8)cos 180 v'=% (10)(0-8,859)+ 0 v
f=4895N v f=4895N v (6)
1.2.1  fk = kN v = gykmgcosB = (0,19)(300)(9,8) cos 25° v = 506,26 N v (3)
1.2.2 F Fn Fret =0 OR Fapp *+ (-Fgsin@) + () =0 v
app Fapp - (300)(9,8)sin 25°v" - 506,26 v = 0
Fapp =1748,76 N
Pave = Fvave v = 1748,76 X 0,5 v = 874,38 W v
(6)
[18]
QUESTION 2
2.1 AU +AK =0v
(5)(9,8)(5) + 0¥ + (0 + % (5vF) =0
Vi 4f2x8,8x5
=9,90 ms™'v (9,899 ms™) )
2.2 No friction/zero resultant force v* and thus no loss in energy. v/
OR Only conservative forces are present. OR Mechanical energy is conserved. (2)
2.3 The force for which the work done is path dependent. v'v' (2)
24 OPTION 1
Woe = AU +AK
F Ax cosB = AU +AK
(18 Ax cos 180v) = (5 ) ( 9,8) (3 -0)v + ¥ (5) (0 - 9,90%)v
Ax = 5,4458mv’
—ain-1
O SN 5 a8~
9 =33.43°v
OPTION 2
Woa = Wi+ Wev
Wret =f AX c0s0 + mgsinBAxcosd
=[(18 ) Ax cos 180°) + 5 {9,8)%{&}(}005180"]1/
=-18Ax - 147
Woa = AKY
AK = % ( 5) (0 - 9,90%)v
=-245,025
-18Ax — 147 = -245,025
A% =5,4458 mv’
FEECR | 3
0 =sin 22258 "
8 =39,43% (7)
[15]
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QUESTION 3
3.1 If the work done in moving an object between two points depends on the path taken (then the force
applied is non-conservative). v'v’ (2)
321 NoVv (1)
3.2.2 Since there is no acceleration, the net force is zero v'hence net work done
(FretAx cosB) must be zero. v (2)
33 Fi-(f+F)=0v F N/Fn
OR F =mg sinB —fk
OR F = mgsinB — 266 f/Fs
F =[100(9,8) sin 25°] v — 266 v
F=148,17N Vv mg sin®
w/Fg (4)
3.4 OPTION 1

W =FAxcos® OR Whpet=Ws+ Wg+Wn OR Whet = fkAxcos180° v + mgsinBAxcos0° + 0
= (266)(3)(-1) v+ [100(9,8) sin 25° (3)(1)] v + 0=444,5J

Whet = AEK/AK = Yam(vs 2—v; 2) v/

4445 = %(100)(v¢2=0) v - vi= 2,98 m'sV

OPTION 2

Whe = AEp + AEK vV

fAxcos® v'= (mght — mghi) + ( %2 mvP — %2 mvi2)

266Ax cos180° v = (0 - mgsin25° Ax cos0°) + (2 mv — 0)

266(3)(-1) = [-100(9,8) sin 25°(3)(1)] ¥ -%2 (100)(vif— 0)v" .. vi=2,98 m's'V

OPTION 3

Whet = AEk v/

FretAxcos8 v'= %2 m(vi — vi?)

(148,17) v (3)cos0° = % (100)(v - 02) - 444,51 =50v2 v - vi=2,98 m's'v

OPTION 4

Fret=ma v

148,17v =100a v

a=148m-s?

vi2 = vi2 + 2alx v (6)
=2(1,48)(3) v Vi =298 mst! v [15]
QUESTION 4
4.1 OPTION 1 OPTION 2
ve = 800 v =10,67m-s""
Vave = @ v'=10,67m-s™’ Vave 75 ms
P = F7v5 v Distance covered in 1 s =10,67m-
ave v . W(Work done in 1 s) = FAxcos® v/
Pave = (240)(10,67) ( ) = (240)(10,67)(1)
=2 560,8 W (2,56 kW) v =2 560.8 J e
.. Pave =2 560,8 W (2,56 kW) v
OPTION 3 OPTION 4
p= ﬂ/ _FAxcos® _ (240)(800)cos0° % p= ﬂ‘/ _FAxcos6 _ (240)(800)cos0° %
At At 75 At At 75
=2560 W Vv =2560 W v (3)
4.2 Foa v N v
Accepted labels
w Fo/Fw/weight/mg/gravitational force/2 940 N
f Frriction/F /friction/294 N/fk
fv N Fn/Fnorma/normal force
WY, Fo | Fappiied/350 N/Average driving force/Fdriving force @
4.3 The net/total work done on an object is equal v to the change in the object's kinetic energy.v’ (2)
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4.4

OPTION 1
Whe =AU + AKY" = Wr+ Wp = AU + AK
(fAxcos® + FpAx cos © = mg(hr- hi ) + Y2 m(v2 — vi? )

FS/2024

(294)(450)(cos180°) v + (350)(450)cos0°v = (300)(9,8)(5 - 0) v + ¥4(300)(v2 — 0) V' - v = 8,37 m-s! v/

OPTION 2

Whet = AK v &. Whet = Wp + Wg + Wr + Wn = (FpAxcos 6) + (mg sina)AxcosB) + (fAxcosB) + 0
Whet = [350(450)](cos0°)v'+ (300)(9,8)[ S (450)(cos180°) v'+ 294(450)(cos180°)v

450
=157 500 - 14 700 — 132 300 = 10 500 J
Whet = AK . 10 500 = %4 (300)(v? —0) v Sove=8,37mst v

QUESTION 5

5.1
5.2
5.3

5.4

5.5

It is a ratio of two forces (hence units cancel). v/

The net/total work done on an object is equal v' to the change in the object's kinetic energy.v’ (2)

Fv N /Fnv

FIFs v

w [Fgv

Fsin20° + N = mgv’
N = mg - Fsin20°

Wi, = fkAx cos 8 = peNAx cos Bv
= k{mg - Fsin 20)(3)cosB
= (0,2)[200(9,8) - F sin 20]{3)cos180%
=(-1176 + 0,205 F) J¥
Wia = [Wg] + Wi+ We v
0+ =[0] H(-1176 + 0,205 F)]_+ [F {cos 20) (3} (cos 0)]v
F = 388,88 Nv

QUESTION 6
The total mechanical energy in an isolated/closed system v'remains constant/is conserved. v’ (2)

6.1
6.2.1

6.2.2

6.3

(4)
[15]

W = FAx cos0 v = (30)(

sin30°
OPTION 1
Whe = AEP+ AEK

Whae = mg(hr — hi) + ¥am(vZ —v?)
- 300 v'= (20)(9,8)(0 - 5) v+ % (20)(v—0) v - v =8,25 m-s!v
OPTION 2

Wnet = AEk

VA

Wg + Wi = Vom( v? —viz)} ny one

Wq + (-300) = %4(20)(v2-0) v

[(20)(9,8)sin30°%0030°] v+ (-300) v = 102 - vi = 8,25 m-s v

v'Any one

F = wy + f = (100)(9,8)sin30° + 25 v = 515 N
Pave = Fvave v = (515)(2) v = 1 030 W v/

Physics Revision Book: Answers

)cos® v = (30)(10)cos180° = (30)(10)(-1) = - 300 J v/ 3)

(4)
[14]
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QUESTION 7
71 Ex=v%mv2v =% (2)(4,95)2 v =24,50J v 3)
72  OPTION1

Emech before = Emech after

[(Emech)bob + (Emech)block ]before = [(Emech )Block + (Emech)bob]after Any one v’
(mgh + %2 mv2)sefore = (Mgh + %2 MV?)atter

(5)(9.8)h+0 +0v=5(9,8)%sh+0+2450v - h=067mY

OPTION 2 OPTION 3
Whe = AEp + AEk Loss Ep bob = Gain in Ex of blockv’
0 = AEp + AEk Any one v’ mg(%4h) = 24,5
-AEp = AEk (5)(9,8)(%h) v =245 v
-[(5)(9.8)(Yah) — (5)(9,8)h] v = 24,50 v/ . h=067mVv
~h=0,67mYv (4)
7.3 The net/total work done on an object is equal v'to the change in the object's kinetic energy. v (2
7.4 OPTION 1 OPTION 2
Whet = AEk v/ Whe = AEk + AU }\/
Wi + mgAycos6 = Yam(v2 —v?2) Whe = AEk + AEP
Wr +(2)(9,8)(0,5)c0s180° v = V5 (2)(22 — 4,95%) v Wi =% (2)(22 — 4,95%) v + (2)(9,8)(0,5-0) v
=-10,7 Jv SWi=-10,74V (4)
[13]
QUESTION 8
8.1 Wiet = AK v
Woet = ¥ (M + m)(vi 2 )"
Wy = fAxcos® v'=% (M + m)(v; % -v%)
10 x 2 cos180v'= % (7,02)(0-v4) v
vpp = 2,39 mrs™'v (2,387) ms” (5)
8.2 The total (linear) momentum of an isolated/closed system v'_is constant/conserved. v (2)
8.3 POSITIVE MARKING FROM QUESTION 8.1.
Ipi=Zpe ¥
Mavq + Mavy = (Mq +ma)vy
0,02v; + (7){0) = (7,02){(2,39)
0,02v;v = 7,02 (2,39) (4)
vi =838,89 ms™ v [11]
QUESTION 9
9.1
f Accepted labels
N w | Fo/Fw/weight/mg/gravitational force v
f | Friction/F#50 N v
N | Normal force/FnormaL/FNoR v
w
(3)
9.2 The net/total work done on an object equals the change in the object's kinetic energy. v'v/ (2)
9.3 OPTION 1
Whet = AEK } v'Any one
fAxcosB + FgAxcos® = Yamv2 — Yamvi?

(50)(25c05180°)v + (60)(9,8) (25c0s70°) v = 14(60)(152 — vi2) v
-1 250 + 5 027,696 =6 750 — 30\? - vi=9,95(4) m.sv

OPTION 2

Whet = AEK } v'Any one

fAxcos8 + FgjAxcos8 = Yamve? — Vomvi?

(50)(25c05180°) v+ (60)(9,85in20°)(25c0s0°) v = 4(60)(152 — vi2) v/

-1250 + 5 027,696 = 6 750 — 30y .. vi=9,95(4) m.s'v
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OPTION 3
Whe =A Ek + AEp v
fAxcosB = Y5(mvs? - mvi2) + (mgha — mghp) Any one
Emechp + Emecha + Whe =0
(50)(25c0s180°) v'= ¥4(60)(152 — vi2) v + (60)(9,8)(-25sin 20°) v/
-1250=6750-30+*-5027,696 . vi=9,95(4)m.s'v (5)
9.4 OPTION 1
Pave = FVae v = 50/% v =623, 75 W v
OPTION 2
W
At v'Any one = MAt
p= f Ax cos© 2
At o5 = (9,954+15)At v
_ [50(2500s180°)f - 62375 Wy 2 )
2004 ’ At=2,004 s [14]
QUESTION 10
10.1  The rate at which work is done. / Rate at which energy is expended. v'v/ (2)
10.2.1 | OPTION 1
W = FAxcosBv’
Woaraviy = mgAycosB = (1 200)(9,8)(55)cos180° v = - 646 800 J (6,47 x10° J)v
OPTION 2
W = - AEpv = -(1200)(9,8)(55 -0) v/ = -646800 J v (3)
10.2.2  Woounterweight = mgAycos8 = (950)(9,8)(55)cos0° v =512 050J v (5,12 x10°% J) (2)
10.3 OPTION 1
Whet = AEk
Wiravity + Weountweight + Wmotor = 0 \/Any one
Wmotor =- (Wgravity + Wcountweight)
Wnc = AEK + AEp
Substituting into any of the above equations will lead to:
-646800v" + 512050 v+ Wmotor = 0
& Whotor = 134 750 J “ P avmotor = ﬂ v = 34750 v = 748,61 wWv
At 180
OPTION 2
Fret=0 . Fgcage + Fgcount + Fmotor = Fnet v/
-117600v" + 9310V + Fmotor =0 . Fmotor= 2450 N
Pave = Fvave v’ =2450 % v = 748,61 W
OPTION 3
v v 55
P ave = Fvave v'v' =[1200 (9,8) — 950(9,8)]% v =T74861W VYV (6)
[13]
QUESTION 11
11.1  The net/total work done (on an object) is equal to the change in the object's kinetic energy.v'v’ (2)
11.2 T
Accepted labels
wv | Fg/ Fw/ weight / mg/ 58,8N / gravitational force / Fearth on block
Tv | F1/ Tension
w (2)
11.3 Wy = wAXxcosBv' = mgAxcosO Ww = - AEp v'= - mg(hs — hi)
= (6)(9,8)(1,6)cos0°v =-(6)(9,8)(0-1,6) v
~W=9408J v =94,08 Jv (3)

Physics Revision Book: Answers
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OPTION 1
Whet = AEk /AK = Vam(vs 2 — v; 2)
Whet = FnetAXcos0
Whet = Ws + Wg + Wi

= ukNAxcosB + Wy + Wi
Whet = (0,4)(4)(9,8)(1,6)cos180° v + 94,08 + 0 = 68,992 J
Whet = Yom(vi2—vi2) - 68,992v'= Y(4)(vi2—0) + Y(B) (v —0)v -v=3,71ms'V

v'Any one

OPTION 2
Whie = AEp + AEk }
v'Any one

fAxcosB = (m1ghs — mighi) + (Yamive - Yamavi2) + (Vamavi? - Yamovi2) y
(0,4)(4)(9,8) (1,6) cos 180° v'=[0 - (6)(9,8)(1,6)]v'+ (V2(6)vi? + Va(4)v? - 0)v -v=3,71mss'v

OPTION 3

Whet = AEk v/

For the 4 kg mass: T(1,6)cos0° + [(0,4)(9,8)(4)1(1,6)cos180°v" = Y5(4)v2 — 0)
For the 6 kg mass: (6)(9,8)(1,6)]cos0°+ T(1,6)cos180°v" = ¥4(6)(v2 — 0)

Adding the two equations : 68,992 = %5 (4)v2 + ¥ (B)v2 v/ v=371ms'v

(5)
[12]

QUESTION 12

121
12.2

12.3

12.4

12.5

The total mechanical energy in a closed/isolated system is constant/conserved. v'v/
Emechp = Emecha OR (Ep + Ekpe = (Ep + Ek)Q OR Whet = AEk OR Weon = AEk  OR
(mgh + % mv2)p = (mgh + %2 mv2)q v’
(50)(9,8)3+0 v=0+ %(50)v3v . v=7,67m's v

N

fi Accepted labels

w | Fo/Fw/weight/mg/gravitational force
Friction/Fs
N | Normal force/FnormaL/Fn

NN ANAN

fc=pukN OR fk = pmgcosB v/
fk = (0,08)(50)(9,8)cos30° v'=33,95N v
POSITIVE MARKING FROM QUESTION 5.4/POSITIEWE NASIEN VANAF'
VRAAG 5.4
W = FretAX cOSB
- v'1 mark for any one/
w:: ; w; : YyAw EP\;V: Wy 1 punt vir enigeyvan die drie
Wiet = fi AX cos180° + mgsin8 Axcos0 + 0

Whet = A Ex/A K

Whet = [33,948)(5)(-1)] v+ [(50)(9,8) (5)sin 30° + O]v’
= 1055, 26 (1055,259)

1055,259 = % (50) (v; = 7.6682) v

vi=10,05 ms'v

QUESTION 13

13.1

13.2

Physics Revision Book: Answers

“T

Accepted labels
Fo/Fw/weight/mg/gravitational force/N/19,6 N
Tension/F1/ Fa/

—|=

vw

Tension v OR Fapplied

(4)

(5)
[17]
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13.3 W = FAxcos6 v
Wy = mgAXcosH } any one
=75(9,8) (12)cos 180°v' =-8820J v
OR Wy =-AEp v = - (mgh —0) = -(75)(9,8)(12) v =-8 820 J v (3)
13.4  The net work done on an object is equal to the change in the object’s kinetic energy. v'v/ (2)
13.5 OPTION 1
Whet = AK v
FretAXcos® = (Y2 mve - % mViz)} any one
(75)(0,65)(12) v'cos0° v = ¥4(75)(v*- 0) v/
2vi=3,95ms'!v
OPTION 2
w"e‘__ A}f*_ ub v Whe = (V2 mvi2 - Y2 mvi2 )+ (mght - mghi)
ne = AK+ A any one 9405 v'= (% (75)v2 -0) v+ (75)(9,8)(12 -0) v/
Wr + Wg = AK vi=3.95ms'v
T-mg=ma
T-75(9,8) =75(0,65)v .. T=783,75N
Wr =783,75 (12) cos0°v = 9405 J (5)
9405 — (8820) = % (75)(vP—=0) v .. vi =395 ms' v [13]
QUESTION 14
14.1 A force for which the work done in moving an object between two points depends on the path
taken. v'v/ (2)
142 NoVv (1)
14.3 OPTION 1 OPTION 2
P=ﬂ‘/ AX:(Vf_'_Vi)At
At 2
- 48%x10° ,
(90) = [0+25j(90) =1125m
=53333,33 W 2
= 5,33 x 104 W (53,33 kW) v/ WFr = FAxcos#
4,80 x 108 = F(1 125)cos0° - F =4 266,667 N
Pave = Fvave v' = (4 266,667)(12,5) v/
=53333,33W Vv (3)
14.4  The net/total work done on an object is equal to the change in the object's kinetic energyv' v/ (2)
14.5 OPTION 1
Whet = AK v OR Wy + Wi + W = %o mvi? - 2 mvi2 OR
mgAxcosO + Wr + We = %5 mve - %5 mvi?
-.(1500)(9,8)200c0s180°v" + Wr + 4,8 x 10° v'= % (1 500)(25%2—0) v
-2 940 000 + Ws+4,8 x 106 =468 750 - Wr=-1391250J=-1,39x 108J v
OR
Whet = AKv" OR Wy + Wr + WE = % mve - %2 mvi2 OR -AEp + W + W = Y mvi - %o mvi?
~=(1500)(9,8)(200 — 0)v" + W + 4,8 x 108 v'= 1% (1 500)(252 - 0) v
-2940 000 + Ws+4,8 x 106 =468 750 - Wr=-1391250J=-1,39x 108J v (5)
OPTION 2
Whe = AK + AU v OR Wic = %2 mve - %2 mvi2 + mghs - mghi = %2 m (v?- vi2) + mg(hs - hi) OR
Whe = %2 mvi2 + mghr - %2 mvi2 - mghi OR Ws + Wg = % mve - %2 mvi2 + mght - mghi v/
~Ws+ 4.8 x 108 v'=[% (1 500)(25)? + -0] v'+[(1 500)(9.,8)(200) - 0]v
~Wr =-1,39x 108J (-1,40 x 108J )v'
OR
Whe = AK + AU v OR Whe = %2 mve - Y2 mvi2 + mghr - mghi = %2 m (v#- vi2) + mg(hs - hi) OR
Whe = %2 mvi2 + mghs - %2 mvi2 - mgh;
- Wi+ 4.8 x 108 v'=[1% (1500)(25)? v'+ (1500)(9,8)(200) v] - [0 + O] (5)
Wi =-48x108+3,4x10% =-1,39x10%J (-1,40 x 108J )v [13]
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QUESTION 15
15.1  Tension v
15.2  There is friction/tension in the system. v/
OR Friction/tension is a non-conservative force/ The system is not isolated because there is

friction/tension. (1)
15.3
N
T Accepted labels
w | Fg/Fw/weight/mg/gravitational force | v
f | Friction/Fi/f/178,22 N v
N | Normal (fOI'CE‘)/FnormaL/FN/Freaction v
f T | F1/FA/Fappiiea/700 N/Tension v
w
(4)
154 W=FAxcos® Vv
Wt = [178,22(4)cos180°] v/
=-712,88J v (3)
15.5 OPTION 1
Whet = AEk
W + Wy + Wr = AK
Ws + mgsinbAxcosB + Wt = AK
-712,88 + (70)(9,8) (sin 30°)(4) cos 180° v'+ (700 x 4 x cos 0°)v" = ¥ 70(v2 — 0)v
vi=4,52 m-s'v
OPTION 2
Whie = AEk + AEp v/
Wr + Ws = AEk + AEp
(700)(4) cos 0°) v + (-712,88) = [(70)(9,8) 4(sin 30°). -0 ] v+ % 70(vP—0) v
vi=4,52ms'v
OPTION 3
Fnet = FT —[mgsin® + f,]
=700 —[(70)(9,8sin30°) + 178,22] v’
=178,78 N
Whet = AEK v/
Fret. AxcosB = AEk
(178,78)(4)cos0° v = Yo 70(v2—=0)Y =~ vi=452m-s'v (5)
15.6  2(-712,88) =-1425,76 J v (1)
[15]
QUESTION 16
16.1 A conservative force is a force for which the work done in moving an object between two points is
independent of the path taken. v'v/ (2)
16.2  Gravitational (force) v/ (1)
16.3 NoVv There is friction v (between the object and the track). (2)
164 Ep=mgh v =(18)(98) (1,5 v =2646J v (3)
16.5 OPTION 1 OPTION 2
Whe = AK + AU }\/Any one Whet = AK
Wi = Yam(vi2 — vi2) + mg(hr — hi) Wi + Wy = Yamve? - Vamvi2 vAny one
= %(1,8)(42 - 0,952) v+ (0 — 26,46) v Wt + mgh = Yam(vs?- vi2)
=-1287J Vv Wi + mgh = Yamve? - 1amvi2
Wr + 26,46 v'= 5(1,8)[(4)? - (0,95)4] v
Ws=-1287J (-12,872J) v (4)
16.6  (Whet =)0 J/zero v )
[13]
QUESTION 17
17.1 A force is non-conservative if the work it does on an object (which is moving between two points)
depends on the path taken. v'v" OR A force is non-conservative if the work it does on an object
depends on the path taken. OR A force is non-conservative if the work it does in moving an object
around a closed path is non-zero. (2)
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17.2

17.3

17.4
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K=%mvZ/Ex =" mv2

AK = Ks - Ki

AK = vsmve - Vsmvi2 v'Any one
= om(vi- vi2)
=15(200)(22 - 42) v

AK =-1200J v

OPTION 1

Whe = AK + AU

Whie = ¥2 mvi - ¥2 mvi2 + mghs - mghi v'Any one
=% m (vi>- vi?) + mg(hs - hi)

-3,40 x 103 v/ = -1 200 + 200(9,8)(hi - 10) v
h=8,88mv (8,87765m)

OPTION 2

E(mech/meg)A + W = E(mech)B

(Ep +Ex)a+ Wi = (Ep +Ek) 8 } v'Any one
(mgh + 2mv2) a + Wr = (mgh + ¥amv2) s

200(9,8)(10) + ¥5(200)(42) - 3,40 x 103 v = 200(9,8)(h) + ¥2(200)(2)2 v
h=888mv  (8,87755)

OPTION 3

Wnet = AK

Wi + Wy = Yamvi? - amvi2

Wi — AEp = Yamve? - Yamvi2 v'/Any one

Wi - mg(hs - hi) = Yam(ve- vi2)

-3,40 x 103 - 200(9,8)(h-10) v'=-1 200 v
h=888m+ (887755m)

OPTION 1
Whe = AK + AU } VANV one
Wengine + Wt = 2mve? - %2 mvi2 + mght - mghi y
= Yam(ve- vi2) + mg(hs - hi)

Wengine + (50)(2)(15)cos180° v" = 0 +200(9,8)(22 — 8,88) v
Wengine =27 215,20 J

w.. .
Pengine = egflne v

27 215,20

15
=181435W v

OPTION 2

Whet = AK

WN + Wengine + Ww + Wr =0 v" Any one

WNn + Wengine - AEp + Wr =0

0 + Wengine - (200)(9.8)(13,12) v + (50)(2)(15)c0s180° =0 v/
Wengine =27 215,20 J

OR

Whet = AK
Wn + Wengine + Wy + Ws =0 } v Any one
WNn + Wengine +mgsinBAxcos180° + Ws =0

0 + Wengne - (200)(9.8) (2222) (A x)(-1) ¥ + (50)(2)(15)c0s180° =0 ¥
Wengine =27 215,20 J

Weng ine v

Pengine -

t
27 215,20

15
=181435W v

FS/2024
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—OPT_ION 3 } v Enige een
Fret = ma
Fengine + Firiction + Fgr =0 OR
. _ _ (200)(9,8)(13,12) —
Fengme * ( 50) v 30 V=0 Wengine = FengineAXCOSG
Fengine = 907,17 N N = (907,17)(30)cos0°
/ =27 215,10 J
Pave = Fvave v Wengine
Pave = (907,17)(2) Pengine = ¢ v
=1814,35 WV 27 215,10
15 ,
=1814,34W
(5)
[14]
QUESTION 18
18.1  The rate at which work is done/energy is expended. v'v’ (2)
18.2 —
P:K\/ P:K/ Pave_FVave‘/
At OR At OR _ 12500868
Amgh _ FAycos6 - 60
h At =118417W v
_ (1250)(9,8)(5,8) Y _ (1250)(9,8)(cos0°) v
- 60 B 60
=1184,17W v =1184,17W v 3)
18.3 A conservative force is a force for which the work done (in moving an object between two points) is
independent of the path taken. v'v OR
A conservative force is a force for which the work done in moving an object in a closed path is zero.  (2)
18.4  Non-conservate (1)
18.5  (Gravitational) potential energy to kinetic energy (1)
18.6 From R to the wall: Into the wall
(Ep + Ek)r = (Ep + Ek)Bottom/onder Whet = AK v/
(mgh + %2 mv?)r = (mgh + %2 mv?)sottom/Onder Fwatimuur AXcosB = K — K;
(1250)(9,8)(5,8) +0=0+Ex v Fwalimuur (0,25)(cos180°)v" =0-71 050 v
Ex=71050J Fwalimuur = 284 200 N v/ (5)
[14]
QUESTION 19
19.1  The total mechanical energy in an isolated system remains constant / the same. v'v' OR The sum of
the kinetic and gravitational potential energies in an isolated system remains constant/the same. (2)
19.2
(E, + Ek)P = (E, + Ek)P 4
1
2)(9,8)(5)+0=0+ > vt v
vi=990m-s™1 v
(3)
193 | OPTION 1 OPTION 2
Wyee = AK V' Wy = AK + AP vV

1 2 _ 2
fAxcosO = Em(vf - Vi)

f(10)cos180° v = %(2)(42
f=82NV

—-9,90%) v

1
fAxcos® = Em(vf —v?) +mg(h; —

f(10)cos180° v = %(2)(42
f=82NV

—9,902) +0v

hi)
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194 |RIGHT + LEFT +
Fp oAt = m(vf — )V Fp oAt = m(vf —v)V
—-14 =2(v; — 4)v 14 =2(vy — (—9))v
vi=-3m-s7! vi=3m-s~!
1 1
AE, = gmvf —Emviz v AEy, = gmvﬁ —Emviz v
=S @I-3)? -4V =5 @B - (-9 v
[14]
QUESTION 20
20.1 The net/total work done on an object is equal to the change in the object's kinetic energy. v'v/ (2)
20.2  Fnetis opposite to the direction of the displacement Ax. v OR
AK is negative. OR
The final K is zero. OR
Kinetic energy decreases. OR
Whet = Fnet AxcosB and 6 = 180°. )]
20.3 OPTION 1
Whet = AK v
1 2 1 2
W, +Wr = Emvf - Emvli
mgsin®Ax cos © + Wy = Emvf -
1
(30 000)(9,8)(sin28°)(Ax)(cos180°) v + (31 000)(Ax)(cos180°) v = 3 (30 000)(0? — 33%) v/
Ax = 96,64 m Vv
OPTION 2
Whe = AK + AU vV
1 1
Wy = Emvfz - Emviz + mghfl— mgh;
(31 000)(Ax)(cos180°) v = > (30 000)(0% — 33%) v + (30 000)(9,8)(Axsin28° — 0) v/
Ax =96,64m Vv
(5)
20.4  Ascending v
For ascending: Fw/ and f are both in the opposite direction as the direction of displacement.
For descending: Only fis in the opposite direction as the direction of displacement. 4
The net force on the truck for ascending is greater than net force for descending. v/ (3)
[11]

QUESTION 21

21.1  Aforce is non-conservative if the work done by the force on an object (which is moving between
two points) depends on the path taken. vv OR
A force is non-conservative if the work it does in moving an object around a closed path is non-zero. (2)

21.2 N =

w
F
f

N

w

Acceptable labels

Fo/mg/weight/Fu/FEearth on biock/gravitational
force/117,6 N

Fa/Applied force/T/Ft

Fi/fi/(kinetic) friction/frictional force/kinetic
frictional force

Fn/Normal/Fnormai/normal force

21.3 | OPTION 1
W, = AK + AU v

=559,58) v

1
= Em(v} —v?) +mg(hs — h;)

= %(12)(2,252 —-03) v +(12)(98)(45-0) v

Physics Revision Book: Answers
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?ET-I-QN"Z- -------------------------- Wieight = mgAycos180°
 Waee = AK ) = (12)(9,8)(4,5)(cos180°)
5 = Zmv? — —my? ; = —529,20]
| % muy — 5 my; ' OR
i ==(12)(2,25%) — 0% v | i Wweignt = —AU
: 2 b _
L =30375] o = —mg(hy — hy)
b A i =—(12)(9,8)(4,5 - 0)
; = —529,20]
1OR
 Wveightpar—component = MISinadxcos180°
Wnet = VVnc + Wweight v 4’;5 °
W, = 559,58 ] v/ =-529,20]
'''''''''''''''''''''''''''''''''''''''''''''''''' (4)
214 OPTION 1
Along the incline A to B Along the horizontal B to C
Wnc=WF+Wfl‘/ F —f, =ma ()
W, = FAxcos0° + f,Axcos180° F—f,=0v
559,58 = (F — f)Ax v ......... (1) F—(fi+42)v =0
F—fi=42 ... (2)
(525)9in5;§1): 42A Directions are already
08 = 2L0X applied in (*).
Ax =1332m Vv PP ©
Along the horizontal B to C
OPTION 2 F — f2 = ma (*)
Along the incline Ato B F—f,=0v
W, = AK + AU v F—(fi+42)v =0
ot o, 1 ., F=Ff +42
(F — f1)Axcos0° = [Emvf - Emvi] + [mgh; — mgh;] T h
Directions are already
applied in (*).
1
(hi+42- 0D = [5 (12)(2,25% = 0%)| + [(12)(9,8)(4,5) — 0] ¥/
42Ax = 559,58
Ax =13,32m Vv
OPTION 3
Directions are already applied in the formulae marked with a (*).
Along the incline A to B (Positive) Along the horizontal B to C (Positive)
v} = v} + 2adx F—f, =ma ()
2,25% = 0% + 2aAx v F-f,=0v
2,531 F—(fi+42)v =0
@="Ax F=f+42 ........ )]
Free = ma
F— Wpar—component — fi =ma ()
F —mgsina — f; = ma
4,5 _ 2,531
F —(12)(9,8) (E) —f = (12)( = )/ .......... )
(1) into (2)
+42 - (12)(9,8 (4'5) = (12) (2’531)
fi B (5r)~fi= o
Ax =13,32m Vv
(5)
[13]
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QUESTION 22
22.1 A force is non-conservative if the work it does on an object which is moving between two points
depends on the path taken. v'v OR
A force is non-conservative if the work it does in moving an object around a closed path is non-zero.  (2)

22.2
OPTION 1
Wher = AK v

1 2 1 2
Ww(pa‘r) + Wf + WF = Emvf + Emvi

(20)(9,8) (sin18°)(15,6) (cos180°)v + (13,5)(15,6)(cos180°) + (96,8)(15,6)(cos0°) v = %(20)(1;5 —02)v
ve=596m-s7tv

OPTION 2
W = AK + AU v/

1 1
W + Wg = Emvﬁ - Emviz + mgh; — mgh;

(13,5)(15,6)(cos180°) + (96,8)(15,6) (cos0°)v = %(20)(175 — 0%)v + (20)(9,8)(15,6)(sin18°) — 0V
v =596m-s7tv

OPTION 3: UP THE INCLINE AS POSITIVE

Foet = Wpar +f+F Wher = AK v
= —(20)(9,8)(sin18°) — 13,5 + 96,8 v/ _1 o, 1 5
_22733N F, et AXCOSO > mvg > mvll
(22,733)(15,6)(cos0°)v = > (20)(v¢ — 0%V
v.=596m-s v (5)
22.3
OPTION 1: UP THE INCLINE AS POSITIVE
v + vf Ax w
Ax = (ﬁ)gﬁt Pave = Fue (57) ¥ P=x”
+ ’ ] ’ ) ) °
15,6 = ( )At _ (96,8)(15,6) v OR _ (96,8)(15,6)(cos0°) v
5,24 5,24
At = 5,24 s =288,18W v =288,18W v
OPTION 2: UP THE INCLINE AS POSITIVE Ax
vf = v} + 2alx Fpet = ma Pive = Fype (—) v
5962 = 02 4+ 2a(15,6) OR —(20)(9,8)(sin18°) — 13,5 + 96,8 = 20a (96 S)A(ﬁg; 6)
a=114m-s7? a=114m-s2 — A,
5,23
= 288,73 W v
OR
1 vy = v; + alt /
— . - 2 f i w
Ax = vt T2 T OR 596=0+ 1,14t P=p¥
15,6 = 0+ 5 (1,14)At? At =523s _ 968)(15,6)(cos0%)
_ B 5,23
At =5,23 s — 288,73 W v
(3)
22.4 N
f | Accepted symbols
Nv’ Fn/196N/Normal/Fnormal
fkv’ f/(kinetic) friction/Fs
wv’ Fy/Fw/weight/mg/gravitational force/Fearth on biock
w
(3)
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225
UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
' ~
P 89 E.
£ £
z > 2 ~ .
E T Time (s) S —
9 < Time (s)
2 >
59F------
4
' Il [(1 7>]
QUESTION 23
23.1
N Accepted labels
f w Fw/Fg/mg/gravitational force/weight
f Fi/fi/(kinetic) friction
W N Fn/Normal
(3)
23.2 Initial kinetic energy v’ (1)
23.3  The net/total work done (on an object) is equal to the change in the object's kinetic energy. v'v OR
The work done on an object by a resultant/net force is equal to the change in the object's kinetic
energy. (2)
234
OPTION 1
Whet = AK Y
A 180° = K — K;
& )EZOS)EO— 0-18+ fi = bl ¥
f45) = 4 =(0,18)(m)(9,8) v
OR—f(3)=0—12 m=2,27kg\/
OR-f(15)=0-6
f=4N
OPTION 2
X 1
Gradient = A F fie = wmN Y
w f 4= (0,18)(m)(9,8) v
A = v
145V 3 15 m=2.27kg
fo18v i 12 6
f=4N  Foeoeeeeeeeed
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DOPPLER EFFECT
QUESTION 1
1.1.1  An apparent change in observed/detected frequency/pitch/wavelength v as a result of the relative
motion between a source and an observer/listener. v’ (2)
1.1.2 Towards v
Observed/detected frequency is greater than the actual frequency. v/ (2)
+
113 f =—"YLf ORf =—" f v
Vv V-V
v 34
51200 v = i(1130) v'oovs 220,01 mst v (5)
343 -v,
1.2 The star is approaching the earth./The earth and the star are approaching (moving towards) each
other v/
The spectral lines in diagram 2 are shifted towards the blue end/are blue shifted. v (2)
(1]
QUESTION 2
2.1.1 v = A
_ 340
T 520
=065mvy = f (2)
Viw
21.2 f = Lf v
Vv,
340
f === (520} v
L (340-15)[,/ )
fL =544 Hz
v="fh
A= E v
544
=0,63mv (6)
2.2 The wavelength in QUESTION 2.1.2 is shorter because the waves are compressed as they approach
the observer. v'v/ 2)
2.3 The red shift occurs when the spectrum of a distant star moving away from the earth is shifted toward
the red end of the spectrum. v'v/ (2)
[12]
QUESTION 3
3.1 An apparent change in observed/detected frequency/pitch/wavelength v* as a result of the relative
motion between a source and an observer/listener. v’ (2)
ViV
3.2 fL = Lf, OR f, = v fs v The following values are obtained using other points:
Vv V-V
825v = —Y _(800) v vs (M's™) Frequencies | v (m-s)
V—Vs vs =20 850 310
(1,03125 )(v—-10) v'=v vs =20 845 375,56
v=330ms'v vs =30 880 330
40 910 331
(5)
3.3 Straight line with negative gradient / frequency decreases (linearly). v'v/
A

—
i

=

-
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QUESTION 4
4.1.1  Frequency (of sound detected by the listener (observer). v/ (1)
4.1.2 An apparent change in observed/detected frequency/pitch/wavelength v as a result of the relative

motion between a source and an observer/listener. v/

41.3 Away v Detected frequency of source decreases. v’ (2)
414 EXPERIMENT 2 EXPERIMENT 3
+ +
fL=V=YLf OR f =—Y f, v f=v=Ylf OR f=—tf v
vViEvg V+ Vg VEvg V+ Vg
Vv w
874 v = (900) v . v=336,15m's'v 850 v = (900) v - v=340m-s"'v
v+10 v +20
EXPERIMENT 4
+
f=v"VYLf OR f =—V f v
Vv, V+ Vg
\;
827 v = —_(900) v - v=339,86ms v
v + 30 (5)
4.2 Away from the earth. v/ )
[11]
QUESTION 5
5.1 v=fv
= (222 x 10%)(1,5 x 10
=333 ms’ v (3)
5.2.1  Towards the bat. v’ )
522 ¢ NIVt ORIOFf =—"—f v
= Ts V-V,
2363 3 222
= N
T333- v;’{ )
76689,9 - 230,3 vs =73 926 (6)
v=12ms' v (towards bat/na die viermuis toe) [10]
QUESTION 6
61 XV (1)

6.2 As ambulance approaches the hospital the waves are compressed v'or wavelengths are shorter.
Since the speed of sound is constant v the observed frequency must increase. v Therefore the
hospital must be located on the side of X (from v = fi)

OR: The number of wave fronts per second reaching the observer are more at X.v'v".
For the same constant speed, this means that the observed frequency increases v therefore the

hospital must be located on the side of X. (from v = fA) (3)
" v
63 fL-——"Vlf OR f=—Y f v . fi=_3%0 400)v ..f.=438,71Hzv (5)
Vvg V- Vg 340-30 v
6.4 v=fAv .. 340=400Av .. A=0,85mVv (3)
[12]
QUESTION 7
7.1.1  An apparent change in observed/detected frequency/pitch/wavelength v" as a result of the relative
motion between a source and an observer/listener. v’ (2)
712 v=fAv . 340=1(0,28)v .. fs=121429HzVv (3)
f=YVLg orR =YLy Y OR f=—Yf v
Vivg ViV  Ag V-V
340 Y 340 340
= 121429 v OR f =|————|x—— .. fL=1331,80Hz v
- (340 —73oj L [340 - 30j 0,28 ) (5)
7.1.4 Decreases v (1)
7.2 The spectral lines of the star are/should be shifted towards the lower frequency end, v which is the
red end (red shift) of the spectrum. v/ (2)
[13]
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QUESTION 8
8.1 Speed v (1)
8.2 3mstv (1)
8.3.1 An apparent change in observed/detected frequency/pitch/wavelength v" as a result of the relative
motion between a source and an observer/listener. v’ (2)
8.3.2 345m's'V (1)
833 f =2 VLfY_ ( 345+ 0 roooj:moo Hz v )
Vv 345¥575 ) 1
8.34 295V (K) (1)
8.4.1 Diagram 3 v (1)
842 1V The source is stationary. v/ (2)
[13]
QUESTION 9
9.1.1  An apparent change in observed/detected frequency/pitch/wavelength v" as a result of the relative
motion between a source and an observer/listener. v’ (2)
912 fi=""VLf OR f=—Y f v
Vv V-V
365 = (340+0) v 53y - Vs = 32,60 ms v (5)
(340- vy)

9.2 According to the Doppler Effect if the star moves away v from the observer a lower frequency/longer
wavelength v is detected. This lower frequency/ longer wavelength corresponds to the the red end v/

of the spectrum. (3)
[10]
QUESTION 10
10.1.1 Doppler effect v (1)
10.1.2 Measuring the rate of blood flow. v OR: Ultrasound (scanning) (1)
+
1013 fL=——VLf ORfi=——f, ORfi=—'—f, v
Tvg V-V, V+ Vg
v
2600 =20 ¢
(340-vy)
340
1750 = v’ . 2600(340-vs) = 1750(340 + vs) v .. vs=66,44 m's' v (6)

fS
(340 +vy)
10.1.4 (a) Increasev
(b) Decrease v

(1)
(1)
10.2.1 The spectral lines (light) from the star are shifted towards longer wavelengths. v'v/ (2)
10.2.2 Decrease v/ (1)

[13]
QUESTION 11
1.1 An apparent change in observed/detected frequency/pitch/wavelength v* as a result of the relative
motion between a source and an observer/listener. v’ (2)
11.21 170 Hz v (1)
11.2.2 130Hz v (1)
11.3
Vs =4533 ms’ v (45,33 — 45,45 m's™) (6)
[10]
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QUESTION 12
12.1  An apparent change in observed/detected frequency/pitch/wavelength v* as a result of the relative
motion between a source and an observer/listener. v’ (2)

12.2  Towards A v" Recorded frequency higher. v/ (2)
12.3 +

f=Y"VYig v

Vv
FOR A: FOR B:

v v
v v
690 =f 610 {340 ¢
g (1) o @

690 _340+v,
610 340-v,
1,131 (340 - v5) = 340 + vg
Vs =20,90 m.s'v (20.90 to0 20.92 m.s™) (6)
12.4  Doppler flow meter/Measuring foetal heartbeat/Ultra sound/Sonar/Radar (for speeding) v/ (1)
[11]
QUESTION 13
13.1  An apparent change in observed/detected frequency/pitch/wavelength v* as a result of the relative
motion between a source and an observer/listener. v’ (2)
13.2 OPTION 1 OPTION 2
vtyv \=xY
fi=———Lf YOR f =" f f———Lf v OR{_ VvV [V
vivg T V-V, vivg bov-vg (g
v 340 v v
= 340 340
10 " ga0- 2405, 6100@)[ x jw
fs =1 500 Hz ¥ O
v=fAv .. 340=(15000Av . A=0,23m v A=0,23m (7)
13.3  Greater than v (1)
[10]
QUESTION 14
14.1  An apparent change in observed/detected frequency/pitch/wavelength v* as a result of the relative
motion between a source and an observer/listener. v’ (2)
14.2  Away from v Observed frequency lower v/ (2)
143 v=fAv .. 340=f(0,34)v .. f=1000Hz v (3)
14.4 OPTION 1 OPTION 2
vtv vtv
f=—Lf vORf=—"Y f f=——Lf vOR¢_ VvV [V
vtV V-V, vtV vev, A
v v
Y (340-v v Y (340 %
950 = ) 1000 sve=17 ms o 2* "0 v
950 {7050,/ (1000) "
Distance x = vAt = (17)(10) v =170 m v Distance x =170 m v/ [13]
QUESTION 15
d 300
15.1.1 AX = ViAt + % aAt?2 OR V=100 v =30ms! v
300 =vi (10) v
vi=30ms' v 2)
15.1.2 The change in frequency (or pitch) (of the sound) detected by a listener because the source and the
listener have different velocities relative to the medium of sound propagation. v'v* (2)
15.1.3 Car/source (just) passes observer. v'v/ (2)
+
1514 f=""Vif v OR f-_Y
ViV, V-V,
v 340
932 = f ~ fs= 849,76 Hz v 4
340-30"" “

15.2 ANY TWO:
Doppler / Blood flow meter/Measuring the heartbeat of a foetus/Radar/Sonar/Used to determine
whether stars are receding or approaching earth. (2)
2]
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QUESTION 16
16.1  Doppler effect v/ (1)
16.2 P registers a shorter period/higher frequency./Q registers a longer period/lower frequency. v/ (1)
1
16.3 f=f\/=#\/=5,88x102=588,24H2\/ (3)
T 17 x10*
164 f=__ ' v =556x102= 55556 Hz
18x10™
vViv
ff=—"f v oR f=—Y 7
ViV, VR
v
v
340
555,56 = 588,24 »~ v=20ms'v (6)
840 +v
[11]
QUESTION 17
17.1  The change in frequencyv” (or pitch) (of the sound) detected by a listener because the source and
the listener have different velocities relative to the medium of propagation. v OR
An (apparent) change in (observed/detected) frequency (pitch), as a result of the relative motion
between_a source and an observer (listener). (2)
17.2  Towards (1)
17.3 v+,
L= fsv
v+ v
3148 340+ 0
340 — v, ’*
2073 v 340 -0 f
340 + v, ’°
Solve for vs: « vs =70 m-s™! v
(6)
174 "OPTION 1 OPTION 2 OPTION 3
A _ Ax Ax = vildt + V2 aAt? Ax = v +vr
b= 350 = 70At +0 v x=
350 = v 704+ 70
At=7—0 At 5S 350=( )At‘/
At =5sv At =5sY
(2)
[11]
QUESTION 18
18.1  The change in frequency (or pitch) of the sound detected by a listener because the sound source and
the listener have different velocities relative to the medium of sound propagation. v'v' OR
An (apparent) change in observed/detected frequency (pitch), as a result of the relative motion
between a source and an observer (listener). (2)
18.2.1 700 Hz v
Learner's speed is zero. / No relative motion between source and listener. / Listener and source are
stationary. v/ 2)
18.2.2 Away v The observed frequency is smaller than the source frequency. v/ (2)
18.2.3 _viy v vty v
L_UiUSfS L_vivsf:s‘
v—10 OR v—20
679,17 = - v'(700) v 658,2 v = v (700) v
v=33493m-s"1v v=233493m-s1v 5
[11]

Physics Revision Book: Answers

© Free State Department of Education



Physitasaislespiet 1A rom Stanmorepleysics.com FS/2024
QUESTION 19
19.1 v=Af v
340 = 6801 v
A=05mv 3)
19.2  The change in frequency/pitch/wavelength of the sound detected by a listener because the sound
source and the listener have different velocities relative to the medium of sound propagation. v'v/
OR
An (apparent) change in observed/detected frequency/pitch/wavelength, as a result of the
relative motion between a source and an observer (listener). (2)
19.3.1 Decreased v (1)
19.3.2 Increased v (1)
19.4 v
fo= %
__3%0
0,5—-0,05
= 755,56 Hz
viv,
= v
= Sk
340+ 0
7 = [—— vv
55,56 = [— Us] (680)
vg=34m-s 1V (5)
[12]
QUESTION 20
20.1  The (apparent) change in frequency (or pitch) (of the sound) detected by a listener because the
source and the listener have different velocities relative to the medium of propagation. v'v' OR
An (apparent) change in observed/detected frequency/pitch as a result of the relative motion
between a source and an observer/listener. (2)
20.2 v=Af Y
340 = A(880) v
A=0386mv
20.3 ©
. vty
= v
fi=(rave)
340 + 10
= v v
( 340 ) (880)
= 905,882 Hz vV
(4)
20.4 4
= B
™~
=
oy A
=
@©
o
o
o
L —
Time (s) (2)
[11]
QUESTION 21
21.1  Doppler effect v/ )
21.2  Measurement of foetal heartbeat. OR Measurement of blood flow. OR Doppler flow meter v’ (1)
21.3 irectly proportional OR f; a f; ¥ (1)
214 OPTION 1 OPTION 2
v+, Af;, vty
— / [ e — /
fu (viv5>fs Gradient Af. fu (Uivs)fs
fi (v T vL) fi—0 340 + v,
== Vv = 1, Vv = (—) v
s \w+twg 1,06 fi—0 06/s _, 340 s
1,06 vV = (3424JE)UL> v | |fo=106fs v, =204m-s71 Y

v,=204m-s"1v
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21.5 A

Straight line starting at the origin. v/

Gradient of B is greater than gradient of A. v/
fL (Hz) B A

v

fs (Hz) (2)
[10]
QUESTION 22
22.1.1 The (apparent) change in frequency (or pitch) (of the sound) detected by a listener because the
source and the listener have different velocities relative to the medium of propagation. v'v OR
An (apparent) change in observed/detected frequency/pitch as a result of the relative motion

between a source and an observer/listener. (2)
22.1.2 i, ) “viv,
fL—(vivs>fs fL—(vivs)fS
340 + 22 340
=(———|Vv v =|——)|Vv v
( s ) (24 000) (340_22) (25 552,041)
= 25552941 Hz =27320,75Hz v
(6)
22.2  The frequencies of the spectral lines have decreased. v'v/ (2)
[10]
QUESTION 23

23.1.1 The change in frequency (or pitch) of the sound detected by a listener because the sound source
and the listener have different velocities relative to the medium of sound propagation. v'v' OR
An apparent change in observed/detected frequency (pitch), as a result of the relative motion

between a source and an observer (listener). (2)
23.1.2
vty
= v
fi= o f
v
v = v v
512,64 [v . 25] (550)

v=2343,04m-s1t0332,14m-s"1 v (5)
23.1.3 (a) Remains the same. (1)
(b) Remains the same. (1)
(c) Increases. (1)
23.2.1 Away from (1)

23.2.2 Alower frequency / longer wavelength v is detected.
This lower frequency / longer wavelength corresponds to the red end of the spectrum v'. (2)
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ELECTROSTATICS
QUESTION 1
1.1 To ensure that charge does not leak to the ground/is insulated. v/ (1)
Qr +Qg  +8+(-4)
1.2 Net charge = 2 = 2 v=2uCv (2)
1.3 \
/ Criteria for sketch:
Correct direction of field lines v
£ Shape of the electric field v
No field line crossing each other /No |
) field lines inside the spheres.
3)
1.4 \/: < g
Fsont FronT (2)
1.5
F=k Q*SQ v
r v
(9x10°%)(1x107%)(2x107°) 1 1
Fst= 7 =0,45Nleft OR Frs= —Frr=—(1,8)=0,45N left
(02) 4 4
9 -6 -6
(9%x107)(1x107°)(2x107°) ) )
Frr = (01)2 v =1,8 Nright OR Frr=4Fst=4(0,45)= 1,8 N right regs
Fnet = Fst+ FrT = 1,8 + (-0,45) v = 1,35 N or towards sphere S or right S v (6)
1.6 Force experienced v per unit positive charge v'placed at that point. (2)
1.7 OPTION 1
F 135
E=—-v= 5 =1,35x 108 N-C' v
q 1x10~
OPTION 2
k 9x10%)(2x10°®
ER=—3/=( )(2 )\/=1,8x106N-C-1 right
r 01
kQ _ (9x10°)2x10°°
Eg :—(2) = ( X 5 )= 4,5 x 10% N-C" left
r 0,2) (3)
Enet =1,8 x10%-4,5x105=1,35x 106 N-C! v [19]
QUESTION 2
2.1 The (magnitude of the) electrostatic force exerted by one point charge on another point charge is

directly proportional to the product of the (magnitudes of the) chargesv” and inversely proportional to

the square of the distance between them.v’
2.2.1 _KQ,Q,
F= —rz
PPRRTS I LAl

(05)

Q=2x10%Cv
2.2.2 Q =nev

2 x10% = n(1,6x101%) v

n=1.25 x10" electrons/efektronev’
2.3.1 Left/ West v

()

(4)

(3)
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2.3.2

Take right as positive/Neem regs as positief

Ene{ =E, + EB""Ir v v
g =6 g

(3x10%) = - {9=10 )(2;10 )+ {9=10 EJQ,W,
(15) (1)

Qfnal = 4,22 x 108 Cv

Q=ne

4,22 x10° = n!1,6x10‘ﬂ1 v

ne = 2,64 x10™ electrons/elekironev’
electrons removedfelekirone verwyder

= (2,64 x10" +1,25 x10) v (8)
= 3,89 x10" electrons/elekironev’ [18]

QUESTION 3

3.1

3.2

The (magnitude of the) electrostatic force exerted by one point charge on another point charge is

directly proportional to the product of the (magnitudes of the) charges v" and inversely proportional to

the square of the distance between them.v' (2)
Q,Q

r.2

9 -6 -6
Fap = (9x10°)(6x10°)(6x10°) _ 3\ o the left Fa1
{03)? 0

F=k—2v

9 -6 -6
Fap = (9x107)(6x10 ")(83x10") ./ = 13 5 N downwards Fr
(0.1)?
Fr=Fs1 +Fs2 .. FR=/3)2 + (135)2 ¥ = 13,83 N

Fa2

Can use any trigonometric ratio

6 = tan-! 13?5 v =77.47°
OR 0 = tan"! %/ =12,53° - Netforce = 13,83 N in direction192,53° / 77,47°v (7)
[9]

QUESTION 4

4.1

4.2

4.3

For object N: n = qg vV . Q=(5x108)(-1,6 x10"°) v =-8x 1018 C v (3)
e

Charge on M (Qw) is +8 x 103 C v'v/ 2)

The electrostatic force experienced per unit positive charge placed at that point. v'v* (2)
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_ka,
r2 v
(9x10°%)(8x107"3)
(025)2"
(9x10°%)(8x107"3)
(0’1)2 v
Enet = Epm - Epn v = 0,12 -0,72 =- 0,60 N-C* .. Enet = 0,60 N-C" to the left v/ (6)

4.4 E

Epm = =0,12 N-C to the right

Epn = =0,72 N-C" to the left

QUESTION 5

c1 Q. _ 05x10°
' e " 16x107

5.2 TV

v' = 3,13 x 102 elektrone v’

Accepted labels

w | Fg/ Fw/ weight / mg / gravitational force

T | Fr/tension

Fe | Electrostatic force/Fc/ Coulombic force/Fa /Freer

@)

5.3 The (magnitude) of the electrostatic force exerted by one point charge on another point charge is
directly proportional to the product (of the magnitudes) of the charges v and inversely proportional to
the square of the distance between them.v' (2)

54  Fz =k

Tcos6 v

Tsin7° 9 - 6
L 1SN (9x10°)(05x10°)(09x10°) 1 _gg3N v 5
T cos83° 02)%" ’ X

[13]

QUESTION 6

k k :
6.1 Ex=Ex+Eg v = Ciz + A%Z-ﬁ:rect equation
r r

) (9x109)(2x10_5)\/+ (9x109)(8x10_6)‘/

(0.25)° (015)?
=2,88x 10+ 3,2 x 106 = 6,08 x 108 N-C" v to the east/right v’

OR

kQ
E=r—2\/

(9x10°%)(2%107°) _
E: = 2 = 2,88x 108 NC-' to the east/right
(0,25)

(9x10°%)(8%10°°) ,
Es = (015)2 = 3,2 x 108 N-C-' to the east/right

Ex = E2 + E(g) = (2,88 x 106 + 3,2 x 108) v = 6,08 x 105 N-C" v" to the east/right v (6)

Physics Revision Book: Answers © Free State Department of Education



Physitacsaislespiet 1A rom Stanmorepleysics.com FS/2024

6.2 OPTION 1 OPTION 2
FE=QE Vv F2a1 = qE@) v
= (-2 x1079) (6,08 x 106) v/ =(2x10°9) (2,88x 10°)
=-12,16x 103N = 5,76 x 103 N to the west/left

FE=1,22x 102N v to the west/left v
F2)a2 = qE@)

= (2 x 109)(3,2 x 109)

=6,4 x 103 N to the west/left

Fret=5,76 x 103+ 6,4 x 103 v

= 1,22 x 102 N v'to the west/left 4)
6.3 2,44 x 102N v / twice / double )
(1]
QUESTION 7
7.1 The magnitude of the charges is equal. v/ (1)
7.2 The (magnitude) of the electrostatic force exerted by one point charge on another point charge is
directly proportional to the product (of the magnitudes) of the charges v" and inversely proportional to
the square of the distance between them.v’ (2)
7.3.1 Tcos20° = wv’
=(0,149,8) =0,98 N
~T=104Nv (3)
7.3.2
FEIE:.truslaIicfefsMroa‘aﬁes = TSil‘IzU“:'f
% V= (1,04)sin20°
@ = 0,356
9 -8 -2
{9x10 }(250)-:120 }260x107)  _ 0.356v
d (5)
Sr=0,0397m v [11]
QUESTION 8
81 EQ1 x OR X
_______ . B g Ew

Vectors Eq1 and Eaq2 in the same direction. v'v/
Correct drawing of vectors Eaq1 and Eq2. v'v" The fields due to the two charges add up because they
come from the same direction. Hence the field cannot be zero. (4)

r

Q_ (9x10°)(25x10°)Y

E.asic = kr—2 250 000 N.C™ to the left/na flinks

(03y°
g —6
Espc = krgz= ‘9"10( 1;';?;‘10 .31 952,66 N.C™" to the left/na finks
Ep = Egic * Ezsuc v
= 31 952,66 + 250 000 (6)
= 281 952,66 N.C™" v'to the left/na finks v [10]
QUESTION 9
9.1 -9 -9
n=8, . —32x10°, hoQ, 323100,
e -16x107"° e 16x107°
=2 x 10" v'electrons =2 x 10" v electrons (3)
9.2
TV Accepted labels
w | Fg/Fw/weight/mg/gravitational force
WY’ T | Frftension
Fe | Felectrostatic/Fa1a2 /Coulomb force/F
Fev

©)
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QQ
9.3 Fnet=mg+FE-T=0.'.mg+k 122-T=0\/
r v

(32x107°)(55x107%)
-~ (0,007)(9,8) v + (9 x 10°) (0025 7 =T ~ T=9,394)x 102N v

QUESTION 10
10.1  The (electrostatic) force experienced by a unit positive charge (placed at that point). v'v’
10.2

Marking guidelines
Lines must not cross / Lines must touch the v
spheres but not enter spheres

Arrows point outwards v
Correct shape v
s £-1Q,
i
(9%x10°)(30x107°) (9%x10%)(45x10°°)
Eaqix = 2 v & Eaqx= 2 4
(x) (015 +x)
(9x10%)(30x10%)  (9x10%)45x107%) ¥
Enet=0 .. Eaqix =Ea2x - 2 = 2
(x) (0,15 +x)

S.x=0,67mv (0,667 m)

©)

(®)

[10]QUESTION 11

1.1 The magnitude of the electrostatic force exerted by one point charge on another point charge is
directly proportional to the product of the (magnitudes of the) charges v" and inversely proportional

to the square of the distance between them. v
11.2.1 Negative v'v'

QQ

r2

1122 F=k—13
o 3 Fazs Fais
9x10°)Q,(2x10° «—<—o—»
( ) 1(2 )/ iz 417x 105G v Fret

(25)

Fret= Fa1z+ Fa23 v/

0,012 =

(9x10°)(Q,)(2x10°°) OR 03=-0012+ (9x10%)(Q,)(2x10°8)

-0,3v =0,012- n n

. Q2=1,6x105C v

QUESTION 12

12.1.1 The magnitude of the electrostatic force exerted by one point charge on another point charge is
directly proportional to the product of the (magnitudes of the) charges v and inversely proportional
to the square of the distance between them. v/

12.1.2 Fe/Electrostatic force v/

12.1.3 The electrostatic force is inversely proportional to the square of the distance between the charges. v

AFg ,_0027-0

12.1.4 Slope = v =4,82x 103 N-m?2
P 1 56-0
A—
r2
Slope = Fer? =kQ1Q2=kQ? v ~ 4,82 x 103v' =9x10°Q? v ~Q=7,32x107C v
12.21
Criteria for drawing electric field:
Direction v
Field lines radially inward v

(2)
()

(7)
[11]

(2)
(1)
(1)
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12.2.2 E—g\/

r
Right as positive:
(9x10%)(0,75x107°°)

Epa = © 09)2 v =8,33 x 105 N-C' to the left
(9x10%)(0,8x107%)
Eps = © 03)2 v =8 x 10% N-C! to the left

Enet = Epa + Epc=[-8,33 x 105+ (-8 x 108)] vv' =-8,83 x 106 = 8,83 x 106 N-C' v
Left as positive: Enet = Epa + Epc = (8,33 x 105+ 8 x 108) v'v' = 8,83 x 108 N-C' v

QUESTION 13
13.1 Electric field is a region of space in which an electric charge experiences a force. v'v/
13.2
Marking criteria
Correct shape as shown. v
Direction away from positive v
Field lines start on spheres and do not cross. v
[9x10° 5 x10°° |
13.3 Epa= == = 2,88 x 10* N-C-" to the right
r2 (1,25)?
ka _ (9><10 J5x10°¢ )
Ers = v'=8,00 x 10* N-C-' to the left
e (0,75)
Enet = Epa+ Eps = 2,88 x 104 + (-8,00 x 10%) = 5,12 x 104 N-C' v
QUESTION 14
14.1.1 Removed v
Q -
1412 n=—v = 68x10" 375410 velectrons

e 16x107°
14.2.1 Negative v’
14.2.2

Fa3
Qs
Frs
14.2.3 F:er# v
R
14.2.4 F:"Qr#
FZ’SX:(9><109X2><10'6X6x10'6)(E:/OS450) _ooret

I,2 r
Fx = F1,3x+ F2,3x l
_ 00764 00764 _, 0’026 v Addition

=
r? r? r

01528
=23

NOTE: Fy net =0

(0,12) v r=1,128m v

FS/2024

(5)
[17]

(3)

(4)
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14.3.1 The electric field at a point is the (electrostatic) force experienced v'per unit positive charge v/
placed at that point. (2)

9x10°)Q

1432 E :@ v - 100 =%
r (06)

When the electric field strength 50 is N-C-":

9 -9
E:g . 5o _(9x10 )2(4><10 ) v
r r
. r=0,85m v (0,845) m ()
[21]

v .. Q=4x10°C

v’ equation

QUESTION 15
15.1 The magnitude of the electrostatic force exerted by one point charge on another point charge is

directly proportional to the product of the (magnitudes of the) charges v" and inversely proportional to

the square of the distance between them. v/ (2)
152 OPTION 1

_kQQ, |, _ (9x10°)6x10°)(8x107%)

F =10,8N v
r? (02)° ¥
OPTION 2
kQ (9><109)(8><‘|0_6)‘/
E=— = =1,8 x 104 N-C!
Both v |"2 (0,2)2
F=Eq=(1,8x104(6 x 10¢) v = 10,8 N v 4)
15.3
4 » Fxy
Marking criteria
Fret v°
v & Fz op v if correct direction v
FxopYy if correct direction v
Fzy Resultant vector v
(3)
15.4 OPTION 1
2 2 2
Fnet _FXY +FZY }/Any one
1520? =10,82 +F3,
Fzy=10,696 N
8x10° xQ
Fry =k@ - 10,696V = 9x10° X—Zz v . Qz=1,34x10°CY
r (0,30)
OPTION 2
10,8
0= —— .. B=44,72°
cos 152
. FZY FZY _
sin44,72= 2> OR tan44,72= 2L Fxy=108N
152 Foy - >
.. Fzv=10,696 N . 1520 N
Q-Q net = ,
Fzv =k —22 A
r
8x10°
©.10,696 v = 9x10° XX—XZQZ
(0,30)
5. Qz=1,34x105C v (4)

[13]
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QUESTION 16

16.1 Electric field at a point is the force per unit positive charge placed at that point. v'v*

16.2 E:g/

r
Enet = (Ea + EB)

v
- 9x109£—j1’5”0_6 +9x109£—)2’0><10-6
03y

04y
=2,84 x 108 N-C" v
16.3 Fe=qEY
= (3,0 x 109)( 2,84 x 105) v/
=8,52x 104N v

QUESTION 17

17.1  The magnitude of the electrostatic force exerted by one point charge on another point charge is

FS/2024

()

(4)

©)
[]

directly proportional to the product of the (magnitudes of the) charges v and inversely proportional

to the square of the distance between them. v

17.2 < > » Frp
Frs” R v
17.3 To thgr(ight as positive:
F=k% v
Freir = Fpr + Fsr
F = kQ,Q, g kQ,Q,
net r2 rZ
v v
v g ;
-y [(9x10°)(15x10°)(Q) (9x10°)(2x10°)(Q)
i (0.3)7 (0.2)°
-1,27 x 10 =150Q -450Q v .. 4,23x10°C Vv
QUESTION 18

18.1

18.2 e_kQ,

310 = ©x10°XQ)
(05)°

Q=8,33x10%Cv
18.3 Q=nev
= (10°)(1,6x107'%) v

= 16x10"™cC

Marking criteria:

Shape (radial) v

Polarity of A v/

E
= — v
= Q
F
T e

3x100 = T exio

F = 4,8 x107 Nv Right/Regsv
QUESTION 19

Positive marking from Q8.2 for this option.

F:ke-'—?-z—‘/

_lox10°)833x10" figx10™) |
F=(0x10°) e

=4,8x 107 Nv Right/Regsv

19.1 The two forces must be equal in magnitude v but in opposite directions. v/

19.2  The magnitude of the electrostatic force exerted by one point charge on another point charge is

()
()

(7)
[11]

()

@)

(6)
[11]

()

directly proportional to the product of the (magnitudes of the) charges v and inversely proportional

to the square of the distance between them. v’
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193 F= 3y
.

(9%10°)QX5x10°) , _ 45x10°Q
(x)’ E
Fua= (9%10°)Q7x10°) , _ 63 x10°Q
(1-x)? (1-xy
(Fret = Fra- Fva = 0)

45x12030 = 63( Xﬂ;jQ v .. 8,708(1-x)=7,937x .. x =0,46 m away from P
X 1-x

Fpa =

QUESTION 20
20.1

FS/2024

(%)
[]

Criteria for sketch

Lines are directed away from the charge.

Lines are radial, start on sphere and do not cross.

202 Q=nev =(8x10")(-1,6 x10"%) v or (8 x 10'%)(1,6 x 1019) =- 12,8 x 106 C
Net charge on the sphere Qnet = (+ 6 x 10¢ ) + (-12,8 x 106) v =-6,8 x 106 C

r
(9x10°)(6,8x10%) "~

(0.5)
= 2,45 x 10° N-C-'v towards sphere v/

QUESTION 21

211 Qret= X+ R+Q; - 3x1qp9= -15x10° +Q+2x10° ' - Q=+4x10°C v
3 3

21.2

' Correct shape v
Correct direction v/
Lines must not cross and must touch spheres v/

()

[9]

()

@)

21.3  The magnitude of the electrostatic force exerted by one point charge on another point charge is
directly proportional to the product of the (magnitudes) of the charges and inversely proportional to

the square of the distance between them. v'v'
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214 | OPTION 1 OPTION 2
F_kQQ, E _kQ7 (9x10°)(3x10°)
r2 s ——2 = >
(9x10°)(3x10)(3x10°) ' © v
F= v =2 700 N.C"
s (0,17
= 8,1 x 106 N downwards £ -KQ _(9%10°)(3x10°)
_(9x10°)3x10°)(3x107), T (0.3)
™ (0,3F =300 N.C"
=9 x 107N left
Fro2 = (Fsp)? + (F1p)? Ene =VEs +E7 = (2700)7 +(30)7
_ > > i =2716,62 N.C"
Fret =4 (FSP) + (FTP) orany —
- - F=Eq=(2716,62)(3 x 109) v
F_=l61x10%)? +(09x10¢) =815 109N v
Fret = 8,15 x 106N v/ (5)
6
215 o F,_815x100
q 3x10°°
=272x103N-C1 v (3)
21.6.1 Sphere PorT v )
-9
2162 SPHEREP: ne= Qorne= 3 = —15x10° , _ 9,38 x 1010
q, e -16x10"
mass gained = neme = (9,38 x 10"9)( 9,11 x 103" ) v' = 8,55 x 1020 kgv’
SPHERE T:
ne=Qorno= 3 = _=5x107° ,_3 125 1010
g, e —-16x10"
mass gained = neme = (3,125 x 101°)( 9,11 x 103" ) v = 2,85 x 1020 kg v (3)
[19]
QUESTION 22
22.1 The electric field at a point is the electrostatic force experienced per unit positive charge placed at
that point. v'v/ (2)

22.2  Q2is positive_v’
The electric field due to g1 points to the right because g1 is negative. v’ Since the net field is zero, the
field due to g2 must point to the left away from g2, v" hence q: is positive.
OR Since Enet is zero,E1 and E2 are in opposite directions therefore q1 and gz are oppositely charged. (3)

23 E= Qv

rT
Enet=0
k% = kig OR q—é: qé
r r r1 rz
(9%10°)(3x107) B (9><109)q2 ",
(017 (04F
Q2=+48x108C Vv (4)

22.4  The electrostatic force (of attraction/repulsion) between two point charges is directly proportional to
the product of the charges and inversely proportional to the square of the distance between them. v'v' (2)

225 (kA9

:
(9x10°)3x10°4,8x10%) .,

(03)
= 144X 105N v 3)
226 YesV
Both charges are equal and positive v/ (2)

[16]
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QUESTION 23
23.1.1 Positive v’
2312 F_ % v
r
305 = (9x10°)(6 x107°)Q v
0,2
Q=2,259x10%C v (2,26 x 105 C)
23.1.3 T Accepted labels
wY Fg/ Fw/ weight / mg / gravitational force
TV Fr / tension
Fev | Electrostatic force/ Coulomb force/ F e Field
Fe
w
23.1.4 | OPTION1 OPTION 2
Fret=0 } T FE L,
Fe = Tsin10° vAnv one . 5= S
Fe = T cos80° y sin90° sin10
3,05 = TSin10°}\/Any one T _ 3,05
= Tcos80° 1 sin10°
T:17,56N‘/(17,564 N) T=1756 N v
23.2.1 The electric field at a point is the (electrostatic) force v experienced per unit positive charge placed at
that point. v/
23.2.2 Electric field at M due to A (+2 x10-5 C):
k 5
E, :—? V= 9x10° 2*107) v = 4 5 x105N-C1 (to the right)
r (02)*
Electric field at M due to B (-4 x10-% C):
k
Eg :—? OR gs=2xqa
r
-5
=9X109(4X10 )\/ Es = 2x EaV
(02)*
=9 x108N-C (to the right) =9 x 108 N-C (to the right)
Enetat M = Ea + Eg = (4,5 x10% + 9 x108) v' = 1,35 x10” N-C-! v to the right v/
QUESTION 24
241 Q
n=- v A negative answer not accepted; substitute so
—4x1076 that a positive answer is obtained.
T Z1,6x10°1
=2,5x103 v/
24.2 kQ,0
1%2
F = 2 v
_ (9x10°)(4x107°)(3x107°) .
B 0,22
=27NY
24.3  Electric field is a region (in space) where (in which) an (electric) charge experiences a (electric)

Physics Revision Book: Answers
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(1)

©)

©)

3)
()

(6)
[18]
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OPTION 1
Electric field at M due to: -4 x 106 C
kQ
Egu =—5 ¥
_ (9x10°)(4x107%)
h 0,32
= 4x10° N - C™! (to left)
Electric field at M due to: +3 x 10 C
kQ
Epy = T_Z
_ (9x10°)(3x107%)
B 0,12
=2,7x10% N - C~1 (to right)
Net electric field at M
Enet = Eam + Eam
=4,0 x105—-2,7 x108 v/
= 2,3 x106 N-C-1 v/(right)
OR
Net electric field at M
Enet = Eam + Eam
=-4,0x10%+ 2,7 x10¢ v/
=-2,3x10% N-C"
= 2,3 x108 N-C-! v (right)
OPTION 2
kQ.Q
Fay = r12 2
_ (9x10)(4x107)Q
B 0,32
= (4x10%)(Q)
_ kQ,Q,
BM — rz
_ (9x10)3x107)Q
B 0,12
= (2,7x10°)(Q)
Fret = 2,7 x 10Q + (-4 x 105Q)v" = 2,3 x 108Q
F
E=—V
Q
_2,3x10%Q
B Q
=2,3x10° N - C~1 v (right)
)]
Positive (1)

245
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24.6
(Fret)? = (Fap)? + (Fag)? OR
(7.69)2 = (Fap)Y* + (2,7)2 kQ,Q,
Fao=72N Fyp = 2
kQ,Q 9 -6
Fop = 12 _(9x10 )(4 x 10 )Q\/
r? - 0,152
9 -6 ’
_ (9x10°)(4x107°)Q v — 1,6x10° Q
’ 0,152
0p=45x105Cv Fret = /(FXB + Fip)
7,69 = /2,72 + (1,6 x 106Q)% v/
Q =4,50x10"6C v
QUESTION 25
25.1 The magnitude of the electrostatic force exerted by one point charge (Q+) on another point charge
(Q2) is directly proportional to the product of the (magnitudes) of the charges v" and inversely
proportional to the square of the distance (r) between them. v/
25.2 . k0, Q, ,
7"2
9x10%)(6x107?)(5x107°
1221072 = O* 10 xrz )Gx107)
r=0,015mvY
25.3
N
T
Fe
W
25.4.1 Up, parallel to the incline, is positive.
Fret=ma v’
T+Fe+wi=ma
T-1,2x103%v -(0,01)(9,8)(sin 25°) v =0
T=0,04 N v (0,0426 N)
2542 Enet — ER + ES \/
_ kQr | kQs
Epet = — vtz
_ 09x 10°)(5x 1079) v (9 x10%)(6 x 1079) P
~ (0,015 + 0,03)2 0,032
=—-37777,78 N-C~!
Enee = 37777,78 N-C~1 v down the incline v/
QUESTION 26
26.1.1 Added v
26.1.2
=y
de
B —1,95x107°
© —1,6x10"1
=1,22x1013 v

26.1.3 The (electrostatic) force experienced per unit positive charge placed at that point. v'v/
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26.1.4 k
p-k2,
T
_ (9x107)(1,95x107°) L,
B 0,52
=7,02x10* N -C1v
(3)
26.2 WEST +
Fret =Fq2 +Fq1
k k
_ <+ Q12Q2> n <_ Q12Q2> v
r r
(9x109)(1,95x107%)q, (9x10°)(1,95x107%)q,
v = — vv
1,38 <+ 0,032 * 0,052
g, =1,11x1077 C v (5)
[14]
QUESTION 27
27.1.1 The magnitude of the electrostatic force exerted by one point charge (Q1) on another point
charge (Qz2) is directly proportional to the product of the (magnitudes) of the charges v and
inversely proportional to the square of the distance (r) between them. v/ (2)
27.1.2
(3)
27.1.3 Positive v (1)
2714 Flot = Ffp + Ffs s =ne
kQ,Q,\* kQ10Q,\> 4,887x107¢ = n(1,6x1071%)v
= ( 2 ) v+ ( 2 ) n = 3,05x10'3 electrons v’
9 -6 -6\ 2 9 -6 2
107 = (9x10%)(3x107°)(3x107°) V4 (9x10%)(3x107°)Q, v
0,12 0,152
Q, = 4,887x107¢ C
(6)
27.2.1 1
E is directly proportional tor—z. ‘
OR
E oA (1)
27.2.2 AE
Gradient = 1 v
)
680 v = —
~——)-0
0,042)
E, =425x105N-C~1v
(4)
27.2.3 Greater than v
For the same 12 E is greater for sphere B. v'v/ (3)
T
[20]
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QUESTION 28

28.1 The magnitude of the electrostatic force exerted by one point charge on another is directly
proportional to the product of the magnitudes of the charges and inversely proportional to the
square of the distance between them. v'v/

28.2  Negative v

28.3 Fe Acceptable labels
wY’ Fy/Fw/wiweight/mg/ gravitational force /gravity
w Fev"  Felectrostatic/F/ Fmonn / Electrostatic force
28.4
o kQnoy
T'Z
9x10° 8,6x1078
(2,04x107)(98) v v = )(QSW ;g LR
0y = 2,33x10°6 C v '
28.5.1 Equal OR The same v’
28.5.2 Opposite OR upwards v
286 | OPTION 1: UPWARDS POSITIVE For |
Enet = Ey + Ey : kQ :
kQu  kQy E=—aY
Enee =—3-+—3~ S A ——
_ (9x107)(2,33x107°) L, (9x10°)(8,6x1078) L,
B 0,42 0,12

=5,37x10* N -C!
Epet = 537x10*N-C71v; upwards v

OPTION 2: DOWNWARDS POSITIVE For

Enec = Ey + Ey : kQ
kQu . kQy E=—
Enee =—3-+—3~ b
9 -6 9 -8
_ (9x109)(233x107) s (9x10°)(8,6x10°°)
0,42 0,12

= —5,37x10* N -C?
Eper = 537x10* N - C~* v;upwards v/

QUESTION 29

29.1  The magnitude of the electrostatic force between two point charges is directly proportional to the
product of the magnitudes of the charges and inversely proportional to the square of the distance

between them. v v/

29.2 Marking criteria
Correct shape v

Correct direction from Y to X v/
Lines must not cross and must touch the spheres. v/

E.l

29.3 Fe kQYzQX v

r
_ (9x10°)(7,2x1079)(7,2x10°°)

0,032
=5,184x107* C v

29.4 4—‘—>

Ey v Ez v

FS/2024

()

(5)
[17]

()

©)

()
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295 | OPTION 1
Ener = Ez + Ey
k k
Enet = % v + %
T T
(9x10%)Q, (9x10°)(7,2x1079)
Sv = —v v
491x10 0.012 0,032
0, =625x10"°C v
OPTION 2
F
E=—V FnetzFZonX+FYonX
¢ v e o kQzQx  KkQrQx
4,91x105 = ——— net r2 r2
7,2x107° (9x10°)(7,2x107°)Q
Fper = 3,54x1073 N 3,54x1073v = 5 (’)12 2v —v518x107*
0, =626x10°Cv (5)
[15]
QUESTION 30
30.1  Electric field is a region in space in which an electric charge experiences a force. v'v’ (2)
30.2 1 Marking criteria
Correct direction of field lines. v/
Correct shape of the electric field lines. v/
- — | No field lines crossing each other. Field lines
must touch the charges but must not go inside. v/
30.3 : ©
' OPTION 1
kQ
E= 2 v RIGHT AS POSITIVE
9x10°)(3x10™° Ener = E4 + Ep
E, = ( )1"(2 ) S (9x10°)(3x1072) [ (9x109)(3x10'9)] L,
(9x10%)(3x10~%) - r2 (2r)?
B = (2r)? r=087mv
OPTION 2
kQ,Q
F=—3%= RIGHT AS POSITIVE
9x10%)(3x107° Fper = Fy + Fp
F, = ( )(TZ )@ v 270 = (9x10%)(3x107°)(Q) (9x109)(3x10_9)(Q)] S,
(9x109)(3x10)(@) B r2 (2r)?
B = (2r)? r=087mv
(5)
304 TopTION 1
F=EQv
= (27)(1,6x1071%) v
=4,32x10"18 N v
OPTION 2
Fe kQ:10Q, v
r2
RIGHT AS POSITIVE
Free = F4 + Fp
_ (9x109)(3x10'9)(1,6x10'19)+ (9x10°)(3x1072)(1,6x10719) L,
- 0,872 (2x0,87)2
=4728x10"8m v
3)
[16]
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ELECTRIC CIRCUITS

STION 1

Keep the temperature (of battery) constant. v/

\ Graph of potential difference vs current
4

8.0
5.0
4.0
2.0
0 p g ) ) g
1(A)
Criteria for drawing line of best fit:
ALL points correctly plotted (at least 4 points) v
Correct line of best fit if 3 plotted points are used. v
72VV
(Accept any readings between 7,0 V and 7,4 V or the value of the y-intercept.)
Slope= Y 20727 _ g - 1ogqv
ope = Al—m s =9 .=
P=VIv .. 100=20(l)v ..1=5AY
2 2
p- Y, Rr=20) , _o670v
R 150
P =Vl OR P=IR
S Iisow = L 75A S lisow = [150 v =75 A
20 267
hot=(5+7,5) v
e=I(R+r)v .. 24=125R +7r)
24 =Vext + Vir .. 24=20+12,5(r) v S.r=0,32Qv

Device Z is a voltmeter. v/

Device Z should be a voltmeter (or a device with very high resistance) because it has a very

©)

FS/2024

(1)

©)
(1)

©)

()
(1)

high resistancev”_and will draw very little current. v' The current through X and Y will remain the same

hence the device can operate as rated.

(2)
[22]
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QUESTION 2
2.1.1 Same length of wires.v’
Same thickness/cross-sectional area of wires. v’ (2)
2.1.2 Wire A (Resistor A)Draad A ¥
R AV,
T A Accept any correct coordinates chosen from the graph
4.4 Aanvaar enige korrekte kodrdinate van die grafiek
Ra=32 " =11QY| gekies.
2.2
= — v = v
Rs 04 550
E = P RAtY
|
For the same time and current, the heating in A will be higher because its
resistance is higher than that of B. v (8)
221 | OPTION 1/OPSIE 1 OPTION 2/OPSIE 2
Issq @ Lo V=IR
2:1 Vi1o0=02x11
50 = (0,2)(2) vV =22 Vv
= 0,4 Av Vﬁ‘ﬁ = V11 = 2,,2 Vv
B
55 = 55
=04 AV (3)
222 | OPTION 1/OPSIE 1 OPTION 2/OPSIE 2
V=IR Lot = (0,4 +0,2) v
l=(04+02)v =06A
=06A Vet = Vi1 o+ Vi ¥
l=i+i+ 'f = [IIDI (Rﬁ} + 2:2]
R, R, R, =0,6(11)v +2,2
I =8.8Vv
e € =Vex * lialr) ¥
P =2 9=88+06rv
RT=RP+R'?'_—-‘—- r =0.330v
=3,67+11v ’
=14,670)
e=lR+r)v
9=0,6(14.67 +r) v
r=0330+v (7)
2.2.3 Decrease v
The total resistance increases. v’ (2)
[22]
QUESTION 3
3.1 Negative v/ )
\Y 1,36
3.2 ly=—v=—20=v=023A"Y 3
“"R ©
3.3 OPTION 1 OPTION 2
\% 1,36 V. 136
.. =— = 2= v =045 A l,=—=2""Vv =045 A
30 R 3 ) 3 R 3
It=I>+I3 =0,23+0,45v =0,68 A Ir=12+13 =0,23+0,45v =0,68 A
Vintriost = € - Vextv' =1,5-1,36 v = 0,14 V A _ 1 1,1 1 1, Re=20
Vintriost = Ir v/ R, Ry Ry R, 6 3
0.14=(068)rv . 120210 e=IR+1)v.1,5=0682+1)v.r=0210v | (7)
34 Decreases v’ Effective resistance across parallele circuit decreases. v Terminal poetantial difference
decreases. v' Resistance in ammeter branch remains constant. v/ (4)
[15]
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QUESTION 4
4.1 The potential difference across a conductor is directly proportional to the current v'in the conductor at
constant temperature. v’ (2)
4.2 OPTION 1 OPTION 2
Vs=IR Y =(0,5)(8) =4V =Vis Ve=IR v =(0,5)8) v =4V
v 1 1
T = —= i:O’ZSA L:i+i=—+—\/.'-R=5,33Q
R 16 R, Ri Ry 8 16
4
TItoty = Ia1 = (0,5 + 0,25) v = 0,75 AV botr = 5,? =Ia1=0,75AY )
4.3 OPTION 1 OPTION 2
V200 = IR =(0,75) (20) v =15V
20Q ( )( ) L:l+i=%+%f¢R=5,33Q
Vit = (15 + 4) v = 19 V Rp Ri R
V=19V Ri+ Ra20 = (5,33 + 20) v = 25,33 Q
P=VIv Vit = I(Ry + R2o ) = (0,75)(25,33) =19 V
~212=(19)Rr v P=VIv .12=(19)R vV
~IR=Ia2=0,63AV ~Ir=Ia2=0,63 AV (5)
4.4 OPTION 1 OPTION 2
e =I(R+r1)v = Vigot + Vint Vint = Ir = (0,75 + 0,63)(1) v = 1,38 V
=19+ (0,75 +0,63)(1) v =20,38 V v e= Vinot + Vit vV =19+ 1,38 = 20,38 V v (3)
[14]
QUESTION 5
5.1.1 V=IRv
=(0.2)(4+8)v
=24V
(3)
512 | V=R OR
24 =1(2) v 1=6x02 v
l20 = 1.2 A7 l2=12Av
|T=|2+0,2A‘/ |T=|2+012‘/
=14 Av 14 AY )
5.1.3 OPTION 1 OPTION 2
l:l_'_i N I“l’linl = Ir"/
R, R, R, =(1,4)(0.5)
=0,7 Vv
l:i-}-l e=V +V
R, 722 it
Rp=1720v AR
£ = I(R+r) ¥ =31V
= 1,4(1,72+0,5) v
=3,11Vv ()
5.2 Removing the 2 Q resistor increases the total resistance of the circuit. v* Thus otal current decreases,
decreasing the Vint (Viost). v Therefore the voltmeter reading V increases. v/ (3)
[15]
QUESTION 6
6.1.1 OPTION 1 OPTION 2 OPTION 3
V2 P=Vi P=VI
P=— 4=1(12) 4=1(12) ~ 1=0,33.A
R , 1=0,33..A P=PRY
2 - -
4 V2_02F g3y |VEIRY 4=(0,33%)RV
R R 12=0,33Rv ~R=36,36 Qv | ~-R=36,73QV (3)
6.1.2 Increase (1)
6.1.3 No change v Same potential difference v' (and resistance) (2)
6.2.1 V=IR v ~5= |(6) v ~1=083A
Veiost = I OR €E=|(R+r)
1=(0,83)r ¥ 6=(0,83)6+r) "
r=1,200Qv r=1230" (4)
6.2.2 Maximum work done (or energy provided) v" by a cell per_unit charge passing through it. v/ (2)
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6.2.3 OPTION 1 OPTION 2
Voost = Ir Voost = Ir
1,5‘/:|(1,2) 1,5\/=|(1,2) . 1=125A
| = 1,25 A V|| = |pRp
4,5=(1,25)R, v
V) = leRs Rp=3,6Q
4,5 = 16(6) 11
ls=0,75 A R, Rx Ry ¥
Vi = IRy v L I
4,5= (1,25 - 0,75)Rx v Ry, Rx 6
Rx=9Qv :Ry= ORx_ =35 .Rx=9Qv (5)
R, +6 [17]
QUESTION 7
7.1.1  Maximum work done (or energy transferred) by a battery per unit charge passing through it. v'v' (2)
712 12VVv (1)
713 0V/ZeroVv (1)
714 OPTION 1 OPTION 2
e=I(R+r) OR €= Vext + Vintv' V=IRV
12 = 11,7 +Ir 0,3 = Tt(0,2) v
03 =Iet(0,2) v Tot=15AY ot =1,5A Y (3)
745 t_1, 1 1.1, Rr-gav 2)
R, R, R, 10 15
716 [OPTION1 OPTION 2
V=IRY V=IRY
11,7v =156+R) vV 11,7=15RV
R=18QV R=78Q andRrk=7,8-6vv=18Q" (4)
7.2.1 OPTION 1 OPTION 2 OPTION 3
Pave = Fvave v'= mg(Vave) p= W, y= AE, + AEp p- ﬂ = AEp
- (0.30)9.8)04) ¥ At At At At
o _ 0+(035)98)(04-0) = | _ (035)(9.8)(04)
- 1 - 1
=137 WV =137 WV 3)
722 OPTION 1 OPTION 2
P=Vi N
1,37 =(3)I v = R
=046 A vAny one 32 v'Any one
1,37= —V
€ =Vext+ Vint R
=Vt + Vx + Vint R=6,57 Q
12=Vr+3+(0,2)(0,46) v P=VI
V=891V 1,37 =(3) v
1=0,46 A
Vr = IRt e=I(R+r) (5)
891=(046)RTv . Rr=1937Q Vv 12=0,46(6,57+R1+0,2) v ~Rr=19,38Q v [21]
QUESTION 8

8.1.1

The potential difference across a conductor is directly proportional to the current in the conductor v/

at constant temperature. v’

Physics Revision Book: Answers
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8.1.2 I
Graph of potential difference versus current
5,0
' N
3 40 N
(%)
c
o
8 N\
[+
T 3
® N
c
g S
e 2 \
1,( C
N Cyrrent (A)
0o 1,0 2,0 3,0 4,0 5,0
Straight line passing through 4 or five points. v/
Straight line with intercepts on both axes. v/ 2)
8.1.3 5,5V (Accept any value from 5,4 V to 5,6 V.) NOTE: The value must be the y-intercept. (1)
AV -
8.1.4 Slope=—vor Y2°¥1 = 55-0 - 12 . Internal resistance(r)=1,2Q v
Al X5 - X, 0-4,6
NOTE: Any correct pair of coordinates chosen from the line drawn (3)
821 V=IR . 2184=1t(8) v - lt=2,73A v (3)
g22 -1, 1 1_1. 1, r=120v )
R, Rz Ry R, 30 20
8.2.3 OPTION 1
Rot=(8+12+r) v =(20 + )
E=I(R+r) v . 60=273(20+r) v .. r=1,98 Qv
OPTION 2
Vi=Tetx Ry =2,73(12) v = 32,76 V
Vierminal = (32,76 + 21,84) v/ OR € =Viest+ Vi + Vs
=546V 60 = (Viost + 32,76 + 21,84) v’
“Viest” = 60 - 54,6 = 5,4 V Viost = 5,4 \%
V=IR - 54=273r . r=198Q+Vv 4)
8.2.4 OPTION 1 OPTION 2 OPTION 3
V2 W = I2RAtV W = VIAtY
W = FAt\/ = (2,73)2 (20)(0,2) v = (54,6)(2,73)(0,2) v
) =29.81Jv =29,81JVv
w= 5460 (55), = 2981 4w (3)
20 [20]
QUESTION 9
9.1.1 P and Q burn with the same brightness v" same potential difference/same current. v/ (2)
9.1.2 P.s dimmer (less bright) than R./R is brighter than P.v’

Physics Revision Book: Answers

R is connected across the battery alone therefore the voltage (terminal pd) is the same as the emf

source (energy delivered by the source). v/

OR: The potential difference across R is twice (larger/greater than) that of P./The current through R is

twice (larger/greater than) that of P.

()
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9.1.3 T does not light up at all. v" Ris brighter than T. v Reason: The wire acts as a short circuit. v/
OR: The potential difference across T / current in T is zero.v’ (2)
9.21 1 1 1 1 1
— = +— ¥v=—-+— ~Ry=333Q (3,333Q)
OR
Ry= RsRo o _ BKI0) 3250 (33330
Rs +Ryg (5+10)
Rot=Rs+Ry+r =(8+3,33+1) v R=Rs+R/=8+3,33=11,33Q
=12,33Q
V 20 e=I(R+r)v
|tot:§‘/=ﬁ‘/:1;62A 20 =1[(11,33 + 1)V] v
’ [=1,62AV
Alg= 1,62 AV ()
9.2.2 OPTION 1
V=IR v'Any one
Vs =& — (Vs + V1)
=20v -[1628+1)]v =542V YV
OPTION 2
_ (6)10) _ Vi=IR v
RI= 10) - 2339 > = (1,62)(3,33) vv
R 33) =539V Vv
Vry = x Vig ¥ = Ve = £2-"5(20)vv = 5,41V
Riot (12’33)
9.2.3 OPTION 1 OPTION 2
P=IVY P=1PRV
- Ptot = Psa + Py + P1a
= (1,62)(20) v = (Rs +Ry+ R1 ) 3)
=324 W Vv =(1,62)[8 +3,33 +1)] v =32,36 W v [19]
QUESTION 10
10.1.1 The potential difference (voltage) across a conductor is directly proportional to the current in the
conductor at constant temperature. v'v/ (1
10.1.2 Equivalent resistance v’ (1)
: AV 2.0 , :
10.1.3 Gradient = n = 050 v =4(Q)v  NOTE: Any correctly chosen pair of coordinates. (2)
10.1.4 | OPTION 1 OPTION 2
InseriesR1+R2=4Q v (1) Forgraph X: R1+R2=4 v .......... (1)
In parallel RRz 1Qvv ... (2) For graph Y: L l+ 1
1+Ry R, Ri R
R1R2 = 4 Q 1 1 1
~R1=R2=2QV —+— :(_j VV e, (2)
Ry Ry 1
2
\%
1024 l=—v___ 5 _5 ,_083Av 3)
R (Rm +Ry) (6)
10.2.2 | OPTION 1 OPTION 2
€=I(R+r)v =0,83[(6 +1,5) v+ 0,9v] €=(Vs+Vy+ Vi) v [ Vext + Vint
_ _ = [5+ (0,833 x 1,5) v+ (0,9 x0,833)] vv
- - v _ [
6.997V=7(00)V v (6972-7,00V) | _go99y=7(00)Vv (6,972 7,00 V) )
10.2.3 The resistance Ry will be 3 Q v
The voltage divides (proportionately) in a series circuit. Since the voltage across M is half the total
voltage, it means the resistances of M and N are equal. v (2)
[18]
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QUESTION 11

11.1.1 The potential difference across a conductor is directly proportional to the current in the conductor at

constant temperature.
11.1.2 Graph X. v Graph Xs a straight line (passing through the origin) therefore potential difference is
directly proportional to current. v

M21 1 _ 1 1 R=10+6+2" i ? v,
I R‘TD R15 =180 l
l:l+-l-\/ 6
R, 10 15 =25
Ri=6Q =033AY

11.2.2 Decrease v
The total resistance of the circuit increases. v’

11.2.3 Increase v

11.2.4_ The total resistance in the external circuit increases, v
Current decreases v’
"Lost" volts decreases v’

QUESTION 12

12.1.1 The potential difference across a conductor is directly proportional to the current in the conductor at

constant temperature.
OR The ratio of potential difference across a conductor to the current in the conductor is constant,
provided the temperature remains constant.

121.2 Vi=IRvV =(0,6)4)v =24V YV

12.1.3 | OPTION 1 OPTION 2 OPTION 2
Vo 24 6 Vaa = Vea - l4aR1 = lsaR2
lea=- = v=04AV —(|)= 0,6 4 (O 6)(4) = |GQ(6)_ v
R 6 10 lso=0,4AY
“1=1A “lea=04AY 0=,
1214 V2=1R=(0,4+0,6)(58) v =58VY
12.1.5 | OPTION 1 OPTION 2
Vet =(5,8+24)v =82V 1 1 3
v : 11,1 =—4_=2  .R=240
int r R R * R 6 4 1
=(1)(0,8) V=08V P 1 2
Emf=0,8+82=9Vv Rext =(2,4+5,8) v =8,2Q
Emf =I(R+r)=1(82+0,8)v =9V VY
12.1.6 | OPTION 1 OPTION 2 OPTION 3
W=VIaAtvY W = IR At v/ VAt _ 0,82(15)
=(08)(1) (15) ¥ =(1RO8)(15) v | W= = T =120
=12JV =12J Vv )
1221 R=' =28/ -40v
12.2.2 Increases v
Total resistance decreases, v current/power increases, v' motor turns faster
QUESTION 13
13.1 The battery supplies 12 J per coulomb/per unit charge. v'v’
OR The potential difference of the battery in an open circuit is 12 V.
13.2 OPTION 1 OPTION 2 OPTION 3
Viest=Ir v/ = (2)(0,5) =1V e=l(R+r v e=I(R+r) vV
Vext = Emf—Viest = (12-1) vV =11 VvV 12 = Vextieks +(2)(0,5) v/ 12=2(R+0,5)
Vextieks = 11 VvV R= 5,5 Q
V=IR=2(55)v
=11VVv
13.3 OPTION 1 OPTION 2 OPTION 3/OPSIE 3
V 11 05:R=111V 1 11
=_v=__=55QV S — =V
| 2 R - 5,5 Q / 0,5 R
R=55Qv

()
()

(%)
(2)
(1)
(3)
[15]

(2)
©)

()
()

@)

@)

)

(3)
[20]

(2)
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OPTION 4 OPTION 5
Viotal = IRtotal e=I(R+r)
12 = (2)Riotal 12=2(R+0,5) v
Riotal = 6 Q R:5,5Q\/
R=6-0,5v
=55QVv (2)
13.4  Decreases v
Total resistance decreases. v/
Current increases. v/
"Lost volts" increases, v'emf the same OR in € = Vext + Ir, Ir increases v/, € is constant
External potential difference decreases ... Vexteks decreases (4)
[11]
QUESTION 14
141  Temperature v’ (1)
142 r=3Qvv (2)
14.3 Any correct values from the graph
OPTION 1 OPTION 2 OPTION 3
€ = slope (gradient) of the graph v g e=IR+n Vv
_75-(3) R=1-17 =0,5(11 +3) v
15-0 7.5 = 15 -3 v e =TVY
=7VY e =TVY (3)
[6]
QUESTION 15

15.1.1 The rate at which (electrical) energy is converted (to other forms) (in a circuit). v'v’
OR: The rate at which energy is used./Energy used per second.
OR: The rate at which work is done.

)

15.1.2 \/2 _ V2t P=VI P=VIv
-y v W="=v 6 = (12)() 6 = (12)(1)
) _(2P() ~1=0,5A ~1=05A
_(2y 6="3 P=PRv V=IR
R R=24Q v 6=(0,52R VY 12 =(0,5R v
R=24QVv R=24QV R=24QVY (3)
15.1.3 | OPTION 1 OPTION 2
1 1 1 Rext = (Rs + R//)
L L
R. R, R, 1 _ 1. 1
11 R. R, R,
=oton” 1 1
24 24 = —+—v . Ri=120
Ri=12Q 24 24
Rext = (Rs+ R//) Rext = (24 + 12) v =36Q
Rext = (24 +12) v/ Y.
=36 Q P=I"R= R 4
V=IR OR e=I(R+r)v 2 B
12=1(36 +2) v 12(36 +2)="—L v
1=0,32AY (0,316 A) 38
1=0,32Av  (0,316) (5)
15.1.4 | OPTION 1 OPTION 2
V=IR V=IR
V = |(Ra+r) For the parallel portion (or from 8.1.3):
=0,316(26) v 1_1,1 0r g RR:
=8,216 V (8,32 V) R R, R, R+R,)
Vi = (12 - 8,216) v r = (24N24) _ o
= 3,784 V(3,68 V) 48
~Vc=3,78V (3,68V) v Vi=Ve v
V = IRy=(0,316)(12) v =3.79 V (3,84 V)V
OPTION 3
Ia=lg+lc =218
0,316 =2lg v
ls=0,158 A
V =0,158 (24) v = 3,79 Vv (3)
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15.1.5 OPTION 1

2
= VF OR For a given resistance, power is directly proportional to V2. v/

Since the potential difference across light bulb C is less than the operating voltage, v
the output/power will be less. v/

OPTION 2

P =12R OR For a given resistance, power is directly proportional to I2. v/

In_the circuit, the current in light bulb C is less than the optimum current required (0,5 A). v
The output power will be less.v’

OPTION 3

P = IV OR Power is directly proportional/equal to product of V and |. v/

The voltage across light bulb C, as well as the current in the bulb are less than the optimum values v/

hence power is less v" and brightness is less. (3)
15.2.1 The total current passes through resistor A. v’ For the parallel portion, the current branches,
therefore only a portion of the total current passes through resistor C. v/ (2)
15.2.2 The current in B is equal v to the current in A. The circuit becomes a series circuit. v/ (2)
[21]
QUESTION 16
16.1  Maximum work done (or energy provided) v' by a battery per_unit charge passing through it. v/ (2)
162 13VV (1)
16.3.1 R = ¥\/ ~56= 10|’5 v . 1=188A v (1,875 A) (3)
16.3.2 | OPTION 1 OPTION 2
P=VIv P=IPRVv
=(10,5)(1,88) v =(1,88)%(5,6) v’
=19,74 W v (19,688 W) =19,79 W v (19,688 W)
OPTION 3
2
p=Y" v _105" /= 1979 W v (19,688 W)
R 56 (3)
16.3.3 | OPTION 1 OPTION 2
SZI(R+r)‘/ - Vin ernal - 2!5 -
13=1,88(56+r) v r——tI ! /—_1 88/-1,339/
r=131Qv ’ (3)
16.4.1 Decreases v
Vinternal resistance/ Internal volts increase v/ (2)
16.4.2 | OPTION 1 OPTION 2
E=IR+r) v E=I(R+r)v
13=4 (Rext + 1,31) v 13 =4(Rext+ 1,31) v
Rext = 1,94 Q (1,92 Q) Rext = 1,94 Q (1,92 Q)
1 11 R, R,
_ = — 4+ — R=——*=
Re R, R; P R,*R,
1 =1+i/ 1’94=5,6F{2‘/
194 56 R, 56+R,
R2=297Q (2,92 Q) R2=297Q (2,92 Q)
1 1
X=§(2,97)‘/ X=§(2,97)‘/
=1,49Qv (1,46-1,49 Q) =1,49Qv (1,46-1,49 Q)
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OPTION 3
E=IR+r) v

13 = 4(Rext+ 1,31) v
Rext= 1,94 Q (1,92 Q)

1 11
_— = — 4 —
R. R, R,
1.1,
1,94 56 2X

oxe 207 Q (2,920)
1
X=5(2,97)7
=149 Qv (1,46 — 1,49 Q)

OPTION 4
E=IR+r) v
13 = 4(Rext+ 1,31) v
Rext = 1,94 Q (1,92 Q)
_R,R,
PTR,+R,
_(56)(2X)
194= 56 +2XV
(1,94)(5,6 + 2X) = 11,2 X

X=149Q Vv

()
[19]

QUESTION 17

171 (Maximum) energy provided (work done) by a battery per coulomb/unit charge passing through it. v'v'

OR Work done by the battery to move a unit coulomb of charge in the circuit.
17.2  Energy (per coulomb of charge) is converted to heat in the battery due to the internal resistance. v'v"'  (2)

17.3.1 v

[=—v
R
1,5

T 05
=3AV

17.3.2

OPTION 1

1 R 1 y

"Ry R,

1 N 1

T 25 15

R, =9,3750Q

Rext=9,375+4 v =13,38 Q v
(13,375 Q)

2| rI| =

OPTION 2

_ RiRy
PR, +R,
(25)(15)
==V s
P 25415
Rp =9,375Q
Rext=9,375+4 v=1338Q Vv
(13,375 Q)

17.3.3

OPTION 1
E=IR+r) v
=3(13,38 +0,5) v

=41,64V Y  (Range: 41,625 —41,64)

OPTION 2
€ =Vexy+ Vint v
= (3)(13,38) + 1,5 v

=41,64V v  (Range: 41,625 —41,64)
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17.4 Yesl ‘/
For the same voltage/potential difference, v/
a larger current will flow through a smaller resistor (I = g) 4
OR
Ia%/,v=constant\/
| is inversely proportional to R and V is constant.
OR
Vi=IR
=(3)(9,38)
=28,14V
I —V—28'14—113A\/
Re7R™ 25 7
I —V—28'14—188A\/
TR 15 7
OR
V is the same v
I 25 I
150 = 74
40
I = 151 Y
250 — 40

17.5 Remains the same.

QUESTION 18
18.1  (a) electrical energy
(b) unit charge
18.2
Rs=R; + R,
=443V
=70
1_1,.1,
R, Ry R,
1 1.1,
R, 7 *7
R,=35Q0V
18.31 Switch open Switch closed 2,8+ 0,4r = 2,629 +0,751r v
/4 /4 r=0490 v
[=—=V 1= —
2 263
I== = 3,5 Y
=044 =0,7514
e =IR+nr) v e =IR+7)
e =04(7+1) v e =0,751(3,5+71) v
€ =28+04r £ =2,629+0,751r
18.3.2 |& =2,8+04r & =2,629+0,751r
= 2,8+ (0,4)(0,49) v OR = 2,629 + (0,751)(0,49) v
=3VVv =3VVv
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QUESTION 19
19.1.1 12V Vv )]
19.1.2 0V V )
19.2  The rate at which work is done or energy is expended/transferred. v'v/ (2)
193 | oPTION 1 OPTION 2 e
P=1?Rv P=—
576 = (1,25)R vV 4,8)2
R=4Q(~/ ) 5,76=( ) v
P=VI
= v
576 = (1,2)V k=40
V=48V OR
V=RIYV
48 =R(1,2) v
R=4QV
(3)
19.4 1 1
R, R
1 1
R, 6 8
Rp 350
=354+4v=75QY

195 |y, =R, = (1,2)(35) v =42V
LV
R V,=IRV
_ A2 = (0,5)(6)V
8,4 =3VVv
=054

19.6  Decreases v
Total resistance decreases. v/
Total current increases. v

Vinternal /Internal voltage (“lost volts”) increases. v/

Vexternal /€Xternal voltage decreases.

Physics Revision Book: Answers
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20.1 A conductor (resistor) which obeys Ohm's law. v'v/

QUESTION 20
20.2.1 v
=— v
R=7
4 32,
T
I=08A4Y

20.2.2 |OPTION 1
e=IR+nrV

=10V Vv

=08[(4+8)v =05]v

OPTION 2
Vs = IR
= (0,8)(8)
=64V

Vore = 3.2 + 6,4
=96V

Vine = I
=(0,8)(0,5) v
=04V

Vemf = Vext + Vint 4

=96+04V
=10V Vv

20.3.1 Vine = 10 — 8,8
=12V
Vine = ltor”
1,2 = 1,,:(0,5) v
Lot =24 A
V
Lserie branch = E
_88
8+ 4
=0,733 A

Ig = Itor — Lserie branch

=24-0733V
=1,667 A

20.3.2 There is a short circuit.

The resistance of the connecting wire is very low. / The total resistance decreases. v/

The current delivered by the battery is very high. v/
Higher current produces more heat. v/

QUESTION 21

FS/2024

()

©)

(®)

(3)
[17]

21.1 The potential difference across a conductor is directly proportional to the current in the conductor at
constant temperature. v'v’

21.2.1

t_1.ry R...=Ry» +R
5> -5 T ext — Itp 4
Re fl 1R2 = 0833447
_i.1y 483307
175
Rp = 0,833 Q
2122 | oPTION 1 OPTION 2
V. V. %
Rt =— Y Rp=—=V Ry =— Vi=V,+V
1‘; 1]; v ’5 =2916 + 14
N, 2 SN Y = 16916V v
4833 = o 0833 = 2= 15
V, = 16,916V v Vv, =2916V V=14V

21.2.3 Smaller than v/

21.3.1 Maximum energy supplied by the battery per unit charge. v'v OR

The total amount of electric energy supplied by the battery per coulomb / per unit charge.

21.3.2 NoVv

21.3.3 The battery has internal resistance. OR

Some energy per coulomb of charge/volts is used to overcome internal resistance. OR

There is a potential drop/lost volts inside the battery. v/

21.4.1 Decreases v
21.4.2 Increases v/

Physics Revision Book: Answers
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21.5  When the voltmeter is connected:
e The resistance of the parallel branch increases. OR No/very small current through the 1 Q branch.
OR Branch with 1 Q resistor is disabled/bypassed. OR A voltmeter has a very high resistance. v’
e (Total) resistance of the circuit increases. v/
e Current in circuit decreases. v’
e Vintemal/ Internal volts/ Viest decreases. v/
e Therefore, external volts increase for a constant emf. (4)
[20]
QUESTION 22
221 The potential difference across a conductor is directly proportional to the current in the conductor at
constant temperature (provided all other physical conditions remain constant). v'v OR
The ratio of potential difference to current is constant at constant temperature. OR
The current in a conductor is directly proportional to the potential difference across the conductor at
constant temperature (provided all other physical conditions remain constant). (2)
22.2.1
OPTION 1 OPTION 2
|4 |4 |4
R:—\/ R:—\/ R=-— VT=V1+V2
I I I — 3475
v 14 -V, =3+7 ,
7_E Z—E =13 =105V
V=105V Vv V=3V V=75V
(3)
22.2.2 | OPTION 1 OPTION 2
R= %4 v 1 _ 1 4 1 v R, — %4
I Re R R, T
Iy 7 3 Ir
;=354 Rp =210 Iy =54Y
Ir =15+35v =54V (4)
22.2.3 [OPTION 1 OPTION 2 OPTION 3
P=VIv P=1I°RY _Vz/
=105)35 Y || =653 |[PTF
=36,75W v =3675W v 10,52 y
-3
223 | OPTION 1
1 1 1 (1()=(2)) i
—=—+— 52,1+r)=3,643+r
Re Ry Ry . r=03090
P e=IRp+7) OR e=IRp+7)
P =5(2,1 + 0,309) = 3,64(3 + 0,309)
S;and S; closed S2 open =12,050v =12,049
e=IRp+1)V e=1I(R;+71)
=521+ ..(1) =3,643+1)V ..(2)
OPTION 2
1 _ 1 4 1
R Ri R,
_ (1) =1(2)
=773 —> 5—10,5_5—10,92‘/
Rp =210 5 364
£=12040V
S1and S; closed S2 open
e=1IRp+1)V e=I(R;+71)
=5(2,1+r) =3,64(3+71)
8—10,5‘/ 1 _5—10,92\/ )
r= 5 .. (D r= 364 - (2) (5)
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224  Increases v
Total resistance increases. v/
Current decreases. v/
Vinternal /Internal volts decreases. v/ (4)
[21]
QUESTION 23
23.1  The potential difference (voltage) across a conductor is directly proportional to the current in the
conductor at constant temperature. v'v OR
The current in a conductor is directly proportional to the potential difference (voltage) across the

conductor if temperature is constant. (2)
23.2.1 1 1 1
Rpuszy Ri R, 1 1 1
1 1 = —
=— 4+ —V R R R
10 + 10 ext 1&28&L 3
=750V
Rig281 = Rps2) + Ry
=5+10v
=150
)]
23.2.2 |OPTION 1 OPTION 2
e=IR+1r)v 4
=—Vv
12 =1(75+05) v R=1
_ 12
[=754Y 7'5+0’5=T‘/
I=75AY
3)
23.2.3 R = @ - OPTION 1
ext — IT P — IZR v
75 = Vext = (0.752)(15) vV
15 =844W Vv
Voye = 11,25V
OPTION 2
AND V2
- P=— Vv
Vext 1 R
R3 = I [3 = E[T _ 11,252 v
1125 OR 1 ~ 1sv
15 = 1’ = 5(1.5) =844W v
3 —
I, =0,754 =0754 OPTION 2
P=VIv
_ = (11,25)(0,75) vV’
=844W vV
4)
23.3.1 Increases v’ (1

23.3.2 Total resistance of the circuit increases and current in circuit decreases.v’
Vinteral/internal volts/Viest decreases and Vextema/external volts /VrL increases. v/
Power output increases v therefore brightness increases. (3)
[18]
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QUESTION 1
1.1 Electromagnetic induction v
1.2 Rotate coil faster./Increase number of coils./Increase the strength of the magnetic field. v/
1.3 Slip rings v/
14 The AC potential difference/voltage v that produces the same amount of electrical energy as an
equivalent DC potential difference/voltage. v
15 Vime= Ymac, = 38945 o 04003V v
J2 V2
QUESTION 2
211 OPTION 1 OPTION 2
V2 _ Vimax _ 340/ _
P, = F;S v Vims = -5 240,04
340 V2
(C=)7v Pae = I’;‘S v
100= % ’ (240,04)°
= >~ v . = v
R=578QV 100 v R . R=578Q
21.2 OPTION 1 OPTION 2
Pave = IrmsVims v/ Vims = IrmsR v/
100 =Tms 220 ' ilme=0417Av | 320 =1 (578)v - lms=0417Av
2 V2
2.2 Can be stepped up or down. / Can be transmitted with less power loss. v/
QUESTION 3
3.1.1  Anticlockwise v’
3.1.2 +100 _A
: |
c< I
o~ |
T = 0,1 t
5 2 ©
=
()]
5 -100
Criteria for graph:
Two full cycles with correct shape. v
Showing the maximum voltage. v
Showing the time 0,1s for two cycles. | ¥
3.1.3 Decrease the frequency/ speed of rotation v'(1)
3.2 Pave = Vimslrms v* . 1500 = (220)(|rm§)_ v o lms = 6,82 A
Ims = Tmax " Imax = \/E (6,82) v =9,65A Y
V2
QUESTION 4
4.1.1  Move the bar magnet very quicklyv'v" OR up and down inside the coil.
4.1.2 Electromagnetic induction v
4.1.3 Commutator v

Physics Revision Book: Answers
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421 |[OPTION1
Vims - = (220)*¥ va (220)2 7,
p = Vms = W = —ms At v _ L)
¥ " R 4033 R 2033 )
=1200,10 W (J's) v =1200,10 J v
OPTION 2
V, 220 \ 22
I =~ v = v =545A [ = ms 220
™R 40,33 ™R 40,33 A
_12 R 2 2
Pae =lmsR =(545)74033 W =1 fms RAL = (5,45)2(40,33)(1) v’
=1197,9 W /1 200,10 W v/ =1197,9J/1200,10J v (4)
422 | OPTIONA1 OPTION 2
Vi = Vmax Pave = Vimslms v
™ 1200,1 = (220)rmsv’
Irms = 5,455 A
V,
220 = Ymax
\/5 Imax = \/E (5,455)
Vimax= 311,13 V Y any =7,71AY (7,715 A)
formula
I = Ymax _33U3 4000y
R ~ 4033
OR
VoI
Pave - max2 max
311131
1200,1 = Tm‘"‘x 2 Imax = 7,71 A
OPTION 3 OPTION 4
2 —
Pave = |rmsR v Vrms - |rmsR v
1200,1 = 12ms(40,33) v/ 220 = Iims(40,33) v/
lrms = 5,455 A Irms = 5,455 A
_ - _ (3)
oo = V2 s = V2 (5,455)= 771 A v = V2 ke =2 (5455) = 7.71 A 7 [11]
QUESTION 5
5.1.1  North pole v )
512 QtoP v (1)
52.1 [ OPTION1 OPTION 2
—_ Imax _— 8 _— _— V _— V
Ims = —12¢ v = ° v =566 A Vims = —Max v . 220 = max
J2 2 2 J2
Vrms = IrmsR v Vmax = 31 1 ,12 V
220 = 5,66R v Vmax = ImaxR v/
~R=3887QVv 311,12=8R ¥
~R=23889QY (5)
52.2 | OPTION 1 OPTION 2 OPTION 3
Pave = Vrmslms v/ .2 V2 220)2
= (220)(5,66) ¥ Pave =1 rms R v Poe == v= C230 v
=12452 W = (5,66)%(38,87) v :
W =124522 W = 124518 W
P = — \/
At P = w P= w v
W At At
124522= — v W W
7200 124522= — v 124522 = —— v
W= 8965584 J v 7200 {200 (5)
W = 8965584 J v W= 8965584J v [12]
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QUESTION 6

6.1.1atob v

6.1.2 Fleming's left hand rule /Left hand motor rule v/
6.1.3 Split rings /commutator v/

6.2.1 Mechanical/Kinetic energy to electrical energy v'v/

N == a
~—~ ~— ~— ~—

6.2.2 OPTION 1 OPTION 2
_ V X _ 430 _ Vmax = ImaxR v/
Vime =~ = g 730408V 430 = Imax(400)
Imax = 1,075
I=y/= 304,06 V=0T76AY = Tme 2 1075, _ v
Irms —— 0,76 A
R 400 ,
V2 J2
OPTION 3 OPTION 4
\% 430 V, 430
Vims = —M&_ v = =~ v = 304,06 V Vims = —M&_ v/ = =— v = 304,06 V
V2 V2 V2 V2
2 2 2 2
P = Virs _ (304,06)" _ 23113 W P - Vims _ (304,06)" _ 23113 W
R 400 R 400
Pave = limsVims ¥/ Pave = I2msR v/
231,13 = Ims(304,06) v - Ims =0,76 AV 231,13 = I2ms (400) V' . lms=0,76 AV (5)
[10]
QUESTION 7
7.1.1 DC-generator v’
Uses split ring/commutator v/ (2)
A
7.1.2 OR T
> > >
“GE—) an: time (s)
© °©
8 8
=} =}
© ©
£ £
——» Curve starts at zero to first peak. v’
Time (s) Shape and one complete DC cycle. v/ (2)
7.2.1 OPTION 1 OPTION 2
Viax - 340 _ Vi - 340
Vs = N = f_ 240,416 V Vs :—2 = —2
Pave = Vimslims v/ Pave = VimsIms v/
800 = Irms (240,416) v _ 340 _
lms = 3,33 A v/ 800 = > Ims V' . Ims=3,33AY
OPTION 3 OPTION 4
2 2 2
:Vrms :Vm_ax Pave=IrmSR‘/
Pave R 2R
2
(340)2 800 =1 rms (72,25) v
800 = m ~ R=72,250Q Ims = 3,33 AV
Vims = ImsR v
Irms = M‘/= 3,33A‘/
72,25 (3)
722 OPTION 1 OPTION 2
For the kettle: Vool
Pave = Vimslms v/ Pave = Vimslms v = %
340
2000= ——1 v oo Ims = 8,32 A 340
N R 2800 = TI”“"X v o Imax = 16,47 A
ot = v
Trot - (181,3625-‘,-0\3\,/33) Iime = Imax = 1647 Ims=1165A v
: J2 2 (4)

[11]
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QUESTION 8
8.1.1 R: armature/coil(s) v
T: Carbon brushes v

X: Slip rings v 3)
8.1.2 Faraday's Law v/ (1)
821 15V Vv (1)
8.2.2 OPTION 1 OPTION 2
Vims = ImsR Vmax
15, Y
rms 45

=0,333 A vany one v'any one
Irms =
V2
21213 v _oa7Av
Imax =(0,333) \/E v= 0,47 A v — = (4)
[9]

QUESTION 9
9.1  Sliprings v 0
9.2

Marking criteria
Sine graph starts from 0. v
0 > Two complete waves (between to and t2) | v
t
\ SO\

(2)
9.3 Any TWO:
Increase the speed of rotation. v/
Increase the number of coils (turns). v/

E (V)

Use stronger magnets. (2)
9.4 The AC potential difference/voltage v that produces the same amount of electrical energy as an
equivalent DC potential difference/voltage. v/ (2)
9.5 OPTION 1 OPTION 2
Pave = limsVims v/ V2 2402
1500 = lrmsmwak(240) v/ Pave = F\/ . 1500 = ~R=38,4Q
1500
It = - = /
Irms 240 6,25 A lrms = V— = —240 v = 6,25 AV
R 384 (3)
[10]
QUESTION 10
10.1.1 Mechanical to electrical v’ (1)
10.1.2 A A
E EA __Cc A
2 B D OR 3 : . t(s)
[0} 9 | 1
] | i 8 i
=) | | 5 : |
g : ] 2 ! !
! i > B D
A c A t(s)
Criteria for graph
Correct DC shape, starting from zero v
Positions ABCDA correctly indicated on the graph v
(2)
10.2.1 205Q Vv

Physics Revision Book: Answers © Free State Department of Education
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10.2.2 | OPTION 1
V,
e =~ = _29v' _ 4 59 (1,2195) A
R 20,5
Pave = Ims? R Pave = Iims?2 RV’ W = I2ms RAt
=(1,22)%(0,5) =(1,22)%(20) v =(1,22)% (0,5)(1)
=0,74 W =29, 77T W v =0,74 J
2
Pae = Vims v _ (25)2 v OR 20 v P - Vrm52 v _ (25)2 v
R 20,5 Vims device = x 25 ave R 20,5
= 30,49 W 205 = 30,49 W
Actual energy delivered per =2439V Actual energy delivered per
second(power) = (30,49—- 0,74) Pave = Vimslrms v/ second(power)
=29, 75 W v = (24,39)(1,22) = (30,49 — 0,74) = 29,75 WV’
=29,76 W v
OPTION 2
20 Vims ¥ (24,39)%

Vins s = %25 = 24,39 V Pase =~ = ( 0/) = 2974 W v

QUESTION 11

11.1.1 ANY THREE

Permanent magnets; coils (armature); commutator; brushes; power supply/battery
11.2.1 The AC potential difference/voltage v that produces the same amount of electrical energy as an

equivalent DC potential difference/voltage. v

122 OPTION 1 OPTION 2

Vims = LrmsR 1% — Vinax

240 = I,,,s(11) v v ms =5

I = 21,82 A Vm X

rms 240 = 72 Y
, V2
loms = %x Vinax = 339,41
21,82 = Imax v Vinax = ImaxR
' NG 339,41 = I,,,5,(11)

Lpax = 30,86 AV Inax = 30,86 A
QUESTION 12
12.1.1 Split ring/commutator v’
12.1.2 Anticlockwise v'v/
12.1.3 Electrical energy v'to mechanical (kinetic) energy v
12.2.1 DC generator: split ring/commutator and AC generator has slip rings v’
1222 |, _Vox v =320 v =22627VY

ms \/5 \/E
1223 | = Vinax. = 320 v =914 A |rms:|m¢ V=914V =646 AV

R 35 J2 72
QUESTION 13
13.1.1 Yto/naX Vv
13.1.2 Faraday’s Law Electromagnetic Induction v/
OR Electromagnetic induction/Faraday's Law v/

13.1.3 Mechanical (kinetic) energy v'to electrical energy v’
13.21 340V V
13.2.2 V ok = 7\/"‘3"/"‘3'(5 Vo= 340 v Vrms/wgk =240,42V 4

rms/wgl \/E \/E
1323 | OPTION 1 OPTION 2

V2 /wak V2m x/maks
_ _mms/wgk 2 axmal
Pave/gemid - R : P | gomid :M\/: 2 _ V2 maximaks
. avelgem R R T 2R
1600= (240,42 v ...R=36,13Q "V . .
R ' .. 1600= (340 v .. R =36,13Q v
2R
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QUESTION 14
141 Sliprings v (1)
142 BYVY (1)
143y = Vmemes v = 312 v = 220,62V 7 (3)
V2 2
14.4.1 | OPTION 1
2
P qoms = MeIVE /= (220.62F ¥ = 121683 W v
R 40
OPTION 2
_ Vrms/wg
|rms —
R v any one
_ (220,62)
40
=5,515
Pave = 12msR
= (5,515)%(40) v
=1216,61 W v
OR
Pave = Vimslrms = (220,62)(5,515) v = 1216,72 Wv (3)
14.4.2 | OPTION 1 OPTION 2
V Pave = Vimslmms
Inax = —medute. 1216,83 = 220,62 s
ms = 5,515 A v' Any one
_ 312 v
= E lims = _max/imaks
V2
=78AV |
5,515 = lmaxmaks v/ o |nax=7,8 AV
V2 (4)
[12]
QUESTION 15
15.1.1 DCV (1)
15.1.2 Emfis induced as a result of the rate of change of magnetic flux linked v'v" with the coil. (2)
15.1.3 A
OR A
S
() —
S time (s) g time (s):
3 2
5 Marking criteria for graph: s
o Correct shape and one cycle. | v o
Loops of equal height. v d
(2)
15.2.1 The AC potential difference/voltage v that produces the same amount of electrical energy as an
equivalent DC potential difference/voltage. v (2)
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15.2.2 | OPTION 1 OPTION 2 OPTION 3
w= Y arv W=PRALY Po = 2R ¥
- R A I500I = |2 (520%10) % = [2ms (200)
500= V* .V = lms = U,
200 (10) P — V | Ims = 0,5 A
ave ms’rms P _ V |
V= Vrms =100V @ = Vrms(o,5)‘/ ave — Trms'ms
10 @ = Vrms(0,5) v o Vms =100 V
\ Vims = 100 V 10 S
Vims = Yna v 2 100 = Vmax v - Vi = 141,42 VY
2 2
2 2
(5)
[12]
QUESTION 16
16.1.1 (DC) motor v/ )
16.1.2 Electrical to mechanical/kinetic (energy). (2)
16.1.3 Split ring/commutator (1)
16.1.4 Anticlockwise (2)
16.2.1 The AC voltage/potential difference which dissipates the same amount of energy/heat/power as an
equivalent DC voltage/potential difference. v'v/ (2)
16.2.2 | OPTION 1 OPTION 2 OPTION 3
Pave — % ‘/ ga(;ﬂs i }/;’mslrms ‘/ Pave i Vrmslrms /
R = I;ms(220) 200 = I,1,5(220)
200 — 220° Lms = 0,909 A Lms = 0,909 A
R=242Q0V R= Vims Pe = I2sR
" s 200 = (0,909)?R v/
_ 220 v R=242Q0V
0,909
=242Q0V
(3)
16.2.3 OPTION1 OPTION 5 P —I2 R
VzAt V2 ave rzms
w = vv Pe = T;S v 92,975 = Irms(242)
R Loms = 0,6198 A
_ (150%)(10x60) v _150% "W = I2RAt v
242 \// 242 = (0,6198)2(242)(10)(60) v
= 55785,12] =92,975 W — 5577888 v
OPTION 2 OPTION 3 OPTION 4
VZ Vrms Vrms
Pave = 2 R I v R I Y
_ 1507 rar 150 ray (50
242 Irms rms
=92975W Lims = 0,620 A Lims = 0,620 A
(P = K v Pave = LrmsVims 7 W = IZRAt v ?
At = (0,62)(150) = (0,62)3(242)(10)(60) v/
92975 =— " = 92,97 W = 55 814,88 J v
(10)(60) (55 785,12 — 55 896 J)
W =55785,12] v _ w v OR/OF
P=x W = VIAt
_ = (150)(0,62)(600)
92,975 = 0D v 5 800 4 -

Physics Revision Book: Answers

W =5578512] v
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QUESTION 17

17.1  Sliprings v (1)
17.2  Allows the slips rings to rotate while maintaining contact with the external circuit. v OR

Transfer/conduct current to the external circuit. OR
Connection between external circuit and coil/slip rings/internal circuit. (1)

17.3  According to the principle of electromagnetic induction, an emf/current is induced as a result of the
change in the magnetic flux linkage v'v* with the coil. (2 or 0) (2)
174 PtoQvY (2)
17.5 T 1
L =0,035v
= 0hes OR
1
t =002+ (E) (0,02)v
= 0,03 S v (3)
17.6 Vmax Vmax
Vims = \/7 Lrms = ﬁ
311 219,91
=— Vv = v
NG 100
=21991V =2,1991V
OPTION 1 OPTION 2 OPTION 3
_ V2At v W =VIAt v W =I?RAt v
W=— = (219,91)(2,20)(60) vV = (2,202)(100)(60) vV’
_(219,91%)(60) S =29028,12] v =29040] v
B 100
=29016,24] vV (5)
[14]
QUESTION 18
18.1  Sliprings v (1)
182 YtoX vV (2)
18.3  The AC potential difference which dissipates the same amount of energy as an equivalent
DC potential difference. v'v/ (2)
184 | OPTION 1 OPTION 2
_ Vmax;maks _ Vmax;maks
Vrms;wgk - = Imax;maks -~ 5
V2 R
100 100
= — VvV = — Vv
VZ 25
=70,71V =44
Vrms-wgk L — Imax;—maks
Irms;wgk - 27 I" v rms;wgk \/7
_ 7071 _4
25 V2
=2834Y =283A4Y (4)
18.5
OPTION 1 OPTION 2 OPTION 4
Vrz‘ms;wgk v Pave;gem = rms;wgklrms;wgk v P — Vmax;maks Imax;maks v
Favesgem =57 = (70,71)(2,83) ¥ aveigem 2
_ 70712 = 200,11 W v _ (100®
- 25 2
=200W v OPTION 3 =200W v
Pave;gem = Ivgms;wgkR v
=(2,83)(25) v
= 200,22W v
(3)
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200
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0
-200
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QUESTION 19

19.1.1 Electrical to mechanical/kinetic/rotational v/
19.1.2 DCV
19.1.3 Ensures continuous rotation of the coil. v OR

Ensures the change in direction of the current in the coil.

1921 | OPTION 1 OPTION 2
P - Vr?ms v Pave = Vemslrms
e = p 100 = 2201, s
100 = 220% Ims = 0,4545 A
R=4840V lrms === ¥/
220
0,4545 = T v
R = 484,050

OPTION 3

Pave = Vimslims

100 = 2201, 5

Lms = 0,4545 A

Pve = IrzmsR v

100 = (0,45452)R v
R =484,100 Vv

1922 mmmMmMmMm T
For resistor Y For resistor Z
P V2 D Vons = 220 — 196,77 v Power rating of Z
ave = " p ; = 23,226V V2.
Vr%ns E Pave = R E
80 = 284 Vs l _ 220" 5
Vims = 196,774V P R ~ 57,066 ;
l ! 0,407 = e / 848,14 W v/ i
v, Y R :
Lims = % 5 R = 57,066 Q [847,21 W to 854,22 W]i
_ 196,774 e —
484
= 0,407 A
QUESTION 20

20.1.1 Split ring/commutator v’
20.1.2 Y to X OR No current v/
20.1.3 1

Physics Revision Book: Answers
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20.1.4
,S.. »
= 90 [=====-2 Criteria for graph
S - Correct shape with one full cycle.
& E‘ Curve starts at zero to first peak.
=35 Any of the correct time values at the
S 'E correct position.
E_ E Maximum voltage of 90 V or -90 V.
5 0 >
o% 0,025 0.05 TimelTyd (s)
]
3
. " OR/OF
2
X
2 g
>3 4 0.025 005
S .gl Time/Tyd (s)
z 2
8%
=]
0%
£ ap besceNae e
S -90
20.2
OPTION 1 OPTION 3
V2 At Other energy and power Vims
ave = v formulae may be used. =1
rms
2 v 220
_ (2209020) ¥ 32=22 o
32 ‘/ Irms
=181500] v =6,8754
OPTION 2 Wave = VimslymsAt ¥
vz W = (220)(6,875)(120) v/
Pope = == P=x = 181500 v
2202 w
= 15125=—V
3 v 512,5 120
=1512,5W W =181500] v
QUESTION 21

21.1.1 North pole v
2112 Yto XV
21.1.3

A

Emf (V)

\/

Physics Revision Book: Answers

Marking criteria

Correct shape v

Graph starts from maximum value. v/
Two complete waves v/

IR NEENEN
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21.2.1

OPTION 1 OPTION 2

V I
Vims %x v Lims = =

<l @§|

_ 282,84 v 200

6 4,24
=4714Q0V =4717QV

21.2.2 |OPTION 1 OPTION 2 OPTION 3
W = I?RAt v/ W =VIAt v _V2At .

= (4,24%)(47,17)(7 200v)v = (200)(4,24)(7 200v)v’ W=—

=6,11x10°] v =6,11x10° ] v _(2002)(7 200v) L,
N 4717
=6,11x10° ] v )

QUESTION 22
22.1.1 Split ring/Commutator v/ (1)
22.1.2 Electrical to mechanical/kinetic v/ (1)
22.1.3 Clockwise vV (2)
22.1.4 Any two of the following: v'v'

¢ Increase the strength of the magnetic field, e.g., use stronger magnets or bring magnets closer.

e Increase the current.

e Increase the area of the coil.

¢ Increase the number of turns in the coil.

e Use a battery with a higher potential difference. (2)
22.2.1 Root-mean-square current is the alternating current that dissipates the same amount of energy as

an equivalent DC current. v'v/ (2)
22.2.2 I

max
= v

Irms_ﬁ
_36,

V2
=255AY

2223

OPTION 1 OPTION 2

W =Vt v V=1IR
= (220)(2,62)(120) v 220 = 2,62R
=69168] v R =83,969 Q

V2 At
W = I, RAt v w=""""1yv
(2,622)(83,969)(120) v OR

69168 v

R
~ (220%)(120)

83,969
= 69168 ]V

(3)
[14]
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OPTICAL PHENOMENA AND PROPERTIES OF MATERIALS
QUESTION 1
1.1 The minimum frequency of light needed to emit electrons v* from the surface of a metal. v (2)

1.2 E=W. + Ek(max)

1
E=W.+ Emvfnax v'/Any one

1
h% = .+ TV o
-34 8 1
(663 x10 _ J3x107) — (6,63 x 104)(5,548 x 10™4) v + 2 (011 107°")(533x10°)% v
A=4x10"m Vv (5)
1.3 Smaller (less) than v/ (1)
1.4 The wavelength/frequency/energy of the incident light/photon is constant. v/
Since the speed is higher, the kinetic energy is higher v" and the work function / Wo/ threshold
frequency smaller. v/ (3)
[11]
QUESTION 2
2.1 The minimum energy needed to emit an electron v from (the surface of) a metal. v/ (2)
22
E=W, +1mvfm
2 Any ONE OF/ENIGE EEN vanv
hS =W, +~my?
,'\. 4] 2 mex
- 8 v
(5-53“0(“1(3" 10 (336x10 )+ 232x10 " ¥
A= 350x107 mv (4)
2.3 E=W, +%mvfnax
ORIOF v
C 1
hI =W, +§"'Wr2nax
-H 8 v
{66310 )(3;:10 12(3.65x10'19)+Ek
(350x10°")
E = 203x10" v (4)
2.4.1 Increasing the intensity does not change the energy / frequency / wavelength of the incident photons. v/
OR: The energy of a photon remains unchanged (for the same frequency). (1)
242 Increases v (1)
2.4.3 More photons/packets of energy strike the surface of the metal per unit time. v Hence more (photo)
electrons ejected per unit time v leading to increased current. (2)
[14]
QUESTION 3
3.1.1  The particle nature of light. v/ (1)
3.1.2  Shorter wavelength means higher photon energy. v’
Photon energy is inversely proportional to wavelength v' (E = h}TC ).
For the same metal, kinetic energy is proportional to photon energy. (2)
3.2.1 OPTION 1 OPTION 2
34 8 c=fA .. 3x108="1(330x10°) v
We=hS ., = (663x107)@x107y ".f= 9,00 x 10 Hz
A 330x10°Y Wo = hf, v for both equations
= (6,63 x 10-34)( 9,09 x 107) v/
. Wo=6,03x10"°J v =6,03x 1019 J v/ (4)
3.2.2 OPTION 1
E =W, + Ex
hf = hfo + Ex
v
hf = hfo + Y5 my2 [ ANV One
E = Wo + % mv2
(6,63 x 10-3)(1,2 x10") v'= (6,03 x 1019 v'+ ¥(9,11 x 103"W2 v . v=6,5x10°m's' v
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OPTION 2
Ek = Eiignt — Wo }\/ Any one
= hfiight — hfo
= (6,63 x 10-34)( 1,2 x10%) v - 6,03 x 10-'° v = 1,926 x 10-1% J (5)
Ex = Yamv? ~ 1,926 x 1019 =% (9,11 x 1032V  .v=6,5x105m-s"' v [12]
QUESTION 4
4.1 Itis the process whereby electrons are ejected from a metal surface when light of suitable frequency
is incident/shines on it. v'v’ (2)
4.2
1
Graph of Exmax) vs/—\
= 4
S
H o
H <
‘.
S ! 10° ()
A
Criteria for drawing line of best fit:
ALL points correctly plotted (at least 3 points) v
Correct line of best fit if all plotted points are used. v (3)
431 OPTION 1
1
- = 16x10% mt v (Accept 1,6 x 106 " to 1,7 x 108 m-")

Physics Revision Book: Answers

1
fo=cx v =(3x108)(1,6 x108) v =48x 10" Hzv"  (Accept4,8x 10" Hzto 5,1 x 10" Hz)

OPTION 2

By extrapolation: y-intercept = -W,

W, = hfo v

3,2x 1079 = (6,63 x 1034)fo v/

fo=4,8x 10" Hz v (Accept 4,8 x 10"* Hz to 4,83 x 10'* Hz)

OPTION 3 (Points from the graph)
hc
E = Wo + Ekmax) -~ 7 =hfy + Ek(max) v

(6,63 x 10-34)(3 x 108)(1,6 x 106) v = (6,63 x 1034)fo + 0 v ..fo= 4,8 x 10" Hz v/
OR 6,63 x 10-34)(3 x 108)(5 x 108) v = (6,63 x 10¥)fo + 6,6 x 10-® v .. fo = 4,92 x 10" Hz v/
OR 6,63 x 10-34)(3 x 108)(3,3 x 108) v = (6,63 x 1034)fo + 3,3 x 101° v .. fo = 4,8 x 10™ Hz v

OR 6,63 x 10-34)(3 x 108)(2,5 x 108) v = (6,63 x 1034)fo + 1,7 x 101° v .. fo = 4,94 x 10" Hz v/
OR 6,63 x 10-34)(3 x 108)(2,2 x 108) v = (6,63 x 10-34)fo + 0,7 x 101° v .. f, = 5,54 x 10" Hz v/

(4)
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432 OPTION 1 OPTION 2
A 6,6 10710 Wo =y intercept
hc = gradient v' = =4 = =3,2x101%J
AX  (5-16)x10 Accept: 3,2 x10-9 J to 3,4 x10-1%J
= 1,941 x10-25 (J-m) ‘
. _25 Wo = hfo
h:gradlent :1,941><1(l , 3,2 x 1019 v = h(4,8 x 10M) v
c 3x10 h=6,66x 103 J-sv
= 6,47 x10% J-s v Accept: 6,66 x103 J-s to 7,08 x10-34Js)
OPTION 3 (Points from the graph) OPTION 4
hc
7 = Wo + Ek(max) =3,2x10"9v+6,6 x 1010V WO = hTC 4
. 98x107" 653 x 105 Jus v 3,2 x 10719 v'= h(3 x 108)(1,6 x 106)v’
T (3x10%)5x10%) " T h= 6,66x10%Js v
OR
hC 19 19
7 = Wo +Ek(max) =3,2x10"v+33x10"1°v
65x107"
= 5 5. Y =657x10%Js Vv
(3x107)(3,3x10°)
OR
hC 19 19
. — =Wj +Egmax =3.2x 1010 v+ 1,7 x 1010V
47x1071
= 8 6. V=627Tx10%Js Vv 4)
(3x10%)(25x10°) [13]
QUESTION 5
5.1 The minimum energy needed to emit electrons v from the surface of a certain metal. v/ (2)
5.2 Frequency/Intensity v/ (1)
5.3 The minimum frequency (of a photon/light) needed to emit electrons v* from the surface of a certain
metal. v’ (2)
5.4 Ef "':fﬂ +Ex l v Any one/Enige een
0
(6,63 x 103‘}}( 50x 10“)« (6,63 x 10%)(5,001 x 10'%) v+ %4(9,11 x 10%'W2v
o v=4,67 x10° m-slv
OR/OF
Ex =Eigm—Wo i
= hfign — hf"q} ¥ Any one/Enige een
= (6,63 x 10} 6,50 x 10" - 5,001 x 10") v
=9,84x 107"
Ex =% mv?v
J2Ek _Jz (2)9,94 x10% )
9,11x10™*
v=467x10°ms" v (5)
5.5 The photocurrent is directly proportional to the intensity of the incident light. v'v/ (2)
[12]
QUESTION 6
6.1.1 Light has a particle nature. v/ (1)
6.1.2 Remains the same. v

For the same colour/ frequency/wavelength the energy of the photons will be the same. v

(The brightness causes more electrons to be released, but they will have the same maximum kinetic

energy.)

OR Maximum kinetic energy of ejected photo-electrons is independent of intensity of radiation.

Physics Revision Book: Answers
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6.1.3 E=Wo+ Ex OR hf=hfo+ Ekx OR hf = hfo + %2 mv2 OR E=Wo + % mv2

(663x107)(3x10%) ,_ (663x10*)3x10%) , , Li911,10-%)(476x10%)%
420x107° Ao 2
2. Ao =5,37 x 107" m .. the metal is sodium v (5)
6.2 Qv andS Vv
Emission spectra occur when excited atoms /electrons drop from higher energy levels to lower energy

levels. v'v/ (Characteristic frequencies are emitted.) (4)
[12]

QUESTION 7
7.1.1  The minimum frequency of a photon/light needed v' to emit electrons from a certain metal surface. v*  (2)
7.1.2 Silver v

Threshold frequency / cut-off frequency (of Ag) is higher. v and W, a fo / Wo = hfo v/ (3)
7.1.3 Planck’s constant v’ (1)
7.1.4  Sodium v (1)

7.2.1  Energy radiated per second by the blue light = (% )(60 x 10%) v =3 x 103 J-s!

hc s °
(66310 7 )(3x107) , _ 4 232 x 1019

Ephoton = — ' =
T 470x10°°
-3
Total number of photons incident per second = _ 3107 . 7,09x 108 v (5)
4232 x107"°
7.2.2 7,09 x 10 (electrons per second) v’
OR: Same number as that calculated in Question 7.2.1 above. (1)
[13]
QUESTION 8
8.1 Itis the process whereby electrons are ejected from a metal surface when light of suitable frequency
is incident/shines on that surface. v'v/ (2)
8.2 Increase v’
Increase in intensity means that for the same frequency the number of photons incident per unit time
increase. v Therefore the number of electrons ejected per unit time increases. v’ (3)
8.3 OPTION 1
E =Wo + Ekmaxy OR hf=hfo + Ekmaxy OR hf=hfo+%mvZ OR E=W, +¥%mv2v
-34 8
(6,63 x 10 x 5,9 x 10) v = (663 me fax10°),, 2,9 x 1019
0
-26
39,117 x 1020 — 2,9 x 1019 = 19891077 . '\ = 4 97 x 106 m v
o
OPTION 2
E =W, + Exmaxy OR hf=hfy + Exmaxy OR hf=hfo+%mvZ OR E=W, +2mvZv
((6,63 x 103 x 5,9 x 10'%) v = (6,63 x 103)fo + 2,9 x 101 . fo=1, 52 x 10" Hz
c=foho .. 3x10%8=(1,52x10"Aov .. A0 =1,97x108m v
OPTION 3
E =W, + Ekmaxy OR hf = hfo + Ekmay OR hf=hfo +%mvZ OR E=W, +¥%mv2v
(6,63x10%x59x10™) v =Wo+29x10" . We=1,01x10"12J
Wo=hf, .. 1,01 x 109 = (6,63 x 103%)f, .. fo=1,52x 10" Hz
c=foho .. 3x108=(1,52x10"™Aov .. Ao =1,97x10%m v (5)
8.4 From the photo-electric equation, for a constant work function, v" the energy of the photons is
proportional to the maximum kinetic energy of the photoelectrons. v/ (2)
[12]
QUESTION 9
9.1 The minimum frequency of light v'needed to emit electrons from the surface of a metal. v/ (2)
9.2 The speed remains unchanged. v/ (1)
9.3 OPTION 1
c=fAv

5. 3x108=1(6 x107) v

S f=5x10"“Hz v

The value of f is less than the threshold frequency of the metal, v" therefore photoelectric effect
is not observed. v

Physics Revision Book: Answers © Free State Department of Education
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OPTION 2
For the given metal: Wo = hfo v = (6,63 x 10 -34)(6,8 x 10" ) v' = 4,51 x 10-19 J
For the given wavelength:

hc 34 8
Epnoton= — = (683x10 7)Bx107) »  OR  Epnoton = hf =(6,63 x 1034)(5 x 1014) v'v'

A 6x10”
=3,32 x10"°J =3,32x10"°J
Energy is less than work function v* of metal, therefore photoelectric effect not observed.v’ (5)
9.4 E :Wo +Ek(max) OR E=w, +%mv§1ax OR h% =hf, +%mvﬁqax OR hf =hfy + %mV%aX
(6,63 x 10-34)(7,8 x 10™) v' = (6,63 x 10-34)(6,8 x 10"4) v + %mv rznax
¥ MV2max = 6,63 x 1020J  thus %%(9,11 X 10-31) V2max v'=6,63 Xx 1020 .. Vmax=3,82x 10°m's' v (5)
[13]
QUESTION 10
10.1.1 (Line) emission (spectrum) v’ (1)
10.1.2 (Line) absorption (spectrum ) v/ (1)
10.2.1 Emission v )
10.2.2 Energy released in the transition from E4 to E2 = E4 — E2
Es—E2=(2,044 x 108 - 1,635 x 10-'8) v' = 4,09 x 10-1°J
E=hfv .. 4,09x10"=(6,63x103%)fv .. f=6,17x 10" Hz v 4)
10.2.3 E=W,o + Ek(max) OR hf=hfo + Ek(max) OR hf=hfo+%mvZ OR E=W, +¥%mvZv
4,09 x 10" v = (6,63 x 10-34)(4,4 x 10™) v + Ekmax) .+ Ekmax =1,17 x101°9J v
OR
Ek(max) = Eiight — Wo } v Any one
= hfignt — hfo
= (6,63 x 10-*#)( 6,17 x10™) v'- (6,63 x 10-34)(4,4 x 10" v = 1,17 x 10-"°J v (4)
10.2.4 No Vv
The threshold frequency is greater than the frequency of the photon. v/
OR: The frequency of the photon is less than the threshold frequency.
OR: Energy of the photon is less than the work function of the metal. (2)
[13]
QUESTION 11
11.1.1 Greater than v
Electrons are ejected from the metal plate. v/ (2)
11.1.2 Increase in intensity implies that, for the same frequency, the number of photons per second increases
(ammeter reading increases), v' but the energy of the photons stays the same. v* Therefore the
statement is incorrect.
OR An increase in energy of photons only increases kinetic energy of the photoelectrons and not the
number of photoelectrons, thus the ammeter reading will not change. (2)
11.1.3 Light has a particle nature. v (1)
11.2.1  The minimum frequency needed for the emission of electrons from the surafce of a metal. v'v’ (2)
11.2.2 Wo= hfo v
= (6,63 x 10-34)(5,73 x 1014) v/
=3,8x101J Vv (3)
1123 E=Wo+Ekmaxy OR hf=hfo+Exmay OR hf=hfo+%mvZ OR E=W, +%mv2v
(6,63 x 10-3%)f = 3,8 x 1079 + [14(9,11 103")(4,19 x 105)?] v/
f=994x10"Hz v (3)
[13]
QUESTION 12
12.1  The minimum energy needed to eject electrons v' from the surface of a certain metal. v/ (2)
12.2  (Maximum) kinetic energy of the ejected electrons v/ (1)
12.3  Wavelength/Frequency (of light) v/ (1)
12.4  Silverv

According to Photoelectric equation, hf = W, + %2 mv?
(For a given constant frequency), as the work function increases the kinetic energy decreases.v’
Silver has the smallest kinetic energyv” and hence the highest work function. (3)
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12.5 hf = Wo + amv2maxmaks OR h% = Wo + Exmaximaks) ¥
(663x10™)(3%10°) = W, + 958 x10"® v
2x10°® ’
9,945 x10'® = W, + 9,58 x 10-18
S Wo=3,65x1019J v (4)
12.6  Remains the same v
Increasing intensity increases number of photons (per unit time), but frequency stays
constant v" and energy of photon is the same. v" Therefore the kinetic energy does not change. (3)
[14]
QUESTION 13
13.1  The minimum energy needed to eject electrons v' from the surface of a certain metal. v/ (2)
13.2  Potassium /K v
fo for potassium is greater than f, for caesium v/
OR
Work function is directly proportional to threshold frequency v/ (2)
13.3 OPTION 1
c=fAv .. 3x108=f(55x107)v .. f=545x10"Hz .. fu < foofK(potassium)
-.Ammeter in circuit B will not show a reading v
OPTION 2
E=NC =(663x10*)3x10°) =3,6164 x 1019 J
) 55x1077
Wo = hfo v/ = (6,63 x 10-3#)(5,55 x 10"4) v'= 3,68 x 10-1° J
W, > E or hfo> hf ~The ammeter will not register a current v/
OPTION 3
c =foho vV
3x108=(5,55x10")A v
Ao =5,41x10"m
Ao(threshold) < A(incident) .. the ammeter will not register a current v/ (3)
13.4 OPTION 1
E=W,+E OR hf—hf Tmvz  OR hE =hi+EK(max)‘/
0 I‘(}max) =ni, + E mv .. A )\0
(663x10™)(3x10%) - (5 63 x 10#)(5.07 x 10™) + Exrany
55x1077
Exk=2,55x100J vV (Range: 2,52 x 1020 —2,6 x 10%°J)
OPTION 2
1, c c
E= WO + Ek(max) OR hf = hfo +—Mmv, .. OR h A =h— + Ekmax) v
2 Ao
(6,63 x 10-34)(5,45 x 10") v'v' = (6,63 x 10-34)(5,07 x 10") + Ekmax) v’
Exk=2,52x1020J v (Range: 2,52 x 1020 —2,6 x 1020 J) (5)
13.5 Remains the same v )
[13]
QUESTION 14
14.1  The minimum frequency of light needed to eject electrons from a metal surface. v'v' (2)
14.2 OPTION 1/ OPTION 2
c=fA <
E=h%\/ 3X108:W/Both
f=6x10""H
_ (663x10™)3x10°) E = hf
5x107 = (6,63 x 10%4)(6 x 10'4) v/
=3,08 x 1019 Jv’ =3,98 x 10" Jv’ (3)
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14.3

14.4

OPTION 1 N
E = Wo + Ekmax

1
hf =W, +5mv7,,

c v'Any one
h X = Wo + Ekmax/maks)

Cc
h X = hfo+ EK(max/maks))

3,98 x 1019 = (6,63 x 10-34)(5,55 x10") + Ek(max) v’
EK(max) =3,0 x1 020y v
Ekmax > 0 v
(The electrons emitted from the metal plate have kinetic energy to move between the plates,
hence the ammeter registers a reading.)
OPTION 2
Wo = hfo v/ = (6,63 x 10-*#)(5,55 x10™) v = 3,68 x 10-'° J
Ephoton > Wo 4
(The energy of the incident photon is greater than the work function of potassium. From the
equation hf = Wo + Ekmax, the ejected photoelectrons will move between the plates, v" hence the
ammeter registers a reading.) 4)
The increase in intensity increases the number of photons per second.v’
Since each photon releases one electron v' the number of ejected electrons per second increases.v’ (3)
[12]

QUESTION 15

15.1

15.2

15.3
15.4

15.5.1
15.5.2

The process whereby electrons are ejected from a metal surface v" when light of suitable frequency

is incident/shines on the surface. v/ (2)
7,48 x 1019 (J) v/

E =W, + Ekmax (= W, + YamVZmax) v/

When Ex=0, E = W,v 3)
Mass (of photo-electron) v/ (1)

OPTION 1

Gradient = ¥2m v/

11,98x1019-7,48x107° ¥
X-0 v

X=0,9868 v

= 14(9,11 x 1031) v/

OPTION 2

E= WO + omv2max v/

11,98 x 1019 v = 7,48 x 1019 + %4(9,11 x 109) v2 [or %4(9,11 x 10°1)X]
4,5 x 1019 = 4,56 x 1031v2

v2=0,9868 x 1012

X =0,9868 v (0,99) (5)

Remains the same v/ )
Increases v/ )
[13]

QUESTION 16

16.1
16.2
16.3
16.4

Photoelectric effect v/ )
Work function (of potassium) v/ (1)
Potassium v' It has the lowest work function / threshold frequency / highest threshold wavelength. v (2)
The work function of a metal is the minimum energy that an electron (in the metal) needs v to be

emitted/ejected from the metal / surface. v’ (2)
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©)

(4)
[13]

(2)

Wo= hfo v
= (6,63 x 10-34)(1,75 x 10"%) v
= 1,160 x 108 J v/
OR/OF
E = Wo + Ekmax) v Any one
hf = Wo + Ek(max)
(6,63 x 10-%4)(1,75 x10"%) =Wo + 0 v
Wo = 1,160 x 108 J v/
16.5.2
E=W, + Ekmax) }\/Any one/
hf = hf, + Vzmvzmax
(6,63 x 10-34)f v = 1,160 x 10-"8 + 74(9,11 x 10-3") (5,60 x 10%)2 v
s f=1,97 x 10 Hz v
QUESTION 17
171 11,6 x10°J v
17.2  As the wavelength of the incident radiation/light increases the maximum kinetic energy of
the emitted electrons decreases. v'v OR
As the wavelength of the incident radiation/light decreases the maximum kinetic energy of the
emitted electrons increases. OR
The maximum kinetic energy is inversely proportional to the wavelength. OR
1
E —
r(max) a 7
17.3  The work function of a metal/surface is the minimum energy needed to remove/release an
electron from a (metal) surface. v'v/
174 oPTION1 OPTION 2
W, =hfy v E= VVO"'Ek(max)‘/
OR OF OR OF
hc hc
W, = A_ E= A_ +0
0
_ (663x1073)(3x109) (6,63x10-34) (3x10%) v’
o 4,9x1077 v o= 49x107 v
W, = 4,06x1071° ] v/ W, = 4,06x1071 ] v/
OPTION 3
Any set of co-ordinates can also be used, for example if wavelength
is equal to 4 x 107 m (refer to the table below 17.5 for the different
answers):
E =W, + Ex(max) v
hc
7 =W, + Ek(max)
(6,63x1073%)(3x108)
v = 19 v
22107 W, + 1,6x10
W, = 3,3725x1071° ] v
17.5 E=W,+ Ek(max) v

hc
by =W, + Ek(max)

(6,63x1073*)(3x108)

0,5x10~7
E(max) = 3,641x10718 | v

v’ = 3,3725x107"° ¥ + Ey(max)
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Q174 Qi7.5
A Ek(max) Wo Ek(max)
49x 107 0 4,06 x 10 3,752 x 1078
-7 _ -18 _
Og’%’)‘( o 140x 101 | 1’?8826")(1 o | 2782x107
1,5x 107 8.0 x 10°° 5,26 x 1019 3,452 x 1078
5 107 6.0x 10— | 3,745x 109 | 3,6035 x 107 —
6,2 x 1019 3,95 x 1019 3,945 x 10-18
3x 107 3,6 x 10 3,03 x 10 3,675 x 1078
4x107 1,6x 1070 | 3,3725x 10°°_| 3,64075 x 10

QUESTION 18

18.1  The minimum frequency of light needed to eject electrons from a metal / surface. v'v/

18.2  Greater than v

18.3 E= VVO + Ek(max) 4
hf = hfo + Ek(max)

(6,63x10734)f,v = (6,63x10734)(10,4x10'4)v + 23,01x1071%) v/
f. = 451x101 Hz v

18.4.1 No effect v/
18.4.2 Increases v
18.4.2 No effect v/

QUESTION 19

FS/2024

(5)
(1)
(1)
(1)
2]

19.1.1 The process whereby electrons are ejected from a (metal) surface when light of suitable frequency
is incident on that surface. v'v/

19.1.2 For one photon:

E=hfv

= 7,956x10717 ]

Number of electrons =

= (6,63x10734)(1,2x10%5) v/

total energy of photons

energy of one photon

1,75x107°

= 7,956x10-1°

=2,20x10° v

1913 | E=W, + Kpax ¥

1
hf = hf, + Emvrznax

1
7,96x1071% = (6,63x1074)(9,09x10™) v + 5 (9,11x10 7 ) ¥

Vpmax = 6,51x10°m-s™1 v

19.2  An atom (electron) in a higher (excited) energy state/level returns to a lower energy state/level. v/

Energy is released as light (photons/frequencies of light are released). v/

QUESTION 20

20.1 Light has a particle nature/is quantized. v’

20.2  The minimum energy (of incident photons) that can eject electrons from a metal/surface. v'v/

20.3
E=W,+ Ek(max) v

hf =W, + Ek(max)

(6,63x10734)(5,96x10') v = 3,42x107"° + Ey(max) ¥’
Ek(max) = 5,31x10_20] v
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20.4 Q
1= % n= ; .
0,12
=— Vv - "
0012 =1 1,6x10-19 v/
Q=012¢C = 7,5x10%7
Number of photons = 7,5x107 v/ ()
20.5 Increases v
More photons strike the surface of the metal per unit time/ at a higher rate. v/
More (photo) electrons ejected per unit time v(resulting in increased current). (3)
[14]
QUESTION 21
211 6,63x10% (1)
21.2  The minimum energy needed to eject an electron from a (metal) surface. v'v’ (2)
2131 \w, = nf, v
= (6,63x1073%)(5x10%%) v/
=3,32x1071 ] v
3)
21.3.2
E=W,+ Ek(max) v
(6,63x1073%)(12,54x10'*)v = 3,32x107"° + Ej(max) ¥’
Epmax) = 499x107° ] = X v/
(4)
21.4.1 No effect v/ )
21.4.2 Increases v )
215 A A
wf
§ Marking criteria
£ Graph B to the right of graph A v/
-] Lines are parallel. v
=
Frequency
(2)
[14]
QUESTION 22
22.1.1 The minimum energy (of incident photons) that can eject electrons from a metal/surface. v'v/ (2)
22.1.2
OPTION 1 OPTION 2
E=hfv W, = hf, v

= (6,63x10734)(2,8x106) v/
=1,86x10717 ] v f, = 1x10'S Hz v

E>W,v f>fo v

6,63x1071 = (6,63x10734)f, v/

OPTION 3

E= VVD + Ek(max) v

hf =W, + Ex(max)

(6,63x10734)(2,8x106) = 6,63x10™° + Ey(max) ¥’
Ek(max) = 1,79x10'17] 4

Ek(max) >0V
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22.1.3

p =l =y
TZ 9 -6 e -9
0,027 ¥ = (9x10°)(5,4x10°)Q5 , _ 5,56x1(3
0,12 1,6x10-1°
Qp =5,56x107°C = 3,47x10%°
Number of electrons = 3,47 x 1010 v/
(6)
22.2.1 (Line) Absorption v/ (1)
22.2.2 Continuous spectrum of white light/rainbow of colours v" with dark/black lines v' (replacing specific
frequencies). (2)
22.2.3 Diagram B v'v/ (2)
7]
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