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NEWTON’S LAWS

QUESTION 1
1.1 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)
1.2 0 (N) /zero (newton) v/ (1)
13 4Tv A7
) Accepted labels
OR w Fq/ Fw/ weight / mg / gravitational force
T Fr/tension
15N | Fa/ Fisn/ Fapplied/ Ft/ / F
w Vv
A 4 W Y
15N v 15N
4 v 3)
1.4 2 kq block 10 kq block
Fret = ma T+ (-fk) =ma
Fa+ Fg+ (-T) =ma v T-uN =ma }\/
Fa+ mg+ (-T) =ma T - yjkmg = ma
15+ (2)(9.8)-T] v =(2)(1.2) v 32,2 - (u)(10)(9,8) v = (10)(1,2) v
T=322N Uk =0,21v (7)
1.5 Smaller than v (1)
1.6 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)
[16]
QUESTION 2
2.1 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)
2.2 fk = ukN v'= pkmg = (0,15)(3)(9.8) v = 4,41 Nv (3)
2.3 A
Nv Accepted Labels
o Fo/ Fw/force of earth on block / weight /14,7 N/
fu v’ mg /gravitational force
N Fn / Frormal/ normal force
T T | Tension/Fr
fk fiinetic friction / f / F1 / Kinetic friction
s 25NV 25 N [ Fappiied/ Fa/ F
v )
2.4.1 OPTION 1 OPTION 2
fk = ukN = px(25sin 30° + mq) fk = ukN = px(25cos 60° + mg)
= 0,15[(25sin30°) v + (1,5)(9.,8) V] = 0,15[(25c0s60°) v + (1,5)(9,8) V]
=4,08N Vv =4,08NVv (3)
2.4.2 Forthe 1,5 kg block
Fnet = ma

Fx + (-T) +(- fk) = ma

25c0830°—T —fk=1,5a
(25 c0s 30°—T)—4,08 v=1,5a
17571 -T=15a.......... (1)

For the 3 kg block veither one

T-fk=3a
T-441v =3a .......... 2)
13,161=4,5a [ a=2,925m's2 and T=13,19N v

Physics Revision Book: Answers
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Accepted labels/Aanvaarde benoemings

w

Fo/Fw/weight/mg/gravitational force
Fy/Fu/gewig/mg/gravitasiekrag

f

N

Friction/Fy/f/3 Niwrywing/F,,

Normal (force)/F,

PP nomaalF reactonireaks

AN

F |

Fa/Fapplieditoecepas

QUESTION 3
3.1.1 N
[ F
f
S
w
312 fku=uN v
3=(0,2)N v
N=15N v
3.1.3
Fret = ma
N+Fve1‘l'w=0 /Anyone
N+ Fuet=w
Fsin20° v'= (2)(9.8) — 15 v
F =13.45 Nv
3.14
Fret = ma

Fcos 200 —f= ma} v' Any one

13.45c0820° — 3 = 2av
a=482m.s2v

3.2.1  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’
3.2.2 Increases v

i

FS/2025

Gravitational force is inverely proportional to the square of the distance between the centres of the

1

objects. v’ OR FO(—2
r
QUESTION 4
41 0 N/zero v
4.2 N
fk
w

431 Fnet=ma

Accepted labels

Fq/Fw/weight/mg/gravitational force/N/19,6 N

Frriction/ Fi/friction/fx

Fn/Fnorma/normal force

Deduct 1 mark for any additional force.

Mark is given for both arrow and label

fi - mgsin® = 0 }‘/ 1 mark for any of these

fk = mgsinB

fk = (2)(9,8) sin7° v U fk=2,39 N v' (2,389) N

43.2 fc=pN

. r¥ anyone
= pkmgcos? y

2,389 = pk(2)(9,8)cos7° v U pk=0,12 v
433 Fre=ma OR -fk=ma OR pkN=ma v

- Mk(Mmg) = ma

-(0,12)(2)(9.8) v=2av 0 a=-1,176 m.s2

V2 = Vi2 + 2alAX

(-1,18)

0=(1,52+2(-1,176)Axv" [Ax =0,96 m [ Distance = 0,96 mv’

QUESTION 5

5.1.1  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'

Physics Revision Book: Answers
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51.2 N F
Accepted labels
w Fq/ Fw/weight/mg /78,4 N/gravitational force
@ F Fapp/Fa / applied force (Accept T / tension)
fi (kinetic) friction/F/f/ Fw
N Fn/Normal (force)/ 67,9 N
v (4)
5.1.3 Fret = ma
Fnet = 0 OR
F+(-f) + (-Fa) =ma  ¥Any one F-20,37v -39,2v =0V
F- (fk + Fgi) = ma F=5957NVv
F - 20,37v - (8)(9.8)sin30°v =0 v LIF = 59,57 N v/ OR
OR F ={20,37 v + (8)(9,8)sin30°v}v'
F - 20,37v- (8)(9,8)c0s60°v =0 v [IF=5957 N v (5)
5.1.4 OPTION 1 OPTION 2
Fnet = ma Fret = ma
(Fgq - fk) = ma (fk - Fgu) = 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-s2v (4)
MOTION OF BLOCK MOVING UP PLANE IMMEDIATELY AFTER FORCE IS REMOVED:
OPTION 1 OPTION 2
Downward positive Upwards positive
Fret = ma Fnet = ma v
(Fqii + f) = ma (Fgi + f) = 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=-745m-s?.. magnitudea="7,45m-s?v 4)
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
5.2.2 OPTION 1 OPTION 2
_GM F=G MM
g= 5 v 2 ,
L, r By g~ GmM Any one
6:(6,67x103 )2|v| v 2
(700x107) (667x1011)(200)M
200)6) == v +aM=4,41x102kg v 4
M = 4,41 x 1022 kg v feoo)ef (700%10°)2 9 [(21)]
QUESTION 6
6.1 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)
62 A Accepted labels
w | Fg/Fw/weight/mg/gravitational force | v
K Wil f | Friction/F¢/fk/27 N v
= = N | Normal (force)/Frormal/FN /Freaction v
T | Fr/tension v
w (4)
6.3 Object Q: Object P:
Fnet = ma v
Fret=0 } Fret = ma
T+(f) =ma Fhor= (fk +T) =mav’
T-3v =0V (Fcos 30°)-5-3=0v
T=3N F= 9,24 Nv (9,238 N) (6)
6.4 3sVv (1)
6.5 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)
7]
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QUESTION 7
7.1 The rate of change of velocity. v'v/ (2
7.2 Ay = Vit + V2 aAt2v
0,5=(0)3) + ' (a)(32) v ~a=0,11 m-s2v (3)
7.3 For the 3 kg mass:
Fret=maOR(mg—-T)/(mg+T)=mav .~ (3)(98)—-T=3)0,11) v ~T=29,07NV (3)
7.4
N Accepted labels
f T w | Fq/ Fw/ weight / mg / gravitational force | v
f | Friction/ Fi/f/27 N v
N | Normal (force) / Fnormat / Fn//Freaction v
w T | Fr/tension v
(4)
7.5 For P: OR
Fret = ma For P:
T-f=ma v Fnet = 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 8
8.1 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)
8.2 Nv/
Tv Accepted labels
fv/ N | Fn; Normal, normal force v
f_ | Fi/ fk/ frictional foree/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
wY (4)
8.3.1  The 2/8 kg block /system is accelerating. v (1)
832 For2ka: 2_k y Fret=ma .. mg+ T =ma
Fret =ma v Any one
mg -T=ma (2)(-98) + T=2(-132) v ~T=16,96 NV
(2)(9.8)=T=2(132) v ~T=1696NV (3)
8.3.3 Fret=ma
Tcos15°-f=ma |
Tx= Tcos15° any one
= 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)
8.4 ANY ONE
Normal force changes/decreases v’
The angle (between string and horizontal) changes/increases.
The vertical component of the tension changes/increases. (1)
8.5 Yes v
The frictional force (coefficient of friction) depends on the nature of the surfaces in contact. v/ (2)
[17]
QUESTION 9
9.1.1 NV,
Accepted labels
fig N | Fv/Normal/normal force v
f | Fe/f/frictional force/kinetic frictional force v
w | Fg/mg/weight;Fw/gravitational force v
Tv F | Fa/90 N/Fso v
wY’ (4)
9.1.2 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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9.1.3
Fnet = ma OR Fnet = ma
E:: B g v any one E:': . 0 v any one
Fx—f=0 Fx—f=0
Fcos 40°- f=0 Fcos 320°- f=0
90cos40°—f=0Vv 90cos 320°—f=0Vv
f=68,94 N v f=68,94 N v
3)
9.1.4 OPTION 1 OPTION 2
Vi = Vi + aAt Fret.At = Ap v/
2=0v+ad) v Fcos 40° v'- (68,94) v(3) v=15(2—-0) v
a=0,67ms? 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)
9.2 OPTION 1 OPTION 2
FogmMz , 20. m(?O)(g)\/
- r2 g _5 " Any one
v 11 mplanet (1 0) v _ GM
20" = (6,67x10 )(met_))2 9="2;
Mpianet = 1,08 x 1022 kg v/ 5 (667x10"")M
-~ (6x10°)°
M = 1,08 x 1022 kgv (4)
[18]
QUESTION 10
10.1 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)
10.2
N
T
Accept the following symbols
£ N v Fn/Normal/Normal force
Fv F+ /f /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)
10.3  For the 2 kg block:
Fret = ma
T +(- wi)+(- fi) = ma v’Any one
T—(wi+fk)=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
21,55-T=3a............ (2)
925=5a ~a=185ms2v (8)
10.4  Greater than v/

Fnet increases. v/

Physics Revision Book: Answers
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QUESTION 11
11.1 The perpendicular force exerted by a surface on an object in contact with the surface. v'v/ (2)
11.2 i
Fapphed N
f T
w
(5)
11.3 For the 20 kg: 11.4.1 Decreases v (1)
Fnet = ma
T—f— F’Zt= ma . 11.4.2 Velocity decreases v/
T—-5-35c0s40° v =0 v Accelerates/Net force to left v'v/
T=3181N OR _
As the tension decreases, the net
For force/acceleration acts in the opposite
Fret = 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 12

12.1 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)
12.2 N Acceptable labels
N | Fn/Normal/normal force v
T F_ f | Fi/f/frictional force/kinetic frictional force %
"f' 4 w | Fo/mg/weight/Fw/gravitational force v
F | Fa v
i T | Tension v (5)
12.3 8 kq 2kq
Fret = ma v OR Fret=ma v OR
Fnet = 0 OR Fnet = 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)
12.4.1 |8kg 2 kg
Fnet = ma v OR/OF Fret = ma
F-(f+T)=ma T-mg=ma
50-10-Tv=8av  T-2(98)v=2a
40-T=8a a=2,04ms2v
(5)
12.4.2 17 _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 13
A body will remain in its state of rest or motion at constant velocity unless a non-zero
resultant/net force/unbalanced force acts on it. v'v" OR
A body will remain in its state of rest or uniform motion in a straight line unless a (non-zero)
reciiltant/nat i_ynbalanced force acts on it. v'v/

13.1

FS/2025

132 N Acceptable labels
N | Fn/Normal/normal force v
fk | frictional force/kinetic frictional force v
f, w | Fo/mg/weight;Fw/gravitational force v
F | Fa/ Applied force v
T | Tension v
W 4)
13.3 Positive up the incline
Fret =ma v OR
F+ fk + 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
4)
13.4 116 N/f + w|| v Down the incline/opposite to direction of motion. v/ (2
135 Up the incline positive Whet = AEk v OR
Fret = ma vi2 = Vi + 2al\x v FretAxcos® = Yam(vi? - vi2)
-116 = 20a v 0 =(2)2 + (2)(-5,8)Ax v OR (116)Axcos180° v'= 12(20)(02 — 22) v/
a=-5,80m-=s? Ax=034m v AX=0,34m Vv (4)
[16]
QUESTION 14
141 A body will remain in its state of rest or motion at constant velocity unless a (non-zero) resultant/net
force/unbalanced force acts on it. v'v/ 2)
14.2
i N Acceptable labels
N | Fn/Normal/normal force v
f f Fi/f/frictional force/kinetic frictional v
force/300 N
w Fo/mg/weight/Fuw/Fearth on man/gravitational v
force/686 N
W T | Tension/Frension/F1/Fs v (4)
14.3 OPTION 1 OPTION 2
Fret=ma v Whet = AK v/
Tcos50° - Fr=ma TAxcos0° +fAxcos180° =0 v
Tcos50°-300v' =0v ||Tcos50°-300v =0
T=466.72N v T=466.72N v 4)
14.4  Increases v
Fnet increases / Fnet is not zero / Tx > f/ Tcos50° > f v/ (2)
14.5

OPTION 1
DOWNWARDS POSITIVE
vf = v} + 2aldy
0 = 162 + 2a(0,8) v
a=-160m-s?2

Free =ma v

F,—FE, =ma

(4)(9,8) — Fup‘/ = (4)(=160) v
E, =—679,20N

E, =67920N v

OPTION 2

UPWARDS POSITIVE

v} = v} + 2ady
0 = (=16)% + 2a(=0,8) v
a=160m-s?

Fpet =ma v

—F,+ E, =ma

-(4)(9,8) + F,,v = (4)(160) v
Fyp, = 67920 N v

Physics Revision Book: Answers
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OPTION 3
Whet = AK ¥

FrecA (9—l Z — —mv?
necAxc0SO = Zmyy — omy;

1
(4)(9.8)(08)cos0° ¥ + F,p (0,8)c0s180° ¥ = = (4)(0 — 16°)Y
Ep = 679,20 N ¥

OPTION 4
Wpe = AK + AUV

_1 2 _ 2 _h
E,pAxcos® = Zm(vf v?) + mg(h; — hy)

1
Fip(0,8)c0s180° ¥ = = (4)(0 — 16%) ¥ + (4)(9.8)(0 — 0.8) ¥
Fyp = 67920 N v

QUESTION 15

OPTION 5
v + U
Ax = <— At

8—<16+0>At
2

At=01s

FnetAt = Ap v
[®)(98) ¥ = F,](0,1) v = (9)(0 - 16) ¥
E, = 67920 NV

15.1 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.
15.2 N
Acceptable labels
w Fg/mg/weight/Fw/Fearth on p/gravitational v
force/12,25 N
f < > T T | Fv/ Fstring/T ension/Frension v
¢ Fi/f/(kinetic) friction/frictional force/kinetic v
frictional force/1,8 N
N | Fn/Normal/Fnorma/normal force v
w
15.3.1 |FOR P: RIGHT AS POSITIVE | |[FOR P: LEFT AS POSITIVE
Fpet =ma v’ Fpet =ma v’
T+f=ma T+f=ma
T+ (—1,8) v = (1,25)(0,1) v T+ (+1,8) v = (1,25)(-0,1) v
T=1925NVv T=-1925N VY
15.3.2
FOR Q: RIGHT AS POSITIVE FOR Q: LEFT AS POSITIVE
Foet = ma Foet = ma
Fcos® + T+ f =ma Fcos®+ T+ f =ma
7,5c0s0 + (—1,93) + (=2,2) v = (2)(0,1) v —7,5¢050 + (+1,93) + (+2,2) v = (2)(=0,1) v
0 = 54,74° v (Range: 54,55° — 54,78°) 0 = 54,74° v (Range: 54,55° — 54,78°)
QUESTION 16
16.1 DOWNWARDS AS POSITIVE UPWARDS AS POSITIVE
v =vi+2aly v v =vi + 2aly v
3,412v = 0% + 2a(1,5)v (—=3,41)2v = 02 + 2a(-1,5)v
a=388m-s? a=-388m-s?
~a=388m-s7?
16.2
T
Accepted symbols
B w v | Fy/Fw/weight/mg/gravitational force/Fearth onblock/ 73,5 N
TV Tension/Frension/F1/F
w

Physics Revision Book: Answers
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16.3  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)
16.4 Fpet =ma v Fper = ma
mgg —T = mpa T —mg =ma
(7,509,8) —-Tv =(7,5)(3,88) v  444—98m = 3,88m v
T =444N m=23,25kg v (5)
165 ToPTION 1
UPWARD AS POSITIVE DOWNWARD AS POSITIVE
vf = v} + 2ady v vf = v} + 2a0y v
02 = 3,41%2v +2(-9,8)Ay v 02 = (—3,41)2v 4+ 2(4+9,8)Ay v
Ay =0,59m Ay =—-0,59m
Maximum height = 0,59+ 1,5v Maximum height = 0,59+ 1,5 v
=209mv =2,09mv
OPTION 2
UPWARD AS POSITIVE DOWNWARD AS POSITIVE
vy = v; + alt vy = v; + alt
0 =3,41 + (—9,8)At 0=-3,41+ (4+9,8)At
At = 0,348 s At = 0,348 s
1 1
Ay = v;At + EaAt2 v Ay =w;At + EaAt2 v
1 1
= (3,41)(0,348)v + 3 (—9,8)(0,348%) v = (—3,41)(0,348)v + 5 (+9,8)(0,348%)v
=0,59m =-0,59m
Maximum height = 0,59 + 1,5 v/ Maximum height = 0,59 + 1,5 v
=209mv =209mv
(5)
[17]
QUESTION 17

17.1  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

in the direction of the resultant/net force. (2)
17.2
N
T Accepted labels
N Fn/Normal/Fnorma
f (kinetic) friction/F#/f«/5,88 N
w Fo/Fw/weight/mg/gravitational force/39,2 N
f T F1/Fsting/tension
w

17.3.1 | For block A

Up the incline positive

Free =ma v

T+ f+wpe =ma

T — 5,88 — (4)(9,8)(sin35°)v = (4)(2)V
T =36364NV

17.3.2 | For block B

Up the incline positive

Fpee = ma

T+f+wp +F=ma

—36,364 — 13,23 — (9)(9,8)(sin35°) + Fv = (9)(2)v 3)
T =118,18 N v

Physics Revision Book: Answers © Free State Department of Education
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17.4.1 Increase v (1)
17.4.2 As 0 decreases, the normal force increases. v/
The frictional force is directly proportional to the normal force. v ORfa N /f = pN (2)
[16]
QUESTION 18

18.1  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 in the direction of the resultant/net force. (2)
18.2 AN Accepted labels
N_’ w | Fg/40,18 N/mg/weight/gravitational force
f T | Fr/tension/Fsting
> T [ [ (kinetic) friction/f
w N | Fn/Normal/Fnomal
v F | Fapp/49 N/Fo/Fa (5)
18.3.1 Fppp = 0 fi =uNv
Fsin50°+ N +w = 0 = (0,35(2,644)
49s5in50° + N + (4,1)(—-9,8) =0V =093NV
N = 2,644 N
3)
1832 For A: Left as positive. For B: Up as positive.
Fpee =mav Fpee = ma
49¢0s50°—T — 0,93 v = 4,1a ...(1) T—-(23)(9,8) v =23a...(2)
v >
Solve for (1) and (2):
30,57 — 22,54 = 6,4a
a=125m-s7%v Range: 1,25 m:s? ~ 1,26 m-s? (5)
[15]
QUESTION 19

19.1 The force that opposes the tendency of metion of a stationary object relative/parallel to a surface. v'v' (2)
19.2

fs T Acceptable fabels
< @ > fs: static friction /f/Fs
T: F1/Fsting/tension
(2)
19.31 For hanging mass For crate
Frer = ma Fpet =ma v
mg—T=0 T—f""*=ma=0
T=(42)98) v T = "% = usN
=41,16 N 41,16 = uy(8,5)(9,8) v
us = 0,49 v (4)
19.3.2
For hanging mass Solve for (1) and (2)
Fper = ma 72,52 — 33,32 = 15,9a v
mg—T =ma a=247m-s"%v (Value of Y)
(7,4)(9,8) =T ¥ = 7,4a ...(1)
For crate \
Frer = ma
T—fi,=ma v
T — uN = ma
T — (0,4)(8,5)(9,8)v = 8,5a ...(2)

19.4 INCREASES v/; f™* a N OR f/"** a m OR f/™** a u;N OR The normal force acting on the crate
increases. OR Increase in mass/weight of crate increases the normal force. v/ (2)
[15]

Physics Revision Book: Answers © Free State Department of Education



Physitacsaskearlex1From Stanmorephysics.com
VERTICAL MOTION

QUESTION 1

1.1

1.2

1.3

1.4

1.5

An object which has been given an intial velocity v and then moves under the influence of the force

of gravity only. v/

OPTION 1
Upward positive
Vi = Vi+ aAt v

Downward positive
Vi =Vi+ aAt v’

FS/2025

()

-30 = 30V + (-9,8)At v At=6,12s Vv 30=-30v +(9,8)Atv  At=6,12s Y
OPTION 2
Upward positive Downward positive
vi =Vi+ aAt v ~ 0 =30 v + (-98)At v | vi=vi+aAtv ~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)
Upward positive
Ay = vilt + 12 aAt? } v
Ayiast= Ay(s,12) - Ay(s,12)
={30(6,12) +12 (-9,8)(6,12)? }v- {30.(5.12) +¥2 (-9,8)(5,12)?}v
=-25,076
Distance = |Ay| = 25,08 m v
Downward positive
Ay = vit + V2 a2 v
Ayiast= Ays,12) - Ay(5.12)
={-30(6,12) +'2 (9,8)(6,12)? }v"- {-30(5,12) +'2 (9,8)(5,12)3} v’
= 25,076
Distance = |Ay| = 25,08 m v (4)
Upward positive Downward positive
Ay = viAt + V2 alAt?2 v Ay= vit + 2 aAt? v
-50v'= [vi (4,12)] + [V~ (-9.8)(4.12)?] v 50v'=vi (4,12) + [2 (9.8)(4,12)2] vV
vi = 8,05 m-s’ Vi=- 8,05 ms
speed = 8,05 m's! v speed = 8,05 m's!' v
Upwarﬁl positive: Downmﬁlrd positive:
30
~ 30 =
p (75}
£ 8,05 -~ A €
Z : 3,06 6,12 > >
B time (s) % t|m(;( )
0 > -8,05
cT0 ) SR N
-30
v A\ 4
Marking criteria Marking criteria
Correct Shape of A. v Correct Shape of A. v
Correct shape of Graph B parallel to | ¥ Correct shape of Graph B parallel to |

A below A.
Time at which both A and B reach | vV
the ground (6,12 s).
Time for A to reach the maximum | v
height (3,06 s) shown.

A above A.
Time at which both A and B reach |
the ground (6,12 s).
Time for A to reach the maximum v
height (3,06 s) shown.
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QUESTION 2
2.1 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
2.2 OPTION 1: Upwards positive OPTION 1: Downwards positive
v = Vi + 2ally v v = viZ + 2ally v
= 0%+ (2)(-9,8) v (-20) v =02+ (2)(9,8) v (20) v
vi=19,80 ms! v vi=19,80 ms! v
OPTION 2: Upwards positive OPTION 2: Downwards positive
Ay = vildt + V2 alAt? Ay = vildt + V2 alAt?
-20 =0 + 2 (-9,8) At2v ; 20=0 +'2(9,8) At2v ,
At=2,02s 50 veitherone |~ 202 ©9 Veither one
v =Vi+ alt vt = vi + alt
=0+ (-9,8)(2,02) v =0+ (9,8)(2,02) v
=-19,80m-s’ [J vi=1980 m's' v =19,80 m's'! v 4)
2.3 OPTION 1: Upwards positive OPTION 1: Downwards positive
Vi=Vi+ aAt v’ Vi=Vi+ aAt v’
-1980=0+ (-98)Atv [0 At=2,02sVv 19.80=0+(98)Atv [I At=2,02s v
OPTION 2: Upwards positive: OPTION 2: Downwards positive:
Ay = vt + V2 alAt?v Ay = vilt + V2 a2y
20=0 + ¥ (-98) At2v [ At=2,02s v 20=0 + 2 (9,8) At2v I At=2,02sV (3)
2.4 Downward positive Upward positive
Time (s)
A .
"o —~ v
E »
> 24 §,
8 2
2 S
()
0 3 >
Time (s) %
Vv | Straight line through the origin.
Deduct 1 mark if axes are not labelled correctly.
(2)
[11]
QUESTION 3
3.1 The only force acting on the ball is the gravitational force. v'v/
3.2.1 OPTION 1
Upwards as positive Downwards as positive
Ay = vilit + YeaAt2v Ay = viAdt + Y2 aAt2v’
= (10)(3) + ¥2(-9,8)(3%) v =-14,10 = (-10)(3) + 2 (9,8)(3%) 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 J At=1,02s 0=-10+(9,8)AtJ At=1,02 s
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 + V2 aAt2v Ay = vildt + V2 aAt2v
= (-10)(0,96) + ¥~ (-9,8)(0,96)%v = (10)(0,96) + - (9,8)(0,96)?> v
=-14,1184 [JHeight = 14,12 m v =14,1184 [Height=14,12m v (3)
3.2.2 Upwards as positive: Downwards as positive:
vi=Vi+aAt v =(10) + (-9,8)(3) v =-19,41 vi=Vi+ aAt v = (-10) + (9,8)(3) v = 19,41
Speed = 19,41 m's' v Speed = 19,41 m's' v
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3.2.3 Upwards as positive: Downwards as positive:
vi= V2 + 2ally v/ vi= V2 + 2ally v/
0 =vif+ (2)(-9,8)(8) v Ovi= 12,52 m-s™! 0 =vif+ (2)(9,8)(-8) vi=-12,52
Speed = 12,52 m-s' v Speed = 12,52 m-s' v (3)
3.3 Upwards as positive Downwar‘ds as positive
) O 19,41
£ £
20 > = 0 t(s):
S t(s) 8
o ko)
g >
-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. v [15]
QUESTION 4
4.1 (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)
4.2 No v The balloon is not accelerating./The balloon-is'maving with constant velocity./The net force
acting on the balloon is zero.v/ 2)
4.3 OPTION 1  Upward positive: Downward positive:
Ay = vidt + Y2 aAt2v’ Ay = viAt + V2 aAt2v’
22V = (-12) At + V2 (-9,8)At2 v [IAt =2s v | 22v = (1.2) At + 2 (9,8)AP v [At=2sV
OPTION 2
Upward positive: Downward positive:
Vf2 :Vi2 +2aAY\ vf2 :Vi2 +23AY\
v'Both v'Both
vi? =(-12° +(2)(98)L Ve =127 +(2@8
vt = -20,8 m-s’! vt = 20,8 m-s™
vi = Vi + alit vt = Vi + alit
-208=-12+-98Atv J At=2g v 208=12+98Atv [JAt=2sVv (4)
4.4 Upward positive: Downward Positive:
vi=Vvi+aAt v 0=15+ (-9,8)At v vi=vi+aAtv [ 0=-15+(9,8)At v
UAt=1,53s UAt=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 + V2 aAt? = -(1,2)(3,83) v=-4,6 m Ay = vit + V2 alAt? = (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=Yyi+Ay =[22 - (1,2)(3,83)] vv =174 m yi=Yi+Ay =[-22 + (1,2)(3,83)] vV =-17,4m (6)
[] Height =17,4 mv’ [l Height =174 m v [14]
QUESTION 5
5.1 OPTION 1
Upwards positive: Downwards positive:
vi=vi+altv U 0= (12) + (-9,8)(At) v vt =vi+alAtv 00 = (-12) + (9,8)(At) v/
UAt=1,22sv O At=1,22sv
OPTION 2
Upwards positive: Downwards positive:
vf2 :vi2 +2al\y vf2 :vi2 +2al\y
0=122+2(-9,8)Ayv U Ay = 7,35 0=(-12)? + 2(9,8)Ayv [0 Ay =-7,35
Ay = vildt + V2 aAt?v Ay = vilt + V2 aAt2v
7,35 =12At + 12 (-9,8)A [0 At=1,22sv -7,35 = -12At + 2 (9,8) A2 U At=1,22 sV (3)
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5.2 OPTION 1
Upwards positive: Downwards positive:
vi=Vi+alAtv -3v=-vv +(-98)(1,22) v vi=Vvi+aAtv O3v=vv +(9,8)(1,22) v
v=598m-s'v (59781t06,03ms") v=598m=s'v (59781t06,03 ms')
OPTION 2
Upwards positive: Downwards positive:
FretAt = m(vi- vi) v/ FretAt = m(vi- vi) v/
mgAt = m(vs — vi) mgAt = m(vi — vi)
(-9,8)(1,2245) v = -3v — (-v) vV (9,8)(1,2245) v = 3v - vv
[lv=6,00m-s'v v=6,00ms'v 4)
5.3 OPTION 1
Upwards positive: Downwards positive:
Ay = vilit + Y2aAt2v Ay = vilit + YeaAt2v
=(-5,98)(2,44) + ¥2(-9,8)(2,44) v = - 43,764 = (5,98)(2,44) + 12(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 + alt vi= Vi + alt
vi=-598 + (-9,8)(2,44) = - 29,892 m-s"! vi=5,98 + 9,8(2,44) =29,892 m-s
vf2 =vi2 +2al\y v vf2 =vi2 +2al\y v
(-29.,892)% = (- 5,98)2 + 2(-9,8)Ay v (29,892)2 = (5,98)2 + 2(9,8)Ay v
Ay =-43,763 m Ay =43,76 m
. 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 + a/At For A: vi=vi+aAt [112 =-12 + (9,8)At
-12=12+(-9,8)At 0 At=245s JAt=2,45s
For B: Ax = vilAt + V2 aAAt? v/ For B: Ax = viAAt + 2 alAt? v/
= (-5,98)(2,45) + > (-9.8)(2,45)2 v = (5,98)(2,45) + 2 (9,8)(2.45)*> v
=-4406m [Dh= 4406 m v =44,06 m [Jh= 44,06 m v (3)
5.4 Upwards as positive Downwards as positive
A ‘r
P A o B
£ £
g 5.9 Z 598
° o
> 2 22 fime (s)
A
v v
Criteria for graph
Time 1,22 s shown correctly 4
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 | ¥ [14]
QUESTION 6
6.1 10m-s'v (1
6.2 The gradient represents the acceleration due to gravity (g) v which is constant for free fall. v/ (1)
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6.3 OPTION 1
Ay = vt + V2 aAt2 v Ay = vt + ¥ aAtev
=(10)(2) + % (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/OPSIE 3
AI=(‘,E+UE)AI' ’ vf=vi2+2aﬁx 7
3 (29,6)* = (10)% + 2(9,8)alx
WL (10 =¥ 29,6) @) _
= _2 v Ax=396m ,
Ax=396m o (3)
6.4 OPTION 1 OPTION 2
Vi = v, + ahtv’ V=V, + altv
0 =-25+(9,8)(At) v 0 =25+ (-9,8)( At) ¥
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)
651 02sV (1)
652 4,955s vV (2)
6.53 -27m-ss'V (1)
6.6 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 7
71 Motion under the influence of gravity/weight/gravitational force only. v'v/ (2)
7.2 OPTION 1
UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
Ay = vilt + 2 alAt2v = (0)(1) + 2 (-9,8)(12) v Ay = viAt + 2 aAt2v = (0)(1) + 12 (9,8)(12) v
=-49m =49 m
Height = 2Ay = (2)(4,9) Height = 2Ay = (2)(4,9)
=98mv =98mv
OPTION 2
UPWARD POSITIVE DOWNWARD POSITIVE
vi=Vi+alAt =0+ (-9,8)(1) =-9,8 m-s™! Vi=Vi+alAt =0 + (9,8)(1) = 9,8 m-s
v = viZ + 2alyv v = viZ + 2allyv
(-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 = 2y = (2)(4,9)
=9,8mv =9,8mv (3)
7.3 UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
v = viZ + 2alyv v = viZ + 2allyv
=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 = ViZ + 2alyv’ vid = V2 + 2alyv’
= (-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)
7.4 UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
v = viZ + 2ally v v = viZ + 2allyv
0=ve+(2)(-9,8)(4,9) v vi= 9,8 m-s’ 0=vie+(2)(9,8)(-4,9) v Ovi=-9,8 m's"’
Fredt = mAv }\/ 1 mark for any Freidt = mAv }\/ 1 mark for any
FrelAt = m (vi — vi) FrelAt = 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=47,32N v Fret = -47,32 N O Fnet = 47,32 N v/ [14]
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QUESTION 8
8.1 Downwards v/
The only force acting on the object is the gravitational force/weight which acts downwards.v'
8.2 OPTION 1
Upward positive Downward positive
Vi=Vi+aAt v vi=Vi+ alt v
0=75+(-9,8)At v 0=-75+(9,8)At v
At=0,77s Vv At=0,77s v
OPTION 2
Upward positive Downward positive
FretAt = m(Vf - Vi) v FretAt = m(Vf - Vi) v
mgAt = m(vs — vi) mgAt = m(vs — vi)
(-98)At=0-75"V (9.8)At=0—(-7,5) v
- At=0,76531s (0,77 s) v ~ At=0,76531s (0,77 s) v
8.3 OPTION 1
Upward positive - At highest point vi =0 Downward positive - At highest point vi = 0
v, =v}?+2ahy v v, =v?+2any v
0v =(752+(2)(-9,8)Ay v 0v' = (-7,5)% + (2)(9,8)Ayv
Ay = 2,87 (2,869) mv’ Ay = - 2,87 (-2,869) mv’
It is higher than height needed to reach point T It is higher than height needed to reach point
(2,1 m) v therefore ball will pass point T, v/ T (2,1 m) v therefore ball will pass point T, v/
OPTION 2
Upward positive Downward positive
Ay = vildt + 2 aAt2v Ay = vildt + 2 aAt?v
Ay = (7,5)(0,77) v + 12 (-9,8)(0,77)?v Ay = (-7,5)(0,77) v + 2 (9,8)(0,77)%>v
Ay =2,87 m (2,86 m)v’ Ay = -2,87 m (2,869 m)v’
It is higher than height needed to reach point T Itis higher than height needed to reach point
(2,1 m) v therefore ball will pass point T. v T (2,1 m) v therefore ball will pass point T. v/
8.4 .
1 0 0,77 g
& ts)
"_r_n =
£ “
> 5
>
-7,5
0 0,77 t(s) il
Marking criteria
Initial velocity and time for final velocity shown. v/
Correct straight line (including orientation) drawn. v/
QUESTION 9
9.1 (Motion during which) the only force acting is the force of gravity. v'v/
9.2.1 OPTION 1/ OPTION 2
UPWARDS AS POSITIVE: Fret = ma
vi = Vi +at v’ = 9,8 (m)
0 =vi+(-9,8) (1,563) v Fret At = mAvY

Ovi=14,99 m's' (15 m's?) v
DOWNWARDS AS POSITIVE:

vi = Vi +alt v’

0=vi+(9,8) (1,53) v

0 vi=-1499 m-s' Ovi= 14,99 m-s' (15
m-s) v

(9.8)(m)(1,53) = (m)(vi=0) v
vi=14,99 m-s' (15 m-s’) v
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9.2.2 OPTION 1/
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Ay = Vit + VeaAt2 v Ay = vildt + Va2 v
=14,99 (1,53) + V2 (- 9,8)(1,563)2v =-14,99 (1,53) + 2 (9,8)(1,53)2 v
= 11,47 mv'(11,46-11,48) =-11,47m (11,46-11,48)
Maximum height is 11,47 m Maximum height is 11,47 m v
OPTION 2
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
v = Vi? + 2ally v’ v = viZ + 2ally v
0=1(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/
9.3 OPTION 1
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Ay = vildt + VealAt? v Ay = vildt + YeaAt? v
=(14,99) (4) + Y2 (- 9,8)(4)>v =-18,4 m =(-14,99) (4) + 12 (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:
vt = vi +alt = (14,99) + (-9,8) (4) = - 24,2 m-s™ vt = vi +alt = (-14,99) + (9,8) (4) = 24,2 m-s""
viZ = ViZ + 2alyv’ v = V2 + 2alyv’
(-24,2)2 = (14,99)? + 2(-9,8)(Ay)v (24,2)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/
9.4 No v
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.
QUESTION 10
10.1 (Motion during which) the only force acting is the force of gravity. v'v/
10.2 OPTION 1/
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
viZ= Vi + 2aly v’ V= viZ + 2aly v’
0=(102+ (2)(- 9.8)Ay v 0=(-10)2+ (2)(9.8)Ay v
Ay =510m (5,102) Ay =-510m (5,102)
Height = @‘5,10 v Height = &\st,m v
=4510m v =4510m Vv
OPTION 2
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Ay = vildt + 12 aAt? Ay = vilit + 12 aAf?
0 = (10) At + ¥2(-9,8)At? 0 = (-10) At + 12(9,8)At?
At=2,04s At=2,04s
Ay = vildt + 2 aAt2v Ay = vilit + 12 aAt?v
= (10)(1,02) +¥2 (-9,8)(1,02)3v = (-10)(1,02) + 2 (9,8)(1,02)2v
=5,103 =-5,103
~ ~
Height =40 + 5,10 v’ Height =40 + 5,10 v
=4510m v =4510m v
10.3 9,8 m-s2v downwards v’
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10.4 OPTION 1/
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Displacement from roof to meeting point | Displacement from roof to meeting point
=-40+29,74=-10,26 m v =40-29,74=10,26 m v
Stone A Stone A
Aya = vilAt + YealAt? v Aya = vilt + V2alAt2 v
-10,26 = 10At + 12(-9,8)At2 v/ 10,26 = -10At + 2(9,8)At? v/
At=2,79s At=2,79s
Stone B Stone B
Ay = Vit + YeaAt? Ays = Vit + Y2aAt?
-10,26 = 0 + 12(-9,8)At? v/ 10,26 = 0 + 12(9,8)At? v/
At=1,45s (1,447 s) At=1,455s (1,447 s)
Xx=279-145v =134 (s) v Xx=2,79-1,45v =134 (s) v
OPTION 2
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Displacement from roof to meeting point Displacement from roof to meeting point
=-40+29,74=-10,26 m v =40-29,74=10,26 m v
Displacement of ball A from max height to | Displacement of ball A from max height to
meeting point = -15,36 m meeting point = 15,36 m
Stone A Stone A
vi = Vi + aAt vi = Vi + alt
0 =10 +(-9,8)At 0=-10+ (9,8)At
At=1,02s At=1,02s
Aya = Vit + Y2alAt2 v Aya = Vit + 2aAt2 v
-15,36 = 0 + 12(-9,8)At? v/ 15,36 = 0 + 12(9,8)At? v/
At=1,77s At=177s
Atot =1,77 + 1,02 = 2,79s Atiot = 1,77 + 1,02 = 2,79s
StoneB StoneB
Ays = Vit + V2aAt? Ayg = vit + Y2aA?
-10,26 = 0 + ¥2(-9,8)At2 v/ 10,26 = 0 + 12(9,8)At2 v/
At =1,455 (1,447 s) At= 1,455 (1,447 s)
Xx=2,79-1,45v =134 (s) v X=2,79-145v =134 (s) v (6)
10.5.1 dV (1)
10.5.2 av (1)
10.5.3 v (1)
1054 ¢cv (1)
[18]
QUESTION 11
11.1 (Motion of an object) under the influence of gravity (weight) only. v'v/ (2)
11.21 At=0,67-0,64=0,03s vV (2)
11.2.2 OPTION 1 OPTION 2
At = 1,90 - 0,67 v Ax = vilt + V2 aAt?
- 2 (-1,8) =0 + 12 (-9,8)At2 v
=0,62s v (0,6155) At=0,61 s v (0,606 s)
OPTION 3 OPTION 4
1,90 + 0,67 vi2 = V2 + 2alAx
At =————=1285s 0= v + 2(-9,8)(1,8)
At=1,285-0,67 v Vi=594 m-s
=0,62s v (0,615s)
vi = vi+ alt
0=5,94+ (-9,8)At v
At=0,61sY
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11.23 OPTION 1

Upwards positive

Vi=Vi+alAt v

0 =vi+(-9,8)(0,62) v
Vi=6,08 m-s' (6,076 m-s') v

OPTION 2

Upwards positive

Ay = vildt + 2 aAt?v

1,8 = vi (0,62) + ¥2 (-9,8) (0,62)2 v
vi=594m-s'(5,9412m-s’) v

Downwards positive

Downwards positive

Motion from top to bottom
Downwards positive

vf = v} +2ady v

v =0+ 2(9,8)(1,8) v
vi=5,94 m-s!v

initial velocity =5,94 m-s-

Upwards positive

vf = v} +2ady v

v =0+ 2(-9,8)(-1.8) v
vi=594 m-s!v

initial velocity =5,94 m-s-!

Motion from bottom to top

Downwards positive

vf = v} +2ady v
0%2=vi +2(9,8)(-1.8) v
vi=594m-stv

Upwards positive

vf = v} +2ady v
0=vi2+2(-9,8)(1,8) v
vVi=594 m-stv

Vi=Vi+alAt v Ay = vildt + 2 aAAt? v

0 =vi+(9,8)(0,62) v 1,8 =vi(0,62) + 2 (9,8) (0,62)2v
Vi = -6,08 vi=-5,94

~Vi=6,08 m-s' (6,076 m-s!) v Vi =594 m-s'(59412 m-s!) v
OPTION 3 OPTION 4

Upwards positive

Ay = Vit + Y2 aAt? v/

0 =vi(1,23) + ¥4 (-9,8)(1,23)2 v
vi=6,03m-stv

Downwards positive

Ay = vt + 2 a2 v

0 =vi(1,23) + 12 (9,8)(1,23)> v
vi=-6,03 m-s”

speed = 6,03 m-s1v

OPTION 5
T
Ay=<Vf2v)A”

0+ v
18 = ( - ) (0,62) v
v, =58lm-s7tv

FretAt = mAv

FretAt = m(Vf -V
m(9.8)(0,62) = m(0 —vi) v
Vi=594m-s!Vv

OPTION 6
}/
)

OPTION 7

(Ep + Ek)floor = (Ep + Ek)top 4

(mgh + %2 mv®)ficor = (Mgh + Y2 Mmv2)iep
0+%Vv2=(98)(18)+0v
v=594m-s!v
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11.2.4

Calculate initial velocity:

Calculate time At

OPTION 1
Downwards positive
vf = v} + 2ady v
0=v2+298)(-12) v
Vi=-4,85m-s!

Upwards positive

vf = v} + 2ady v

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

v

\ 4

OPTION 2

(Emech)mp = (Emech)bot } \/Any one/
(Ep +Ek)top = (Ep +Ek)Bot

(mgh + 2mv2)iop = (Mgh + Y2amv?)got
(9,8)(1.2) +0 =0+ (P&)v2 v

vi= 4,85 m-s*! upwards

\ 4

OPTION 3

Woo= AE, + AEy } vAny one/
0 = (0 — mgh) + Yam(v# - vi)

0=-(9.8)(1.2) + Vvi2v
vi= 4,85 m-s upwards

\ 4

OPTION 4

Whet = AE« v'Any one/
wAxcos180° = Yam((ve - vi?)

(9,8)(1,2)cos180° = Yavi2 v/
Vi=-4,85m-s

\ 4

\ 4

v

Upwards positive

Ay = vildt + 2 aAt?v

1,2 = (4,85)At + 15(-9,8)At2 v

At=0,4898s/0,5s

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

OR

Ay = vilt + 2 aAt2 v

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

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

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

Downwards positive

Ay = viAt + YeaAt2v’

1,2 = (-4,85)At + 12(9,8)A2 v/

At=0,4898s/0,5s

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

OR

Ay = vildt + YeaAt? v

0 = (4,85)At + ¥2(9.8)At2 v

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

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

OR

Vi= Vi + alt v’

-4,85 = 4,85 + (-9,8)At v’

At =0,9898 s

At =1,97 + 0,9898 v

=2,96s Vv
OR
Upwards positive

Vi=Vi+ aAtv

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

At=0,4949 s

At =1,97 + (2)(0,4949) v’
=2,96s Vv

OR

v; + v
Ay:(lzf)“/
0+ 4,85
1’2=( 2 )At‘/

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

Downwards positive

Ay = viAt + 2 aAt2 v

1.2 v=0 + 2(9,8) AtV

At=0,49s

t=1,97 + v 2(0,49) v
=2,96s v

Upwards positive

Ay = Vit + 2 aAt2 v

-1.2 v'= 0 + 5(-9,8) AtV

At=0,49s

t=1,97 + v 2(0,49) v
=2,96s v

QUESTION 12

12.1
12.2
12.3
12.4.1

12.4.2

12.5

Weight / gravitational force v/
9,8 m-s2 v downward v’

3m

UPWARDS AS POSITIVE
vi=Vi+alt v
0=vi+(-9,8)(1,02) v
vi=10 m-s? v (9,996)

UPWARDS AS POSITIVE
v = V2 + 2ally v
02 = 102 + 2(-9,8)Ay v/
Ay = -5,1 m (-5,102)
h =51+3V7
-8,1mv (8,102

UPWARDS AS POSITIVE
Vi=Vi+ aAt v’
0=vi+(-9,8)(1,1) v W,.=AE, + AE, v
vi=10,78 m's1 ey
=0+ 5(0,06)(10,782\/ —12,60%)v
v = vi2 + 2ally =— v
= (-10)2 + 2(-9,8)(-3) -
vi =12,60 m's!

QUESTION 13

13.1

13.2.1

Physics Revision Book: Answers

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-s2/ is zero.

. It has constant velocity / no acceleration.

OPTION 1 OPTION 2

UPWARDS AS POSITIVE UPWARDS AS NEGATIVE
vf = v} + 2ady ¥ vf = v} + 2ady ¥
(—62,68)? = v? + 2(=9,8)(~200) v 62,682 = v? + 2(9,8)(200) v
v;=296m-s7?! v, =-296m-s!

Speed = 296m-s™1v Speed = 296m-s™1v

FS/2025
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13.2.2

13.2.3

OPTION 3
Whee = AE, ¥

1 2 _ 2
FpeiAycosd = Em(vf —v{)

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

v;=296m-s7!

Speed = 296m-s71v

OPTION 1

UPWARDS AS POSITIVE
vy =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 YV

OPTION 3
UPWARDS AS POSITIVE

1
Ay = v;At + EaAt2 v

1
~200 = 2,964t + = (~9,8)At? ¥
At =6,70s vV

OPTION 4
DOWNWARDS AS POSITIVE

1
Ay = v;At + EaAt2 v

1
200 = ~2,964t + 5 (9,8)At? v
At =6,70s vV

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; + Uf) At v
~2,96 + (+62,68)
2

Ay =

200=<
At =6,70s v

)At\/

UPWARDS AS POSITIVE

Stone B
1
Ay = v;At + EMZ 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)v +0
=503m
Distance = 5,03 m

Distance between balloon and B = 9,13+5,03 v = 14,16 m v
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138.3
UPWARDS POSITIVE DOWNWARDS POSITIVE
A A
Balloon/ =
— ballon £ 0 >
E 2 Time/Tyd (s)
Q 8]
) @
¥ <
< =
= el
=] B
3 s
o
Balloon/
Ballon
0 Timeltyd (s) v (4)
[18]
QUESTION 14
14.1  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)
14.2.1
OPTION 1 OPTION 2
UPWARDS POSITIVE DOWNWARDS POSITIVE
vp =v; +aldt v vp =v; +aldt v
0=15+(-9,8)At v 0=-15+(9,8)At v
At =1,53sV At =1,53sV
OPTION 3
UPWARDS POSITIVE
14 + 17f
Ay=( )At‘/ vf = v} + 2aldy
(1540 0 = 152 + 2(—9,8)(7,5At) v/
AY—( )At At =153sv
Ay = 7,5At
OPTION 4
E., (top) = En (30 m) ) UPWARDS POSITIVE
1
m, h+—mv2) =<m h+—mv2) =y, ZaAt: v
( g 2 vop g 2 som Ay = v;At + 2aAt1
1
m(9,8)h+0 =10+ Em(152) 11,48 = (15)At + 7 (—9,8)At2 v
1 At=1,53sV
(O8)h =5 (15%) °
h=11,48
i (3)
14.2.2 | OPTION 1 OPTION 2
UPWARD POSITIVE UPWARD POSITIVE
1 vZ =v? 4+ 2ahy v
= . —_ 2 ‘/ f L
Ay = vt +7alt ) 0 = 152 + 2(=9,8)Ay v
= (15)(1,53) + = (-9,8)(1,532) v ||Ay =11,48m
(15)(1,53) + 5 (=98)( ) Height = 11,48 + 30 v/
=11,48m =4148mv
Height = 11,48 4+ 30 v
=4148m Vv
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14.3 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 = vAt + EaAt2 v Ayp = v;At + EaAt2
1 1
= (15)At + 3 (-9,8)At? v = (40)(At — 0,5v) + 5 (—9,8)(At — 0,5)%v
= —4,9At? + 15At = —4,9At? + 44,9At — 21,225

Ayc + 30 = Ay,
—4,9At? + 15At + 30 = —4,9At? + 449At — 21,225 vV

At=171sV
(6)
14.4 %
- UPWARDS POSITIVE —~ | DOWNWARDS POSITIVE
7] ) !
. 40 ----- > 1}
- . £ 05 1,53 _—1 )
L I " — t T -
3 : =anoa) ® / 1,71 Time/
. ; ; L e T C(disciskyf) i Tyd(s)
® ' : P ! :
% = : % | :
> E ! = | B (balllbal) !
"5 (] ] B [14] ] :
. - S -40t----- :
= 0,5 1,63 1,71 Time/
L Tyd(s)
v ; (5)
[20]
QUESTION 15
15.1 Motion in which the only force acting (on an object) is gravity/weight/gravitational force. v'v/ (2)
15.2.1
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
vy =v; +alt v v =v; +aldt v _ 1 2y
0 =12+ (=9,8)At v —12 =12 + (=9,8)At v Ay = vt +7alt
At =122V At = 2,449 s 0=12At+1(_98)mz,
A —+C Aty, = 1,225V 20
DOWNWARD AS POSITIVE At = 2,449 s
v =v; +aldt v DOWNWARD AS POSITIVE ||Atw = 1225 Y
0=-12+ (4+9,8)At vV vy =v; +aldt v
At=122sv 12 = —12 + (+9,8)At v DOWNWARD Al\s POSITIVE
At = 2,449 s Ay =v;At + = aAt? v
Aty, = 1,225V 2
0 = —12At + = (4+9,8)At?2 v
= e 2
At = 2,449 s
Aty, =122sv
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15.2.2
B OPTION1: Ato G
UPWARD AS POSITIVE DOWNWARD AS POSITIVE
vf = v} + 2ady v v} = v} + 2ady v
=122 + 2(=9,8)(=25) v = (~12)% + 2(+9,8)(+25) v
vy =—25179m-s7? v =25179m-s7!
A L clvr=25179m- s7'v;downwards v' v, = 25179 m- s~ v;downwards v
OPTION2:Ato G
o+
UPWARD ASlPOSITIVE Ay = (vL vf) At v
Ay = v;At + = aAt? 124 vy
2 _25= ( )(3,793) v
de —25 =12At + E(—g,S)AtZ Uf — —25,182 m- S—l
At = 3,793 s vy = 25,182 m-s~! v;downwards v
(4)
15.2.3
o OPTION 1: UPWARD AS POSITIVE || OPTION 2: DOWNWARD AS POSITIVE
AtoD AtoD
vF = 07 + 2089100 v} = v + 2009100
vp = 12% 4+ 2(—=9,8)(=25 + 1,9) v vp = (=12)% + 2(+9,8)(+25 — 1,9) v
A CT vi=—2443m s7! ve=+2443m st
DtoG DtoG
D+ vy = v; + adt v vp =v; + alt v
—25,18 = —24,43 + (—9,8)At v 25,18 = 24,43 + (+9,8)At v
AtDtUG:0'08S‘/ AtDtUG=0'08S\/
G—-.
OPTION 3: UPWARD AS POSITIVE OPTION 4: DOWNWARD POSITIVE
Ato G AtoG
v = v; + abtgrouna Vr = V; + albtgroung
—2518 =12+ (—9,8)Atng\ 25,18 = —12 + (+9,8)Mgrouna ¥ |
ﬁti’“"gd =379s y ﬁti,mgd =3,79s ,
(o] (o]
1 2 / 1 2 /
Ay = v;At + EaAtdoor Ay =v;At + EaAtdwr
1 1
(=254 1,9) = 12At + > (=9,8)AtZ,0r v | |(+25=1,9) = —12At + 5(9,8)At§oor v
Atgeor = 3,72 Atgeer = 3,72's
Dto G DtoG
Ataoor—grouna = 3,79 — 3,72 Atgoor—grouna = 3,79 — 3,72
=007sY =0,07sVv
15.3 @
5. A
UPWARDS AS POSITIVE 25 18 ' DOWNWARDS AS POSITIVE
12 o
E \ 1,22 _ E
B i ko)
2 Time/Tyd (s) E, - >
g T / ' Time/Tyd (s)
9 G -12
= >
O =
Qo
e 5
= >
v (3)
[16]
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QUESTION 16

16.1 Motion under the influence of gravity/weight/gravitational force only. v'v OR
Motion in which the only force acting is gravity. (2)

16.21 | 5pTION 1
UPWARD AS POSITIVE

1
Ay = v;At + EaAt2 v

DOWNWARD AS POSITIVE
1
Ay = v;At + —aAt? v

UPWARD AS POSITIVE
vf = v} + 2aldy

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

vp =v; +alt v
—17,26 = 0 + (—9,8)At vV
At =1,76sV

2
1 1
=15,2 = (0)At + 2 (—9,8)At? v 15,2 = (0)At + 5 (+9,8)At? v/
At=1,76sY At=176sVY
OPTION 2

DOWNWARD AS POSITIVE
v} = v} + 2aldy

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

vp =v; +alt v
17,26 = 0 + (+9,8)At v
At =1,76sV

OPTION 3

E‘mech(top) = Emecn (bottom)

(Ep + Ek)top = (Ep T Ek)bottom
1

vy =1726m-s7!

1
(mgh+—mv2) = <mgh+—mv2
2 top 2

1
(m)(9,8)(15,2) +0 =0+ Emv}

UPWARD AS POSITIVE

vp =v; +alt v
—17,26 = 0 + (—9,8)At vV

At =1,76sV

OR
DOWNWARD AS POSITIVE
Ve =v; +alt v
» 17,26 = 0 + (+9,8)At vV

At =1,76s v

16.2.2 | opTION 1
UPWARD AS POSITIVE

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

1
—3,2 = (0)At, + E(—9,8)At,§ v

Aty =0,81s
At for B:
~Atg =1,76 —0,81v =0,95s

/'

1 2
AyB = ViAtB + EaAtB

1
0= v,(0,95) +5 (=9,8)(095%)¥

v, =4,66m-s7!
& Magnitude of vi = 4,66 m-s™1v

OPTION 2
DOWNWARD AS POSITIVE

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

1
3,2 = 0At, + > (+9,8)At3 v

Aty = 0,81s
At for B:
~Atg =1,76 —0,81v =0,95s

1
Ayg = viAtg + EaAté

1
0= v,(095) +5 (+9,8)(095)¥

v, =—466m-s!
& Magnitude of v; = 4,66 m-s™1v
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16.3
* UPWARDS AS POSITIVE * DOWNWARDS AS POSITIVE
15,2 Marking criteria
? 1,76
A -~ 0 0.81 - - + Initial position of ball
E E Time (s) A=152mandB=0m. v
£ = B » Starting time for A=0s and
b= = B=0,81s.v
é B 3 » Both balls strike the ground
o att=1,76s. v
0 Y » > A « Shape of graph for ball A. v/
’ 1,76 Time (s) -15,2 »  Shape of graph for ball B. v/
v v (5)
[15]
QUESTION 17
17.1 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)
17.2
UPWARDS AS POSITIVE: A-B DOWNWARDS AS POSITIVE: A-B
vf = v} + 2ady v vf = v} + 2ady ¥
02 = v? + 2(—9,8)(5,89) v 0 =v? + 2(+9,8)(—5,89) v
v; = +10,744m st v; =—10,744m-s™?
Speed = 10,744m-s™1 v Speed = 10,744m-s™1 v
3)
17.3.1 |OPTION 1
UPWARDS AS POSITIVE: A-G UPWARDS AS POSITIVE: B-G
v} = v} + 2ady v vf = v} + 2a0y v
vf =10,744* + 2(-9,8)(-153) v OR v} =0%+2(-98)(-21,19) v
= 415,3135 = 415,324
vy =-20379m-s™" vy =-20379m-s™*
OR OR
UPWARDS AS POSITIVE: A-G UPWARDS AS POSITIVE: C-G
1 v? = v? + 2aly v
Ay = v At + - aAt? v r
y=naTa . OR 2 = (—10,744)% + 2(~9,8)(—15,3) ¥
—15,3 = (10,744)At + E(_9’8)At2 v = 415,3135 .
At=318s vy = —20,379m-s
v = vi +alt | DURING COLLISION !
=-2042m-s"! | KT |
IAEk =§mv13 —Emvl2 i
Energy equations may also be used 1 1 5 ,
to calculate the strike speed at the i - 5(0'5)(11'92 )= 5(0'5)(20’379 )Y |
ground. ’ =68,31]V !
_________________________________________________________ |
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OPTION 2

DOWNWARDS AS POSITIVE: A-G DOWNWARDS AS POSITIVE: B-G

vf = v} + 2a0y v vf = v} + 200y v

vf = (=10,744)* + 2(+9,8)(+15,3) v OR vf = 0%+ 2(+9,8)(+21,19) v
=415,3135 = 415,324

vy =20,379m-s7! vy =20,379m-s7!

OR
DOWNWARDS AS POSITIVE: A-G
1
Ay = v;At + EaAt2 v

OR

DOWNWARDS AS POSITIVE: C-G
vf = v} + 2ady v
OR v} = (+10,744)% + 2(+9,8)(+15,3) v
= 415,3135
vy =20,379m st

1
+15,3 = (—10,744)At + §(+9’8)At2 v

At=3,18s
ve=v+alt ‘
= —10,744 + (+9,8)(3,18) {DURING COLLISION g
=2042m-s! |AE), = Eyp — Epg v |
! 1 , 1 5 !
LAE), = -mvf — s my; |
. 2 2 |
Energy equations may also be used | 1 1 |
to calculate the strike speed at the L =5005011,92%) -=(0,5)(20,379%) V|
ground. ; =6831] v é
R ’ (5)
17.3.2 | UpPWARDS AS POSITIVE: G-D DOWNWARDS AS POSITIVE: G-D
vp =v; +alt v vy =v; +aldt v
0=11,92+ (—=9,8)At v 0=-11,92 4 (+9,8)At v
At =1,22sV At =1,22sY
(3)
17.41 11,92 (m's™") v (1)
17.4.2 10,74 (m's™") v (1)
17.43 1,22(s) v (1)
[16]
QUESTION 18
18.1 Motion during which the only force acting is gravitational force. (2 or 0)
OR
Motion under the influence of gravitational force only. v'v' (2 or 0) (2)
182 NoVv (1)
1831 OPTION 1
DOWN AS POSITIVE UP AS POSITIVE
1 1
Ay = v;At + EaAt2 v Ay = v;At + EaAt2 v
1 1
15 = 3,4At + E(9,8)At2 v —15 = —3,4At + E(—9,8)At2 v
At=144sVv At=144sVv
OPTION 2
DOWN AS POSITIVE UP AS POSITIVE
v} = v} + 2ady v} = v} + 2aldy
= 3,42 +2(9,8)(15) = (-3,4)? + 2(-9,8)(—15)
vy =1748m-s7! vy =-17,48m-s7"
vp =v; +alt v vp =v; +alt v
17,48 = 3,4+ 9,8At v —-17,48 = —=3,4 + (—9,8)At v
At=144sv At=144sV (3)
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(4)
[14]

18.3.2 | pOWN AS POSITIVE UP AS POSITIVE
1 1
Ay = vAt + EaAt2 v Ay = vAt + EaAt2 4
1 1
=(34)(144) + 5(0)(1,44)2 v =(=34149) + > (0)(1,44)* v
=4,896m =—4,896m
Height = 15 — 4,896 v/ Height = 15 — 4,896 v/
=10,10m v =10,10m v
184 TOPTION 1
UP AS POSITIVE DOWN AS POSITIVE
vp =v; +aldt v vy =v; +aldt v
0=72+(-98)At v 0=-7,2+(498)At v
At = 0,735 s At = 0,735 s
t; =1,44+0,2+4 0,735 v t; =1,44+ 0,240,735 v
=2,38sV =238sV
OPTION 2
UP AS POSITIVE DOWN AS POSITIVE
v} = v} + 2aldy v} = v} + 2ady
0 =722 +2(—9,8)Ay 0 = (=7,2)% + 2(+9,8)Ay
Ay = 2,645 s Ay = —2,645s
P+ : +
Ayz(v Uf)At\/ Ay=<v2vf>At\/
7240 -72+0
2,645 = ( )At v —2,645 = (T) AtV
At = 0,735 At = 0,735
t; = As option 1 v'v/ t; = As option 1 vV
QUESTION 19
19.1.1 OPTION 1: Down positive
Ball A Solve for (1) and (2):
1 1 1
Ay = v At + EaAtz v —12t+ 3 (98)t* =54(t—2) + 3 98)(t—2)*v
= —12t+2(9.8)t2 v ...(1) t=4sv
Ball B
1
Ay = v;At + EaAt2
= 5,4(t— 2) +§(9,8)(t -2)2v ..(2)
OPTION 2: Up positive
Ball A Solve for (1) and (2):
1 1 1
Ay = v;At + EaAtz v 12t + 3 (-9,8)t2 = -54(t—2) + 5 (=9,8)(t—2)2 v
= 12t +-(-9,8)t2 v ..(1) t=4sv
Ball B
1
Ay = v;At + EaAt2
= —54(t—2) +§(—9,8)(t -2)2v ..(2)
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19.1.2 | OPTION 1: Down positive
Ball A

1
Ay = v;At + EaAt2 v

= (-12)(4) +5 (08 (#1)

Ball B
1
Ay = v;At + EaAt2 v

= 5@ +5 8@

1
Ay = v At + EaAt2 v

= (1)) +5(-98)(#)¥

=304m =304m
Z=304mv Z=304mv
OPTION 2: Up positive
Ball A Ball B

1
Ay = v;At + EaAt2 v

= (-5H(2) +5(-98)2)

=-304m =-304m
Z=304mv Z=304mv
19.1.3
OPTION 1: Down positive OPTION 2: Up positive
Ball A Ball A
vf = v} + 2a0y v v} = v} + 2ady v
0% = (—12)% +2(9,8)ay v 0% = (12)? + 2(-9,8)ay v
Ay =-=7,347m Ay =7,347m
Y =73474+304V Y =7347+304V
=3775mv =3775mVY
19.2

Down as positive
4

Up as positive

velocity (m-s)
velocity (m-s-1)

Physics Revision Book: Answers

Marking criteria:

Correct initial velocities of both balls A and
B with correct shape (straight lines with
both positive / both negative slopes). v/
Correct initial times for balls A and B with
B starts after the intercept of A. v/

Both graphs end at 4 s. v/

Graphs parallel to each other and B to the
right of A. v/
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MOMENTUM AND IMPULSE
QUESTION 1
1.1 The total (linear) momentum of an isolated/closed system v'_is constant/conserved. v/ (2)
1.2.1 OPTION 1 OPTION 2
2Pi =3P Apskg = -Apskg V'
M1 Vai + MaVai = M1 Vif + m2V2f}‘/ any one MVi - MVi = MVi - MV
M1 Vi + Mavai = (M1 + Ma2)v 5vi—(5)(4) v = 3vi—(3)(0) v
5)4) +(3)0) vV =(5+3)vivav=25ms!V vi=25m=s!V 4)
1.2.2 OPTION 1 FretAt = Ap = (pt — pi) = (Mvi—mvi) v = Fnet(0,3) v =8 [(0 — (2,5)] v
X3 Fnet = - 66,67 N Fnet = 66,67 N v
OPTION 2 OPTION 3
m(vy —Vv;) 80-25v |Vi=vi+aAt-.0=25+2a(0,3)v ~a=-82333m-s?
Fret=ma v = N - 0a Fret=ma v =8 (-8,333) v = - 66,67 N @
=-66,67 N - Fnet = 66,67 N v  Fret = 66,67 N [10]
QUESTION 2
2.1 A system on which the resultant/net external force is zero. v/ (2)
2.2.1 OPTION 1 OPTION 2
p=mvv .~ 30000=(1500)V"v Ap =mvi—mviv . 0=(1500)vi—30000 v
~v=20ms'v ~v=20ms"v (3)
2.2.2 OPTION 1 OPTION 2
2pi=2pr }\/ for any Apa = -Aps } v for any
M1 Vii + MaVai = M1 Vif + MaVa pr— pi = -(mv - mvi)
30 000 + (900)(-15) v" = 14 000 + 900vsv 14 000 — 30 000 v'= 900vs — 900(-15) v
~vB =278 ms! veast v vi= 2,78 m-s'v east
2.2.3 OPTION 1 OPTION 2
14 - v FretAt = Ap v
Slope = %p = Fretv = ( ggg _?;%?00)/ Fnet(0,1) ~/p= 14 000 — 30 000 v
’ ’ Fnet =- 160 OOO N
=-160 000 - Fnet =160 000 N v/ Foot = 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 3
3.1
V=g=o’—2=0,5m-3'1 V=g=0’4=0,5m-3'1 V=g=0’—6=0,5m-3'1
At 04 At 08 At 12
v Formula v Correct substitution in all three equations.  v" Arriving at correct answer. (3)
3.2 The total linear momentum of a closed/isolated system is constant/is conserved. (2)
3.3 2pi = Zps
M1V1i + MaVai = M1Vie + MaVas }‘/ Any one
(3.5(0.5) v =35+ 6)vi vV
Vi= Vekg = 0,184 m-s™!
For trolley B: p/\—> For trolley A:
FretAt = Ap = mAvY FretAt = Ap = mAvY
Fnet(0,5) = 6(0,184 -0) Vo Fnet = 2,21 Nv Fnet(0,5) = 3,5(0,1 84 -0,5) Vi Fnet = - 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 4
4.1 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)
421 p=mvv =(0,03)(700) v =21 kg-m-s! v (3)
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422 OPTION 1
At fora bullet = @\/ 0,27 s
22
N 21-0
FretAt = Ap = (pf - p|) = (me - mVi) OR Fave gun on bullet = E =07 v = 77,01 N 4 (77 78 N)
~average force of bullet on gun = 77,01 N/ 77,8 N to the west v/
OPTION 2
FretAt = Ap = (pr — pi) = (Mv{— mvi)
o v Any one
Fav e
A
Aptot = (21)(220) v = 4 620 kg'm-s”!
Fave gun on bullet = 4620-0 v = 77,00 N v
- average force of bullet on gun = 77,01 N/ 77,78 N to the west v/ (5)
4.3 77N /77,78 N v to the east v/ (2)
[12]
QUESTION 5
5.1 The total linear momentum of a closed/isolated system is constant/conserved. v'v/ (2)
5.2 2pi = Zps
MBVBi + MbVbi = MaVar + MpVf } v Any one
Apbuliet = -ApPblock
(0,015)(400) v + 0 =(0,015)ves +2(0,7) v -~ Vet = 306,67 m-s'v (4)
5.3 OPTION 1
FretAt = Ap }_
Ap = mvi - mvi v Any one
For bullet: For block:
Ap = (0,015)(306,666 — 400) v Ap =(2)(0,7-0) v
= -1,4 kg'm-s’ =1,4kg'm-s
Fnet(0,002) =-1 ,4 O Fret=-700 N Fnet(0,00Z) = 1,4 O Fnet=700 N
Whet = AEk { Fret = ma
FretAxcosB = Y2 m(vi? — vi2) -700 = (0,015)a OR 700 = (0,015)a
(700)Axcos180° = ¥2(0,015)(306,672—4002) v a=-46666,67 OR 46 665 m-s2
O0Ax = 0,71 mVY
Ax = vildt + 12 aAf?
= (400)(0,002)v" + V2(-46666,67)(0,002)2v
=0,71 m (0,70667) mv’
OR
vi2 = vi 2 + 2alAx
(306,67)? v'= (400)2 + 2(-46 666.67)Ax v’
Ax = 0,71 m (0,70667 m) v
OPTION 2
=vi+alAtv o 306,666 =400 +a(0,002) v 0 a=-46 667 m-s?
(5)
vi2=Vvi2+2aAx 0O (306,666)> v'=4002+ 2(-4667) Ax v 0 Ax=0,71m (0,706 m) v [11]
QUESTION 6
6.1 The total linear momentum of a closed/isolated system remains constant/is conserved.v'v’ (2)
6.2 Zpi = Zp } v any one
M1Vii + M2Vai = M1Vif + M2Ves
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)
6.3 OPTION 1 OPTION 2
FretAt = Ap = mvs - mvi v’ FretAt = Ap = mvs - mvi v/ (3)
=(3,5)(1,28—-0) v =4,48N-s v =(2,6)(1,28—-3) v =-4,48N-s v [10]
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QUESTION 7
71 E(mech top) = E(mech bottom)
(Ep = Ek)top/bo= (Ep + Ek)bottom }\/ for any
(mgh + Y2 mv?)iop = (Mgh + 2 Mv2)bottom
(1,5)(9.8)(2) + 0 v=0+1 (1.5Vv?v O v=6,26 ms' v (4)
7.2 The total linear momentum of a closed/isolated system is constant/conserved. v'v/ (2)
7.3 2pi = 2ps
M1Vii + Mavai = M1vis + Maver v for any
M1Vii + Mavzi = (M1+ M2)v
(1,5)(6.26) + 0 v =(15+2)viv O vi=2,68m-s'V (4)
7.4 OPTION 1
—— OPTION 2
DSt v = [2.69)(3) 7 AX = Vbt + V2 abP
’ = (2,68)(3) + 2 (0)(3)2 v (3)
=8,04mv (Range 8,04 — 8,05) [13]
QUESTION 8
8.1 Momentum is the product of the mass of an object and its velocity. v'v/ (2)
8.2 To the left v Newton's third law v/ (2)
NOTE: For QUESTIONS 8.3 and 8.4 motion to the right has been taken as positive.
83  [QPTION1 P
2pi= 3pi
miVvii + M2vVzi = M1Var+ MaVves
mass of girl is m
{(m + 2)(0)} + {8(0)} v = {(m + 2)(-0,6)} v + (8)(4) v -~ m =51,33 kg v
OPTION 2 OPTION 3
dpi= dpr Apgirt = -Apparcel v
M1Vii + M2Vai = M1Vas + MaVa m(vs — Vi) = -m(Vvi- Vi)
0 = mivis + Mava v (m+2)(-06-0)v=-8(4-0)v
0v' = (8)(4) v+ mz(-0,6) v m = 51,33 kg v
- mz = 53,33 kg -~ mgin = 53,33 -2 = 51,33 kg v (5)
8.4 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 kglth-s! v/
OR
Impulse = Apparcel = m(vi— Vi) v' = (8)(4 — 0) v' = 32 kg m-s”' O Apgin = 32 kg m-s* v (3)
8.5 32 kg[S v to the right/opposite direction v/ (2)
[14]
QUESTION 9
9.1 The total (linear) momentum in a isolated/closed system remains constant/is conserved. v'v' (2)
92  OPTION1
2pi=2pi
M1Vii + MaVai = MiVis + Mavar (v Any one
M1Vii + Mavai = (M1 +M2) v
{0,45(9) + 0,20(0)} v = (0,45 +0,20)v v ~ v=6,23mE'v
OR
APball = - Apeont v+ 0,45(v—9) v =-02(v=0) v -~V =623 mE"Y (4)
9.3 K=" mv2v
Total kinetic energy before collision: ¥2 (0,45)(9)2 + 0 v'= 18,225 J
Total kinetic energy after collision: 12 (0,45 + 0,20)(6,23)2v = 12,614 J
ZKbefore # ZKafter - Collision is inelastic. v'v/ (5)
[11]

QUESTION 10
10.1 Isolated system is a system on which the resultant/net external force is zero.v'v*
10.2.1 p=mv Y

24 =m (480) v

m = 0,05 kg v
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10.2.2 | OPTION 1 OPTION 2
FretAt = Ap }\/Any one Vi = Vi + alit
FretAt = (Pouliet)f - (Poullet)i 80 =480 + a(0,01) v
FretAt = (MVbuliet)t - (MVbulet) a=-40000 m-s?

Fret(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 11
11.1 (Linear) momentum (of an object) is the product of mass and velocity. v'v/ (2)
11.2.1 | OPTION 1
East as positive
dpi=dpt }/Any one
MpVpi + MaQVai = MpVpf + MQVaf
(0.16)(10) + (0,2)(-15) v'= (0,16)(-5) +(0.2)var v/
vaf= -3 m-s!
var =3 m-s’v west v
OPTION 2
West as positive
2pi= pr } v'Any one
MpVpi + MQVai = MpVpf + MQVaf
(0,16)(-10) + (0,2)(15) v'= (0,16)(5) +(0.2)Qni v/
var= 3 m-s’' v west v
OPTION 3
App = 'ApO v
(0.16)(-5-10) v'=-(0,2)(v — (-15))v
v=-3ms’
=3 m-s' vwest v
0
IF: App = Apa: ¢ 5)
11.2.2 | For ball P For ball Q
West as negative West as negative
Impulse = Ap Impulse = Ap
FretAt = Ap ‘/Any one FretAt = Ap } \/Any one
Ap = m(vet — Vi) = m(var — vai)
=0,16(-5-10) v =0,2[-83—(-15)] v
=-24 =2,4N-s v (2,4 kgrm-s)
~24Nsv (2,4 kgmsT)
OR
OR West as positive
West as positive Impulse = Ap
Impulse = Ap FreiAt = Ap v'Any one
FretAt = Ap = m(vaf — Vai)
— m(Ver — vp) } Y/Any one _0,16(3 — (15)) v
=0,16(5-(-10)) v =-2,4N-s
=24N-sv ~ 24Nsv (24kgmsT) 3)
[10]
QUESTION 12
12.1 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. (2)
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12.2
UPWARDS AS POSITIVE
Ypi=>pt v OR/OF
(M1 + M2)Vi = m1var + M2Vt
(2m +8m)v v'= (3m)(- 7v) + 2mvar v
vef = 3v v'upwards v’
12.3 Impulse
12.4 4
z
§
"‘LL:O .
o Time/Tyd (s)
Y
QUESTION 13
13.1  Acollision in which both the total momentum and total kinetic energy are conserved.v'v/
132 EAST +
ZEki = ZEkf v
1 1
5(10)(22) + E(2)175/ =0+36V
vy=4m-s™' v west v
13.3  |OPTION 1 OPTION 2
EAST + for Y EAST + for X
FpetAt = Ap v FpetAt = Ap v
Fret(0,1) = 2(6 — (-4)) v Fret(0,1) = 10(0 —2) ¥/
Fhee = 200 N Free = =200 N
Magnitude of Fret = 200 N v/ Magnitude of Fnet = 200 N v/
QUESTION 14

14.1 A system on which the resultant/net external force is zero. v'v/

14.2.1 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

FS/2025

(2)
[10]

(3)
[10]

14.2.2

OPTION 1 OPTION 2

RIGHT AS POSITIVE RIGHT AS POSITIVE

Ip; =Ips Y Apcart = —BProcket ¥

(20 + Myocker)2,5 ¥ = (20)(0,6) ¥ + Myoepec (30) ¥ | (20)V'(0,6 — 2,5) v/ = —Myerec (30 — 2,5) v/
Myocket = 1,38 kg v Myocket = 1,38 kg v

[9]
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QUESTION 15
15.1 In an isolated/closed system the total (linear) momentum is conserved/remains constant. v'v/ (2)
15.2.1 OPTION 1
EAST AS POSITIVE WEST AS POSITIVE
p; =Xps vV Ip; =Xps vV
My Viy + My Vjy, = My Vpy + My Vpy, My Uiy + My Uiy, = My Vpy + My Vpy,
(1,2)(8) +(0,5)(0) = (1,2)(4) + (0.5)vgy v (1,2)(=8)v + (0,5)(0) = (1,2)(—4) + (0,5)vg, v
Vpy =96m-s1V vpy =—=9,6m st
v, =96m-sTtY
OPTION 2
EAST AS POSITIVE WEST AS POSITIVE
Apy = _Apy v Ap, = _Apy 4
mx(vfx —Vix) = _my(vfy—viy) mx(vfx —Vix)y = _my(vfy—viy)
(1,2)(4 —8)v =—(0,5)(vp, —0) v (1,2)(—4 - (=8))¥ = —(0,5)(vy — 0) v
vpy, =9,6m-s”tV vpy =—=9,6m-s?
MV, ==96m- sV
Iy (4)
15.2.2 OPTION 1
FOR Y: EAST AS POSITIVE FOR Y: WEST AS POSITIVE
FpeeAt = Ap v/ FpecAt = Ap v
FoeeAt = mx(vf - vi) Free At = mx(vf - vi)
Fpet(0,1) = (0,5)(9,6 — 0) v Fpet(0,1) = (0,5)(=9,6 — 0) v/
FnetonY:+4‘8N‘/ Fretony = —48 N
~» Magnitude of Fperony = 48N Y ~ Magnitude of Fpet ony = 48N Y
OPTION 2
FOR X: EAST AS POSITIVE FOR X: WEST AS POSITIVE
FnetAt = Ap v FnetAt = Ap v
FreAt = mx(vf - vi) FetAt = mx(vf - vi)
Free(0,1) = (1,2)(4 — (+8)) v Free(0,1) = (1,2)(—4 — (-8)) v
Fretonx = —48 N Fretonx = +48 N
FnetonY:+4‘8N‘/ Fretony = 48 N
~ Magnitude of Fperony = 48 N Y ~ Magnitude of Fperony = 48N Y
3)
15.3  |Inelastic v
Once for: E;, = %mvz v
— 2 1 2 — 2 1 2
XEy = mevx + Emyvy YEyr = mevx + Emyvy
1 1 1 1
=3 (1,2)(8%) + 3 0,5)(0%) v =5 (1,2)(4*) + 3 (0,5)(9,6%) v
=384] =32,64]
i EEkf * ZEk,: v (5)
[14]
QUESTION 16
16.1 In an isolated system the total (linear) momentum is conserved/remains constant. v'v’ (2)
16.2.1
OPTION 1
RIGHT AS POSITIVE LEFT AS POSITIVE
Ip; =Xps vV Ip; =Xps v

MyVu; + MpVp; = (Myyp)Vp

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

vy =0,2304m-s7!

. Magnitude of v, = 0,2304m s~V

MyVy; + MpVp; = (Myyp)Vy
(7,2)(=0,4) + (53)(0) = 12,50, v

vy = —0,2304m - s

. Magnitude of v = 0,2304m - s~1v
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OPTION 2
RIGHT AS POSITIVE LEFT AS POSITIVE
Apy=—Bpg ¥ Apy = —Dpp v
mA(UAf - vAi) = _mB(va - VBi) mA(VAf - VAi) = —mB(UBf — Vgi)
(7,2)(vs — 0,4) = —(53)(v; — 0)v (7,2) (v — (=0,4)) = =(5,3)(v; — 0) v
vp=0,2304m-s7! vy =—0,2304m-s7?
. Magnitude of vp = 0,2304m-s™1v = Magnitude of vp = 0,2304m-s™ v (3)
16.2.2 Forceof Aon B
OPTION 1: RIGHT AS POSITIVE LEFT AS POSITIVE
FpetAt = mB(vf - vi) v FpetAt = mB(vf - vi) v
F,..(0,02) = 5,3(0,2304 — 0) v F0:(0,02) = 5,3(—0,2304 — 0) v
Foor = 61,06 N Fop = —61,06 N
=~ Magnitude of F,,; on B = 61,06 N v ~ Magnitude of Fyper on B = 61,06 N v/
Force of Bon A
OPTION 2: RIGHT AS POSITIVE LEFT AS POSITIVE
FreeAt = my(vy —v;) v FrecAt = my(vp —v;) v
F0:(0,02) = 7,2(0,2304 — 0,4) v Fo0r(0,02) = 7,2(—0,2304 — (—0,4)) v
Foo = —61,06 N Foo = 61,06 N
=~ Magnitude of F,,; on B = 61,06 N v ~ Magnitude of Fyer on B = 61,06 N v/
(3)
[8]
QUESTION 17
17.1 591 N to the right v/ (1)
172 TopTION 1
RIGHT AS POSITIVE LEFT AS POSITIVE
FpetAt = mAp v FpetAt = mAp v
FreeAt = mvy — muy; FreeAt = mvy — my;
(=591)(0,02) v = (0,03)(0) — (0,03)v; v (+591)(0,02) v = (0,03)(0) — (0,03)v; v
v; =39 m-s7! v; =—-394m-s7!
Magnitude of velocity = 394m-s™1 v Magnitude of velocity =394m-s™1 v
OPTION 2
RIGHT AS POSITIVE LEFT AS POSITIVE
net = ma Fpee = ma
—591=(0,03)av 4591 = (0,03)a v
a=-19700m:s a=+19700m- s>
vp = v +aldt v v =v; +alt v
0 =v; +(=19700)(0,02) ¥ 0 = v; + (+19 700)(0,02) ¥
v; =394m-s7! v = —394m - 51
. . _ o1 L
Magnitude of velocity = 394m-s~ v Magnitude of velocity =394m+s~1 v 4
17.3  In an isolated/closed system the total (linear) momentum is conserved/remains constant. v'v’ (2)
17.4 RIGHT AS POSITIVE LEFT AS POSITIVE
Ip; =Xps vV Ip; =Xps v
(0,03)(394) + (27)(=3) v = (0,03 +2,7)v; v (0,03)(—394) + (2,7)(+3) v = (0,03 + 2,7)vy v
vy =136m-s7! vp=-136m-s7!
Magnitude of velocity = 1,36 m-s™1 v Magnitude of velocity = 1,36 m-s~1v (4)
[11]
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QUESTION 18
In an isolated system the total (linear) momentum is conserved/remains constant. v'v’

18.1
18.2

18.3

18.4

OPTION 1

RIGHT AS POSITIVE

Ipr =Ip v

2,60, +(3,2)(=0,4) ¥ =0
vp =0,492m-s7!

1
Ax = v;At + EaAt2

=(0,492)(1,3) +%(0) (0,492%) v

=0,64m

Distance = 0,64 m v

OR

V=7 of motion may
Ax also be used.

0,492 = — v
1,3

Ax =0,64m

Ax Other equations

Distance = 0,64 m v

LEFT AS POSITIVE

Ipr =ZIp; v

2,6V +(32)(0,4) ¥ =0V
vy =-0492m-s7?

1
Ax = v;At +§aAt2

= (—-0,492)(1,3) + % (0)(—0,492)% v

1

]

|

]

1

\

\

\

: =-0,64m

! Distance = 0,64 m v’

|OR .
Vo Ax Other equations
E" At of motion may
0492 Ax also be used.
I — [ p—

' ’ 1,3

VAx = —0,64m

E_Distance =0,64mv

1

OPTION 2

RIGHT AS POSITIVE

Apy = —Apg v

3,2(—0,4 — 0)Y = —2,6(v; — 0) v
vy =0,492m-s7!

Ax: As for option 1. v'v/

LEFT AS POSITIVE

Ap, = —Apg v

3,2(0,4 — 0)Y = —2,6(v; — 0) v
vy =—-0492m-s™?

Ax: As for option 1. v'v/

OPTION 1

RIGHT AS POSITIVE
For A

FpocAt = m(vf —v)V
—42At = 3,2(=0,4 — 0) v

For B
FpocAt = m(vf - vi)\/
4,20t = 2,6(0,492 — 0) v

FpocAt = m(vf —v)V
4,2At = 3,2(0,4—0) vV
At =0,30sV

At =0,30s Vv At =0,30s Vv
OPTION 2

LEFT AS POSITIVE

For A For B

FpocAt = m(vf —v)V
—4,2At = 2,6(—0,492 — 0) v
At =0,30sV

LESS THAN v

Final momentum / change in momentum/impulse remains constant. v/
If mass/inertia increases, velocity decreases/velocity is inversely proportional to mass. v/

OR

FS/2025

(@)

From FnetAt = mAv: If FretAt remains constant v and m increase, then Av decreases and vc decreases.v’

OR

From Fnet = ma: If Fret remains constant v and a is inversely proportional to m, then m increases
and a decrease and therefore vc decreases. v/

Physics Revision Book: Answers
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QUESTION 19
19.1  The total mechanical energy / sum of gravitational potential energy and kinetic energy, in an isolated
system remains constant / is conserved. v'v/ (2)
192 | OPTION 1 OPTION 2
(Ep 3 Ek)top - (Ep + Ek)bottom Wee = K ¥ 1
1 1 _ - 2 _ = 2
(mgh + —mvz) = (mgh + —mvz) mgAycos® = o My =5 mv;
2 top 2 bottom (2)(9.8)(L5) , 1( Yo v
1 2)(9,8)(1,5)c0s180° v = 0+ = (2)v;
(2)(9,8)(1,5)+0v =0+ (Dv? v 277
2 v;=542m-s 1V
v=542m-s~tv
OPTION 3
W,. = AK + AU v
1 2 1 2
Wy = Emvf - Emvi + mghs —mgh;
1 1
0=5@0) -5 @v} ¥ +DOBAS) -0
v;=542m- s 1V
(4)
19.3.1 Right positive Left positive
Apg = m(vf - vi) v Apg = m(vf - vi)
=2(542-0)v =2(-542 - 0)
=10,84kg-m-s~?! =-10,84kg -m-s~!
Apg = 10,84 kg-m-s L right v Apg = 10,84 kg -m s %;right 3)
19.3.2 10,84 kg'm-s’"; left v/ (1)
19.4 Right positive Left positive
Apy = m(vf - vi) Ap, = m(vf - vi)
-10,84 = 1,5(v; — 0) v 10,84 = 1,5(v; — 0) v/
vy =-723m-s7! vp=723m-s7!
Speed =7,23m-s"1v Speed =7,23m-s1 v 2)
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WORK, ENERGY AND POWER

QUESTION 1
11 Ex=1emvdv =1 (2)(4,95)2 v = 24,50 J v (3)
12 OPTION 1

Emech before = Emech after

[(Emech)bob + (Emech)block ]before = [(Emech )Block + (Emech)bob]after Any one v’
(mgh + Y2 mv2)betore = (Mgh + V2 MV?)atter

(5)(9.8)h+0 +0v=5(9.8)"sh+ 0+2450v 0 h=0,67mY

OPTION 2 OPTION 3
Whe = AEp + AEk Loss Ep bob = Gain in Ex of blockv’
0 = AEp + AEx Any one v’ mg(34h) = 24,5
-AEp = AEk (5)(9,8)(34h) v =245 v
-[(5)(9.8)(2h) — (5)(9.8)h] v" = 24,50 v oh=0,67mY
oh=067mv (4)
1.3 The net/total work done on an object is equal v'to the change in the object's kinetic energy. v (2
1.4 OPTION 1 OPTION 2
Whet = AEk v/ Whe = AEk + AU |
Wi + mgAycos8 = am(v? - v2) Whne = AEk + AEp
Wi +(2)(9.,8)(0,5)c0s180° v' = ¥2 (2)(22 — 4,952) v Wi = 12 (2)(22 — 4,95%) v + (2)(9,8)(0,5-0) v
=-10,7Jv HwWi=-10,7J v (4)
[13]
QUESTION 2
2.1 Whet = &K o v
Woe = % (M + m)(vi 2 v)e—"
Wi = fAxcos® v'=% (M + m)(vs 2 —vi?)
10 x 2 cos180v'= % (7,02)(0-v#) v
Veb =2,39 msv (2,387) ms” (5)
2.2 The total (linear) momentum of an isolated/closed system v"_is constant/conserved. v’ (2)
2.3 POSITIVE MARKING FROM QUESTION 8.1.
Ipi=Zpr v
MqVy + Mavy = (M4 +mMa)vy
0,02v; + (7)(0) = (7,02)(2,39)
0,02v;v =7,02 (2,39)v (4)
v; =838,89ms’' v [11]
QUESTION 3
3.1 ¢
Accepted labels
N w | Fg/Fw/weight/mg/gravitational force v
f | Friction/F¥50 N v
N | Normal force/FnormaL/Fror v
w
(3)
3.2 The net/total work done on an object equals the change in the object's kinetic energy. v'v/ (2)
3.3 OPTION 1
Whet = AEK v'Any one

fAxcosB + FgAxcos® = Vamvy? — Vemvi2
(50)(25c0s180°)v" + (60)(9,8) (25¢c0s70°) v = 12(60)(152 — vi2) v/
-1250 + 5027,696 =6 750-30 0 vi=9,95(4) ms'v

OPTION 2

Whet = AEk } v'Any one

fAxcos® + FgjAxcosB = Yamvi — Yemvi2

(50)(25c0s180°) v'+ (60)(9,8sin20°)(25c0s0°) v = 12(60)(152 — vi?) v/
-1250 + 5 027,696 = 6 750 — 30V 0O vi=9,95(4) m.s'v
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OPTION 3
Wnc =A EK + A EP v
fAxcosB = Y2(mve - mvi@) + (mgha — mghe) Any one
Emechp + EmechQ +Wne=0
(50)(25c0s180°) v'= 12(60)(15% —v2) v + (60)(9,8)(-25sin 20°) v/
-1250 =6 750 -30 V—-5027,696 0 vi=9,95(4) m.s'v (5)
3.4 OPTION 1
Pave = FVae v _ sofw v = 623,75 W v
OPTION 2
W
P=—
vV, +Vv
A v'/Any one AX = i+vi)
b f Ax cos 0 2
At +
At . r 25 = —(9’953 15 At v
_ [50(25¢c0s180°)] _ _ o3 75 Wv' (4)
2004 v ’ At=2,004s [14]
QUESTION 4
41 The rate at which work is done. / Rate at which energy is expended. v'v/ (2)
4.2.1 OPTION 1
W = FAxcos8v
Woaravity = 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)
4.2.2  Weounterweight = mgAycosO = (950)(9,8)(55)cos0° v =512050J v (5,12 x10°% J) (2)
4.3 OPTION 1
Wnet = AEK
Wgravity + Wcountweight + Wotor = 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\/ = 34750 v =748,61 Wv’
JAs 180
OPTION 2
Fnet =0 O Fgcage + Fgcount + Fmotor = Fnet v
-1 17600\/ + 9310‘/ + Fmotor =0 0 Fmotor= 2450 N
55
Pave = Fvave v = 2450 180 v =748,61 W
OPTION 3
v v 55
P ave = Fvave v'v' =[1200 (9,8) —950(9,8)] == v =748,61 W v (6)
180
[13]
QUESTION 5
5.1 The net/total work done (on an object) is equal to the change in the object's kinetic energy.v'v’ (2)
5.2 T
Accepted labels
wv' | Fq/ Fw/ weight / mg/ 58,8N / gravitational force / Fearth on block
Tv' | F1/ Tension
w (2)
5.3 Wy = wAXcosBv" = mgAxcoso Ww = - AEp v'= - mg(ht — hi)
= (6)(9,8)(1,6)cos0°v =-(6)(9,8)(0-1,6) v
OW=9408J v = 94,08 Jv (3)
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OPTION 1
Whet = AEk /AK = Yam(vi 2 — vi 2)
Whet = FretAxcos6
Whet = Wi + Wy + Wi

= ukNAxcosB + Wg + Wi
Whet = (0,4)(4)(9,8)(1,6)cos180° v + 94,08 + 0 = 68,992 J
Whet = Yam(vi2—vi2) 0 68,992v'= V(4)(vi2—0) + Y2(6)(vif—0)v ov=3,71 m-s' v

v'Any one

OPTION 2
Whe = AEp + AEk }
v'/Any one

fAxcosO = (mighr — mighi) + (Yamive - Yamivi?) + (Yamave? - Yomavi?) y
(0,4)(4)(9,8) (1,6) cos 180° v'=[0 - (6)(9,8)(1,6)]V + (V2(6)vi + V2(4)v? - 0)v Ov=3,71 m-s' v

OPTION 3

Wnet = AEK v

For the 4 kg mass: T(1,6)cos0° + [(0.4)(9.8)(4)](1.6)cos180°v" = 2(4)v? — 0)
For the 6 kg mass: (6)(9.8)(1.,6)]cos0°+ T(1,6)cos180°v" = 12(6)(v? — 0)

Adding the two equations : 68,992 = ¥2 (4)v2 + 2 (B)V2 v ov=371ms'v

QUESTION 6

6.1
6.2

6.3

6.4

6.5

The total mechanical energy in a closed/isolated system is constant/conserved. v'v’
Emech P = Emecna OR (Ep + Ek)Pe = (Ep + Ek)Q OR Whet = AEk OR Weon = AEk  OR
(mgh + %2 mv2)p = (mgh + 2 mv3)q v’
(50)(9.8)3 +0 v'=0+ "2(50)v®v" o v=7,67m:s v

N

Fi Accepted labels

w | Fy/Fw/weight/mg/gravitational force
Friction/Fi
N | Normal force/Fnormal/Fn

—

ANRNAN

fk=pN OR fk = ykmgcosB v

fk = (0,08)(50)(9,8)cos30° v'= 33,95 N v
POSITIVE MARKING FROM QUESTION 5.4/POSITIEWE NASIEN VANAF
VRAAG 5.4 \

W = FratAX cosB

Whet = Wi + W, + Wy
Whet = Wi + (-A Ep) + Wy
Whet = fi AX cos180° + mgsin® Axcos0 + 0

Wnet - A EK]‘A K

v"1 mark for any one/
1 punt vir enige van die drie

—

4

Whet = [33,948)(5)(-1)] v+ [(50)(9,8) (5)sin 30° + 0]V’
= 1055, 26 (1055,259)

1055,259 = % (50) (v; °— 7.668%) v/

vi=10,05 m's'v

QUESTION 7

71

7.2

Physics Revision Book: Answers
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7.3 W = FAxcos8 v
W = mgAxcos8 } any one
=75(9.8) (12)cos 180°v' =-8820J v
OR Wy = -AE, v = - (mgh — 0) = -(75)(9,8)(12) v =-8 820 J v (3)
7.4 The net work done on an object is equal to the change in the object’s kinetic energy. v'v/ (2)
7.5 OPTION 1
Whet = AK }‘/
FrelAXCOSO = (V2 mv2 - V2 my2)S ¥ @ny one
(75)(0,65)(12) v'cos0° v = ¥2(75)(vi2- 0) v/
ovi=3,95m-=s! v
OPTION 2
Waet = AK % Whe = (Y2 mvi2 - Y2 mvi2 )+ (mghs - mghi)
Wne = AK + AU - v'any one 9405 v'= (V% (75)vi2 -0) ¥+ (75)(9,8)(12 -0) v
Wr + W = AK vi=395mis'v
T-mg=ma
T-75(9,8) = 75(0,65)v 0 T=783,75N
Wr = 783,75 (12) cos0°v = 9405 J (5)
9405 — (8820) = Y2 (75)(v@ —0) v 0 vi = 3,95 m-s" v [13]
QUESTION 8
8.1 A force for which the work done in moving an object between two points depends on the path
taken. v'v/ (2)
8.2 No v (1)
8.3 OPTION 1 OPTION 2
P=ﬂ\/ AX:(Vt-'-Vi]At
a 2
_ 48x10°
(90) = (0 +25)(90) =1125m
- 5333333 W 2
= 5,33 x 104 W (53,33 kW) v/ Wr = FAxcos®
4,80 x 108 = F(1 125)cos0° OF = 4 266,667 N
Pave = FVave v = (4 266,667)(12,5) v
=53333,33W Vv (3)
8.4 The net/total work done on an object is equal to the change in the object's kinetic energyv' v/ (2)
8.5 OPTION 1
Whet = AK v OR Wy + Wi + WE =2 mve - 2 mviZ OR
mgAxcosO + Wr + We = 2 mve - 2 mv?
0_(1 500)(9,8)200cos180°v" + Wr + 4,8 x 108 v'= %2 (1 500)(252—0) v/
-2940 000 + Ws +4,8 x 106 =468 750 10 Wr=-1391250J=-1,39x108J v
OR
Whet = AKY OR Wy + Wi + We = 12 mve? - Y2 mvi2 OR -AEp + Wi + We = 12 mve? - 12 mvi2
0-(1 500)(9,8)(200 — 0)v" + Wi + 4,8 x 108 v'= ¥2 (1 500)(252—0) v
-2940 000 + Wt +4,8 x 108 =468 750 oW:=-1391250J=-1,39x 108J v (5)
OPTION 2
Whe = AK + AU v OR Wi = Y2 mve? - Y2 mvi2 + mght - mghi = Y2 m (v- vi2) + mg(hs - hi)) OR
Whe = Y2 mv2 + mght - 2 mvi2 - mghi OR Wi + WE = %2 mve - 2 mv2 + mght - mgh; v/
OWr + 4,8 x 108 v'=[¥2 (1 500)(25)? + -0] v'+[(1 500)(9,8)(200) - 0]V
OWr =-1,39 x 106J (1,40 x 108J )v'
OR
Whe = AK + AU v OR Wi = V2 mvi - Y2 mvi? + mghs - mghi = Y2 m (vé- vi?) + mg(hs - hi) OR
Whe = Y2 mv#2 + mghs - Y2 mvi2 - mghi
OW + 4.8 x 108 v'= [1£ (1500)(25)2 v'+ (1500)(9.8)(200) v] - [0 + 0] (5)
OWr =-4,8x106+3,4x 106 =-1,39 x 105J (-1,40 x 106J )v' [13]
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QUESTION 9
9.1 Tension v/
9.2 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)
9.3
N

T Accepted labels

w | Fg/Fw/weight/mg/gravitational force
f | Friction/F/f/178,22 N

N | Normal (force)/Fnormal/Fn/Freaction

T

F1/Fa/Fappiied//700 N/Tension

AR

w
v (4)

9.4 W= FAxcos® Vv
Wi =[178,22(4)cos180°] v/
=-712,88J v (3)

9.5 OPTION 1
Wnet = AEK
Wi + Wy + Wr = AK
Wr + mgsinBAxcos6 + Wt = AK
-712,88 + (70)(9.8) (sin 30°)(4) cos 180° v'+ (700 x 4 x cos 0°)v" = V2 70(vi2 — 0)v
vi =452 m§'v
OPTION 2
Whe = AEk + AEp 4
Wt + W = AEk + AEp
(700)(4) cos 0°) v + (-712,88) = [(70)(9,8) 4(sin 30°).-0] v+ 12 70(viE—0) v
vi=4,52mg'v
OPTION 3
Fret = FT —[mgsin® + fy

=700 —[(70)(9,8sin30°) + 178,22] v

=178,78 N
Wnet = AEK v
Fnet. AXcos8 = AEk
(178,78)(4)cos0° v =1 70(vP—0)v =~ v1=452m§'v (5)
9.6 2(-712,88) = -1425,76 J v (1)

QUESTION 10
10.1 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)
10.2  Gravitational (force) v/ (1)
10.3 NoVv There is friction v (between the object and the track). (2)
3)

10.4 Ep=mgh v =(1.8)(9.8) (1,5) v =26,46J v

10.5 OPTION 1 OPTION 2
Whe = AK + AU }/Any one Whet = AK
Wi = Yam(ve — vi2) + mg(hr — hi) Wr + Wy = Yamve - Yamvi2 v'Any one
=15(1,8)(4>—0,95%) v+ (0 —26.46) v Wr + mgh = Yam(vi- vi2)
=-1287JV Wi + mgh = Yamvg - Vemvi2
Wi + 26,46 v'= 2(1,8)[(4)% - (0,95)2] v
Wi=-1287J (-12,872J) v (4)
10.6  (Wnet =) 0J/zero v (1)
[13]
QUESTION 11
11.1 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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K =% mv2/Ek = Y2 mv2

AK = Kt - Ki

AK = Yamve - Vamv;2 v'Any one
= Yam(ve- vid)
—1/5(200)(22 - 42) v/

AK=-1200J v

OPTION 1

Wnc = AK + AU

Whe = %2 mv¢? - Y2 mvi2 + mght - mghi v'Any one
= Y2 m (v vi#) + mg(hst - hj)

-3,40 x 10° v = -1 200 + 200(9.8)(hi - 10) v’
h-=888mv (887765m)

OPTION 2

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

(Ep +Ex)a+ Wi = (Ep +Ex) B vAny one
(mgh + 2mv2) o + Wi = (mgh + 2mv2)

200(9.8)(10) + 2(200)(4?) - 3.40 x 102 v' = 200(9.8)(h) + ¥2(200)(2)% v

h=888mv  (8,87755)

OPTION 3

Wnet = AK

Wi + Wy = Yamvi2 - Yamvi2

Wi — AEp = 1omve2 - Yemvi2 v’Any one
Wi - mg(ht - hi) = Yam(vi?- vi2)

-3,40 x 108 - 200(9.8)(h-10) v'=-1 200 v
h-888m+v (887755 m)

OPTION 1

Wnc =AK + AU

Wengine + Wi = Yamvi - Y2 mvi2 + mghf - mghi } ‘/Any one
= Yam(v¢- vi2) + mg(hs - hi)

Wengine + (50)(2)(15)cos180° v = 0 +200(9,8)(22 — 8,88) v/

Wengine =27 21 5,20 J

w. .
engine

Pengine - t
_27215,20

15
=181435W v

OPTION 2

Wnet = AK

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

Wn + Wengine - AEp +Wi =0

0 + Wengine - (200)(9,8)(13.12) v" + (50)(2)(15)cos180° =0 v
Wengine =27 21 5,20 J

OR

Wnet = AK

Wn + Wengine + Ww|| +Wr =0 } 4 Any one
WN + Wengine +mgsinBAxcos180° + Wi =0

13,12

0 -+ Wengine - (200)(9.8) (—) (A x)(-1) ¥ + (50)(2)(15)cos180° =0 v/

Ax
Wengine =27 21 5,20 J

Wengine v

Pengine -

t
2721520

15
=181435W v
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—?PTION 3 } v Enige een
net = Ma
Fengine + Firiction + Fg// =0 OR
. E, _ (200)(9,8)(13,12) _
Fengme - (ﬂ) v 30 V=0 Wengine = FengineAXCOS@
Fengine = 907,17 N N = (907,17)(30)cos0°
{ Y ‘// =27 215,10 J
ave = FVave Wengi
Pave =(907,17)(2) Pengine = EX? =V
=181435W Vv 27 215,10
15 L
=1814,34W
(%)
[14]
QUESTION 12
12.1  The rate at which work is done/energy is expended. v'v' (2)
122 P=K\/ P=K\/ Pove = Fgpe ¥
At OR At (12500098)(58)
_ Amgh _ FAycos6 OR = 60
At At =118417W v
_(1250)(9,8)(5,8) P ~ (1250)(9,8)(cos0°) S,
a 60 B 60
=1184,17W Vv =1184,17W v 3)
12.3 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)
12.4  Non-conservate (1)
12.5 (Gravitational) potential energy to kinetic energy (1)
12.6 From R to the wall: Into the wall
(Ep + Ek)R = (Ep + Ek)Bottom/Onder Whet = AK v
(mgh + %2 mv3)r = (mgh + 2 mv2)Bottom/onder Fwalimuur AXcosB = Ki — K;
(1 250)(9,8)(5,8) + 0 =0+ Ex v Fwatmuur (0,25)(cos180°)v" =0-71 050 v
Exk=71050J Fwatymuur = 284 200 N v/ 5)
[14]
QUESTION 13
13.1  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)
13.2
(E, + Ek)P = (E, + Ek)P v
1
2)(9,8)(5)+0=0+ > (vf v
vi=990m-s™ v
@)
133 | OPTION 1 OPTION 2
Wier = AK v Wy, = AK + AP v
1 2 2 1 2 2
fAxcos® = Em(vf - Vi) fAxcos® = Em(vf — v ) + mg(hs — h;)
1 1
f(10)cos180° v = 5(2)(42 —-990%) v ||f(10)cos180° v = 5(2)(42 -990%)+0Vv
f=82NV f=82NV
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134 | RIGHT + LEFT +

FpoeAt = m(vf —v)V FpocAt = m(vf —v)V

—-14 =2(v; —4)v 14 = 2(vy — (—4))v

vi=-3m-s! vi=3m-s7!

1
AE, = gmv]Z —Emvi2 v AE, = gmv]? —Emviz 4
=S I(-3)? - 47] ¥ =3 - (4] ¥

QUESTION 14

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

14.2  Fret is 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 Axcos® and 6 = 180°.

14.3

OPTION 1
Whet = AK v/
1 .1 5
W, + Wr = Emvf - Emvi
; 1 2 1 2
mgsin®Ax cos © + Wy = Emvf - Emvi

Ax =96,64m v

(30 000)(9,8) (sin28°) (Ax)(cos180°) v + (31 000)(Ax)(cos180°) v = %(30 000)(0% — 332) v/

OPTION 2
Wy = AK + AU v
1 .. 1 5
Wy = Emvf - Emvi + mghy —mgh;

Ax =96,64mv

(31 000)(Ax)(cos180°) v = %(30 000)(0% — 332) v + (30 000)(9,8) (Axsin28° — 0) v’

14.4  Ascending v

For ascending: Fws 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.
The net force on the truck for ascending is greater than net force for descending. v/

QUESTION 15

15.1  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. v'v" OR

FS/2025

()
[14]

()

(3)
[11]

A force is non-conservative if the work it does in moving an object around a closed path is non-zero.  (2)

15.2

N F Acceptable labels

Fo/mg/weight/Fw/Fearth on biock/gravitational
force/117,6 N

f F | Fa/Applied force/T/Ft

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

w N | Fnv/Normal/Frorma/normal force

w

AN NI

153 | OPTION 1
W, = AK + AU v/

1
= Em(vf -v?)+ mg(hf =)

= %(12)(2,252 —03) v +(12)(9,8)(4,5 — 0) v
= 559,58 ] v
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?ET'I'QN"Z """""""""""""""" Weighte = mgAycos180° |
| floe ?K ) = (12)(9,8)(4,5) (cos180°) |
E | = _mvz —_ _mvz = —529,20] E
~— TR OR |
L =SAD@25) -0V Wieigne = —AU |
: 2 : _ :
| =30375) ' = —mg(hy — h;) |
bomommr e i =—-(12)(98)(45-0) |
; = —529,20]
OR |
 Wiveightyar—componene = MgSinadxcos180° §
Whee = Wae + Wieigne v _ 4,5 o S
30,375 = Wy, + (~529,20) v = (12)98) (5 ) Axcos180 |
W, = 559,58 v = —529,20] !
'''''''''''''''''''''''''''''''''''''''''''''''''' (4)
OPTION 1
Along the incline A to B Along the horizontal B to C
Wnc=WF+Wf1‘/ F —f; =ma (¥)
Wy = FAxcos0° + f;Axcos180° F—f;=0V
559,58 = (F — f,)Ax v .......... (1) F—(fi+42)v =0
F—fi=42 ... (2)
(2) in (1): Directions are already
559,58 = 42Ax applled in (*)
Ax =13,32mVv
Along the horizontal B to C
OPTION 2 F—f,=ma (%
Along the incline Ato B F-f,=0v
Wy = AK + AU v F—(fi+42)v =0
o = L p? — Smu? F=f+42
(F — f1)Axcos0° = [Emvf - Emvi] + [mghy — mgh;] “=h
Directions are already
applied in (*).
1
(i +42 - £)@0W) = |5 (12)(225% = 02)] + [(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)
vf = v} + 2aldx F—f, =ma (x)
2,252 = 0% + 2aAx v F-f,=0vY
2,531 F—(fi+42)¥ =0
a="rr F=fi+42...... (1)
Fohet = ma
F— Wpar—component — fi =ma (x)
F —mgsina — f; = ma
4,5 _ 2,531
F —(12)(9,8) (A—x) —f = (12)( = )/ .......... )
(1) into (2)
+42 - (12)(9,8) (4’5) = (12) (2’531)
fi " \Ax fi= Ax
Ax =1332m Vv
(5)
[15]
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QUESTION 16
16.1  Aforce 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)
16.2

OPTION 1
Wyer = AK v

1 2 1 2
Ww(par) + 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 + Wp = Emv]? —Emviz + mgh; —mgh;

(13,5)(15,6)(cos180°) + (96,8)(15,6)(cos0°)v = %(20)(1}5 —02)v + (20)(9,8)(15,6)(sin18°) — 0V
ve=596m-s"1v

OPTION 3: UP THE INCLINE AS POSITIVE
Fret = Wpar +f+F Wyee = AK YV
= —(20)(9,8)(sin18°) — 13,5 + 96,8 v _1o 1 s
— 22733 N F et AXxCOSO vaf zmvll
(22,733)(15,6)(cos0°)Y = 5 (20) (v = 0)¥
Ve=596m-s"1v (5)
16.3
OPTION 1: UP THE INCLINE AS POSITIVE
v + v Ax w
dr= ()8 e = e () 7 P=n”
0+ 5,96 o
156 ( ) Al _(968)(56) ,  OR _(968)(156)(cos0?)
2 5,24 5,24
At =524s = 288,18 W v = 288,18 W v
OPTION 2: UP THE INCLINE AS POSITIVE Ax
vf = v} + 2alx Fper = ma Pie = Fope (—) v
5,962 = 02 + 2a(15,6) OR —(20)(9,8)(sin18° — 13,5 + 96,8 = 20a 96 8)A(t15 6)
a=114m-s? a=114m-s72 =#/
\ = 288,73 W v
OR
1 ve = v; + alt /
— 1. Z 2 f i w
Ax = vilt +12 alt OR 5096 =0+ 1,14At P=-&
15,6 = 0+ (1,14)A¢? At =523s _ (968)(15,6)(cos0%)
_ 5,23
At =523s _ 2at
(3)
16.4 N

f« | Accepted symbols

Nv’ Fn/196N/Normal/Fnormal

fkv’ f/(kinetic) friction/Fs

wv’ Fq/Fw/weight/mg/gravitational force/Fearth on block
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16.5
UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
A '
A Sl %
= E
a > F / >
g N Time (s) S —
9 3 Time (s)
2 >
59F------
M v [247)]
QUESTION 17
17.1
N Accepted labels
f w Fw/Fg/mg/gravitational force/weight
f Fi/f/(kinetic) friction
w N Fn/Normal
(3)
17.2  Initial kinetic energy v/ (1)
17.3  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)
174 |OPTION 1
Wnet = AK v
Axcos180° = K; — K; _
]:(45)/—0—f18\/ fi = putl
f(45)v = 4 = (0,18)(m)(9,8) v
OR-f(1,5)=0-6
f=4N
OPTION 2
A 1
Gradient = % ==V fie =N
w S 4= (018)(m)(9.8) v
""""""""""" = v
1_45Y 1 23 plS m =227 kg
fo18v |12 6
F=4N  teeeeeeeeeeeod (6)
[12]
QUESTION 18
18.1  The total mechanical energy / sum of the gravitational potential energy and kinetic energy in an
isolated system is conserved/ remains constant. v'v OR
If the sum of the non-conservative forces is zero, then total mechanical energy/sum of the
gravitational potential energy and kinetic energy is conserved/remains constant. (2)
182 | OPTION 1 OPTION 2
(B, +Ex), = (B, +Ex), v Woe = ?K + Aul/
(mgh + lmvz) - (mgh + %mvz) Wy = Emvf - Emviz + mgh; —mgh;
B A

0+ % (18)vZ = (18)(9,8)(3) + 0 v’

vp=7,67m-s1v

1
0=2(18)vf ~ 0+ 0~ (18)(9.8)(3) ¥
vy =7,67m: sTlv
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OPTION 3
Whet = AK v/

1 .. 1 5
mgAycosd = Emvf - Emvi

1
o) — 2
(18)(9,8)(3)(cos0°) = E(lB)vf -0V
vp=767m-s v

(3)

18.3  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)
184 | oPTION 1 OPTION 2
Wiee = AK v W = AK + AU v
fAxcos8 = lmv2 ——mv? fAxcos6 = lmv2 - lmv-2 + mgAh
20T 27 . 20T 27 )
(40,6)(Ax)(cos180°) v = 0 — E(18)(7,672) v |](40,6)(Ax)(cos180°) v = 0 — E(18)1;; +0v
Ax = 13,04 m v’ (Range: 13,03 ~ 13,04 m) Ax = 13,04 m v’ (Range: 13,03 ~ 13,04 m) @)
18.5  Smaller than v’
Total mechanical energy / Gravitational potential energy (at A) is less. v/
Velocity(speed) / Kinetic energy at B is less. / AEx will be less from B to C. v/ (3)
[14]
QUESTION 19
19.1  The work done on an object by a constant force Fis FAxcos8, where Fis the magnitude of the force,
Ax the magnitude of the displacement and 6 the angle between the force and the displacement. v'v/
OR
The work done on an object is the product of the force and the displacement of the object in the
direction of the displacement. (2)
19.2 N Accepted labels
w | Fuw/Fg/mg/58,8 N/ gravitational force /weight
f f | F#/fi/ (kinetic) friction
w N | Fn/ Normal force
F | Fa/ Applied force (4)
193 | oPTION 1
Wher = AK Y
Wr + Wy = AK
1
FAxcos® + fAxcos® = Emvfz - Emviz 1 1
F(1,5)c0s30° + (10)(1,5)cos180° v = 5(6)(22) —3 (6)(0%) v
F=2078NVv
OPTION 2
W, = AK + AU v/
Wr + Wy = AK + AU
1 1
FAxcos® + fAxcos® = Emvfz - Emviz +mgh; —mgh;
1 1
F(1,5)c0s30° + (10)(1,5)cos180° v = 5(6)(22) ~3 6)(01)+0—-0V
F=2078N Vv
(4)
19.4  Remains the same. v'v/ (2)
2]
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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)
112 v=fAv 0O 340=1(0,28)v O fs=121429Hz v (3)
1.1.3 szvivL i, OR fL:ViVL «Y  OR f| = v P, v
ViV, ViV,  Ag V-V,
L :(#]1214,29 v OR fL:(ﬂ]x@ 0 fL=1331,80Hz v
340 ~30 340-30) 028 (5)
1.1.4 Decreases v (1)
1.2 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]
QUESTION 2
2.1 Speed v (1
2.2 3m-sstv (1)
2.3.1  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)
232 345m-s'v (1)
233 f =YWL ff:( 345+0 11(’00}:1200 Hz v (4)
VESVR 345<575 1
234 295V (K) (1)
2.4.1 Diagram3 v (1)
242 1V The source is stationary. v/ (2)
[13]
QUESTION 3
3.1.1  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)
312 f="2YLf OR f=Y f v
Vv, V=V,
365°=_(340%0) v, 335 0 vs = 32,60 m-s1 v (5)
(340- vy)

3.2 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 4
411 Doppler effect v/ (1)
4.1.2 Measuring the rate of blood flow. v OR: Ultrasound (scanning) (1)
_ vy v v
413 f. = fs OR f = f OR f_ = fg v
Vs Vs s
v
2600= 20 ¢
(340-vy)
1750=ﬂ fe v/ 0 2600(340-vs) = 1750(340 + vs) v O vs = 66,44 m:s v (6)
(340+vy)

414 (a) Increasev (1)

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

[13]
QUESTION 5
5.1 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)
521 170Hz v (1)
522 130Hz v (1

Physics Revision Book: Answers © Free State Department of Education



Physitacssnearlet 1 From Stanmoreplsysics.com FS/2025
5.3
Vs =45,33 m's' v (45,33 — 45,45 m's™) (6)
[10]
QUESTION 6
6.1 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)
6.2 Towards A v Recorded frequency higher. v/ 2)
6.3
f| = EA i, v
Vv,
FOR A: FOR B:
v v
v v
690 =[>20 \¢ 610 343{:'0 f,
40 <y, (1) i, )
690 340+v,
610 340-v,
1,131 (340 - v¢) = 340 + v,
vs =20,90 m.s™'v (20.90 t020.92 m.s™) (6)
6.4 Doppler flow meter/Measuring foetal heartbeat/Ultra sound/Sonar/Radar (for speeding) v/ (1)
1]
QUESTION 7
71 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)
7.2 OPTION 1 OPTION 2
vty vty
f= Lfs‘/ORfL: - fe f = Lfs‘/ORf:V _E
viv, V-V ViV, y bovev (A
4 340 4
- 340 340
o1 i 23y =) e
fo = 1 500 Hz v VA
v=fAv [0340=(15000Av OA=0,23m v A=0,23 m 7)
7.3 Greater than v/ (1)
[10]
QUESTION 8
8.1 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)
8.2 Away from v/ Observed frequency lower v/ (2)
8.3 v=fAv [0 340=1(0,34) v O f=1000Hzv (3)
8.4 OPTION 1 OPTION 2
=Y \% vty
fL=——tf, VORf=——f fi=—Lf VOR .V [V
Vv V-V viv Fovev, (A,
Y /340-v V v v 340-%, v
950 = L) 1000” Ovi=17ms" 950 &\ > ) (1000~
40+0 340-+0 (6)
Distance x = VAt = (17)(10) v =170 m v Distance x =170 m v [13]
QUESTION 9
d 300
9.1.1  AX = ViAt + Y2 aAt? OR V=170 v =30m-ss' v
300 =vi (10) v
vi=30m-ss' v (2)
9.1.2 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'
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9.1.3 Car/source (just) passes observer. v'v' (2)
914 f=Y*Yfv OR f=_Y ¢
ViV, V-V,
v 340
932 =——— f ~ fs=849,76 Hz v 4
340-30 ® @

9.2 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)
[12]
QUESTION 10
10.1  Doppler effect v/ (1)
10.2 P registers a shorter period/higher frequency./Q registers a longer period/lower frequency. v/ (1)
10.3 f=1~/=%~/=5,88x102=588,24Hz~/ (3)
T 17x10
104 f= ;4/ = 5,56 x 102 = 555,56 Hz
18x10
vtv
fi=—" v OR f ="t
vty Vv + Vg
v
v (340 , y
555,56 = 58824 ~ v=20m-s (6)
40 +v
[11]
QUESTION 11
11.1 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)
Towards (1)
vty
= v
=Tk
3148 v 34040 f
340 — v’
2073 v 340-0 f
340+ v, °
Solve for vs: = vs =70 ms! v
(6)
14 "oPTION 1 OPTION 2 OPTION 3
_ Ax Ax = vilt + 12 alAt? _ (Uit
At=—- 350 = 70At + 0 v M= ()7
350 At=5s Vv 70+ 70
=— 350 = )At v
At 70/ ‘/2
At=5s At=5s
(2)
[11]
QUESTION 12

12.1  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)
12.2.1 700 Hz v

Learner's speed is zero. / No relative motion between source and listener. / Listener and source are

stationary. v’ (2)
12.2.2 Away v The observed frequency is smaller than the source frequency. v/ (2)
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12.2.3 vt viv,
= v = v
L 1}J_rvsfs fi Uivgfs
—10 — 20

679,17 =~ —— v(700) v OR 658,27 = = = V(700 ¥

v=133493m-s1v v=233493m-s1v
QUESTION 13
131 [, apv

340 = 6801 v

A=05mvY

13.2  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).

13.3.1 Decreased v

13.3.2 Increased v

134 v
fi= 1
_ 340 v
0,5—-10,05
= 755,56 Hz
vty
= v
fi vt vsfs
3404+ 0
755,56 = —] 680)v'v
340 - US ( )
ve=34m-s"1v

QUESTION 14

141 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.

14.2 v=Af Y
340 = A(880) v
A=0,386m v
14.3 vty
= — v
fi=(raee)
340+ 10
= v v
( 340 ) (880)
=905,882 Hz v
14.4 4
— B
e}
L
2 A
R
@
|
o
o
- -
Time (s)
QUESTION 15

15.1  Doppler effect v/
15.2  Measurement of foetal heartbeat. OR Measurement of blood flow. OR Doppler flow meter v/
15.3  Directly proportional OR f; a fs v

FS/2025

(5
[11]

(5)
2]
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154 |OPTION 1 OPTION 2
Afy vty
- M _ .

fi= (v * v, )fs Gradient A i (v T vs) fs

fL (U it VL) fL - (340 + vL>

[~ o Vv = vy = (22T

1wt 106 s — 0ok 340 )

106 vV = (M) L | |fi=106f v, = 204m- sV

340
v, =204m-s"
L (5)

15.5 7|

Straight line starting at the origin. v/
Gradient of B is greater than gradient of A. v/

fL (Hz) B A
fs (Hz) g )
[10]
QUESTION 16
16.1.1 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)
16.1.2 i, B i,
fi= (a5 fi=(raee)
340 + 22 340
=(——— |V v =(—— )V v
( = ) (24 000) (340 . 22) (25 552,941)
= 25552941 Hz =27320,75Hz v
(6)
16.2  The frequencies of the spectral lines have decreased. v'v/ (2)
[10]
QUESTION 17
17.1.1 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)
17.1.2 v+,
fu= [v + v ]fs
= v v
512,64 v [v T 25] (550)
v=2343,04m-s1to332,14m-s"1 v 5)
17.1.3 (a) Remains the same. (1)
(b) Remains the same. (1)
(c) Increases. (1)
17.2.1 Away from (1)
17.2.2 A lower frequency / longer wavelength v is detected.
This lower frequency / longer wavelength corresponds to the red end of the spectrum v'. (2)
[13]

QUESTION 18

18.1 It is the (apparent) change in frequency/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)
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18.2 v+,
f= [v T vg ]fs
Moving towards observer: 615 = v_vz v" Moving away from observer: 526 = [v:%] fs v
615(v —26) 526(v + 26) v
v - v
v=333,33m-51t0331,88m-s1v
18.3 + ©
. v 1%
fu= [v+v§]fs v=AfY
333,33 = A(567,03)
333,33 333.33
615 = [333.33—26] fs ¥ OR 526 = [333.33+26] fs¥ A=059mv
fs =567,03Hz Range: 0,585 m ~ 0,59 m
4)
18.4 -
’IN\ A i A—\’
> > i
5 o :
S OR o i
S 2 i
g g '
o i w .
0 —> 0 = >
t1 Time (s) t Time (s)
Criteria for graph
The lines before and after t1 are horizontal. If this criterion is not met: 0/3 v
The frequency after t is less than before #. 4
Time t correctly indicated where the frequency changes if everything else is correct. v (3)
[14]
QUESTION 19
19.1  Doppler Effect v (1)
19.2  Away from. v/
Frequency detected by the listener is lower than the frequency of the source. OR fL < fs OR
Wavelength of sound detected/observed by the listener is longer than wavelength of sound emitted
by the source. OR AL > As v (2)
1931 |, —Af, v
343 = 0,38f; v
fs =902,63 Hz v 3)
19.3.2
v+,
= v
fi= o f
343 343+ 0
0z m] 902,63 ¥ Range: 18,05 ms" ~ 18,45 ms"
vs=18,05m-s71 v (6)
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ELECTROSTATICS
QUESTION 1
1.1 The (electrostatic) force experienced by a unit positive charge (placed at that point). v'v' (2)
1.2
Marking guidelines
Lines must not cross / Lines must touch the |
spheres but not enter spheres
Arrows point outwards v
Correct shape v
(©)
1.3 E= kQ v
(2
(9x10%)(30x107°) (9%10%)(45x107®)
Qix = B v & Eaqx= > v
(x) (015+x)
(9x10%)(30x107°)  (9x10°)(45x10°) ¥
Enet=0 [ Eqix = Eqex U > = >
(x) (015+x)
Ux=0,67mv (0,667 m) (5)
[10]
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) charges v and inversely proportional
to the square of the distance between them. v/ (2)
2.2.1 Negative vv (2)
222 F-= kQ1S3 v
r Fazs Fa1s
(9x10%)Q,(2x107°) — <o >
0,012 = > v 0Qi1=4,17x108C v Fret
(25)
Fret= Fai3 + Fa2s v/
9 -6 9 -6
03v =0012- Ox10 )(0122)(2”0 )v OR 03=-0,0124+ O*10 )(?g)(zxm )
0Q2=1,6x105C v (7)
[11]
QUESTION 3
3.1.1  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/ (2)
3.1.2 Fe/Electrostatic force v/ (1)
3.1.3 The electrostatic force is inversely proportional to the square of the distance between the charges. v (1)
AF, 27 -
314 Slope= —E v = 0027-0 4,82 x 103 N'-m?2
A 1 56-0
r2
Slope = FEr? = kQ1Q2 = kQ? v ~ 4,82 x 10°v =9x10°Q?Vv ~.Q=7,32x107C v (6)
3.2.1
Criteria for drawing electric field:
Direction v
5 < Field lines radially inward v
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322 E= g
r

Right as positive:
(9%10%)(0,75x1078)

PA = v = 8,33 x 105 N-C' to the left

(0,09)
(9x10%)(08x107°)
Eps = 2 v =8 x 108 N-C' to the left
(0,03)
Enet = Epa + Epc=[-8,33 x 105 + (- 8 x 108)] v'v' = - 8,83 x 10 = 8,83 x 106 N-C' v/
Left as positive: Enet = Epa + Epc = (8,33 x 10%+ 8 x 108) vv' =8,83x 106 N-C' v (5)
[17]
QUESTION 4
4.1 Electric field is a region of space in which an electric charge experiences a force. v'v/ (2)
4.2
Marking criteria
Correct shape as shown. v
Direction away from positive v
Field lines start on spheres and do not cross. v
3)
Q  ©x10°fsx10°¢) ,
4.3 Epa= =2 v = > v =2,88 x 10* N-C-' to the right
r2 (1,25)
«Q (9x10°)5x10°)
Epe= — = ) v =8,00 x 104 N-C to the left
r (075)
Enet = Epa+ Epa= 2,88 x 10* + (-8,00 x 10%) = 5,12 x 10* N-C1 v/ (5)
[10]
QUESTION 5
5.1.1 Removed v (1)
Q 6
512 n=—v= 8%10" _3754101 velectrons 3)
e 16x107°
5.2.1 Negative v (1)
522
Fa3
Qs
Fi3
)
k
523 F=% v
9 -6 -6 v’
Foa _[ox10 )(2x1g Yo x10°) (s 450r: (0,07264) -
r r
5.2.4 F:kO‘ZQ2
r
9x10° J2x10® f6x10® | 0,0764
B0 0 o) ) _ours
Fx = Frax+ F23x
F, - 20764 00764 _, 00762 Aqdition
' 01528r . NOTE: Fy et = 0
(012)v = =——— Or=1,128m v (4)

r
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5.3.1 The electric field at a point is the (electrostatic) force experienced v'per unit positive charge v/
placed at that point. (2)
9x10%)Q
532 E =g 0 100=% vOQ=4x10°C
r (06)
When the electric field strength 50 is N-C-':
9 -9
E:@D 50:(9 x107)(4x107) v v equation
1 2
U r=0,85m v (0,845 m (5)
[21]
QUESTION 6
6.1 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)
6.2 OPTION 1
k 9x10°%)(6x10°)(8x10°) v
pkQQ; _ OX107(6x10%)8x10%)7 o
r (02)
OPTION 2
9 6"
e k@ _OXAONEA07) o ypenc
= —F = - , X . -
Both v/ |'2 (0,2)2
F=Egq=(1,8x104(6x10%) v =10,8 N v (4)
6.3
Y » Fxy
Marking criteria
Fret v d
v et Fzop v if correct direction v
Fxopy if correct direction v
Fo oy Resultant vector v
3)
6.4 OPTION 1

Frer =Fiv +F2y }/Any one
15207 =108% +F2,

Fzv=10,696 N

8x
sz=k% 0 10,696v = 9x10° x

] (0,30)2

OPTION 2

cosl = 108 [0 6=44,72°
15,2

F
sin44,72= 2L v OR tan 44,72 = Fzv.
15,2 oy
0 Fzy=10,696 N
K Q,Qy
r2

Fzvy =

0 8x10°%Q, .

010,696 v = 9%10 >
(0,30)

0 Qz=1,34x105C v

Physics Revision Book: Answers

10°xQ,

v 1 Qz=1,34x105Cv

Fxy=10,8 N
0

Fnet = 15,20 N

L

(4)
[13]
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QUESTION 7
71 Electric field at a point is the force per unit positive charge placed at that point. v'v' (2)
7.2 E —@ v
Enet = " (Ea + EB)
— 9% 109M 9><109M)
—2,84x105NC1\/ (4)

7.3 Fe=qE Vv
=(3,0x109)( 2,84 x 105 v

=8,52x10* NV (3)
[9]
QUESTION 8
8.1 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)
8.2 ~/ - > FRp
FRS R (2)
8.3 To the ri rght as posmve
F=k——

Fretr = FPR +Fsr

_ka,Q;,  ka,Q,

Fnet . rz rz
v v
v i 9 9 ] ]
1.27x10° = [(9x10%)(15 ><210 NQ) (9x10 )(2)<210 )(Q}}
(0,3 (0,2) (7)
-1,27x 106 =150Q-450Q v [ 4,23x10°C Vv [11]
QUESTION 9
9.1
%# Marking criteria:
> — e Shape (radial) v
/}K\ Polarity of A v/
(2)
92 gk,
r2
3x10’ = 8x10°)Q)
(05)
Q=8,33x10*Cv (3)
9.3 Q i ne{s -19
=(10°X(1,6x10°7) v Positive marking from Q8.2 for this option.
& -14
= I:1,6 x10™C . po Q2
ExgY ' ( 4 X -14)
] . F=(9x109}8‘33x10 16x10 -
3x10° = Texo™ ” (05F (6)
, - 7 N
QUESTION 10
10.1 The two forces must be equal in magnitude v* but in opposite directions. v/ (2)

10.2  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)
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103 F= Qv
I,2
6
Fro e O1ONQUE10%) | _ 4510q
(x) x?
9 -6
Fugo (9x10 )(Q)(27><10 ), _ 63x10Q
(1-x) (1-xF
(Fret = Fra- Fva=0)
45x10°Q _ 63x10Q, 1 4 708(1 - x) = 7,937x 0 x = 0,46 m away from P (5)
X (1-xf
[9]
QUESTION 11
11.1
Criteria for sketch
Lines are directed away from the charge. v
Lines are radial, start on sphere and do not cross. v
(2)
112 Q=nev =(8x10")(-1,6 x10") v or (8 x 10'¥)(1,6 x 1019 =- 12,8 x 10¢ C
Net charge on the sphere Qnet= (+ 6 x 10¢) + (-12,8 x 10€) v =- 6,8 x 106 C
E_kQ L,
r2
= (9x10°)6.8x10) "
(0.5
= 2,45 x 10% NIC-'v towards sphere v/ (7)
[9]
QUESTION 12

12.1 Qnet—QﬁQz*Qs 0 -3x10°=

12.2 &(/%
Correct shape v
Correct direction v/
Lines must not cross and must touch spheres v

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'

-156x10° +Q +2x10° v JQ=+4x10°C v (2)
3

2.3
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124 | OPTION 1 OPTION 2
£-kQQ, , E, kQ (9x109x3x109)
r2 Ry 2
9 -9 -9 r (0.1)
= _[0x10°)8x10°)Bx10°), 2700 N.O v
= 8,1 x 10 N downwards £ _ka _(9x10°)(3x107)
= _(x10°)8x10°)8x107),, G (03)?
il | (0,3)? =300 N.C"
=9x 107N left
2 2
Fret? = (Fsp)? + (Frp)2 =Es +E5 (2700)* +(30)*
> > y _27m52NC1
Fret=vFsp)” +Frp orany
. F=Eq=(2716,62)(3x 109) v
Fu=yB1x10°)° +(09x107) - 8,15x 106N v
Fret = 8,15 x 106N v/ (5)
6
125 _Fy- 8,15x10°
q 3x10°
=2,72x103N-C" v )
12.6.1 SpherePorT v (1)
_ -9
1262 SPHEREP: ne= Qorne= 3 = =15X10™ g5, 100
o} e -16x107"°
mass gained = neme = (9,38 x 1019)( 9,11 x 1031 ) v' = 8,55 x 1020 kgv
SPHERE T:
_ -9
ne=90rne= Q = %\/=3,125x1010
q e -16x107"
mass gained = neme = (3,125 x 10'9)( 9,11 x 103" ) v = 2,85 x 1020 kg v’ (3)
[19]
QUESTION 13
13.1  The electric field at a point is the electrostatic force experienced per unit positive charge placed at
that point. v'v/ 2)

13.2 Q2 is 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 gz is positive.
OR Since Enet is zero,E1 and E2 are in opposite directions therefore g1 and gz are oppositely charged. (3)

133 E=49v

(9x10%)(3x10°) (9x10°)
(017 ~ (oar
Oe=+48x108C Vv (4)

13.4  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)

135 F= kQ 02 v

% v

(9x109)(3x10 Ja8x10*)

F
(0,37
=1,44x10°N Vv )
13.6 YesVv
Both charges are equal and positive v/ (2)

[16]
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QUESTION 14

14.1.1

Positive v/

1412 F=KAQ, v

r

3,05 = (9x10°)(6 x1046)0\/
0,2
Q=2,259x10¢C v (2,26 x 10 C)
14.1.3 T Accepted labels
wv' | Fg/ Fw/ weight/ mg / gravitational force
T Fr / tension
Fev | Electrostatic force/ Coulomb force/ F & Fieid
Fe
w
14.1.4 | OPTION 1 OPTION 2
Fnet =0 } T FE v
FE =TSin10° \/An one . °= . o
Fe = T cos80° y sin90°  sin10
3,05 = Tsin10°}/Any one T 305
= Tcos80° T= sin10°
14.2.1 The electric field at a point is the (electrostatic) force v experienced per unit positive charge placed at
that point. v/
14.2.2 Electric field at M due to A (+2 x10-° C):
k 5
E, =—9/ = 9x10°2X197)  _ 45 x105N-C (to the right)
r (02)°
Electric field at M due to B (-4 x10% C):
k
E; :—9 OR gs=2xQa
r
5
=9x109(4x10 ) v Es = 2x EAV
(02)?
=9 x108N-C" (to the right) =9 x 108 N-C-! (to the right)
Enetat M = Ea + Eg = (4,5 x108 + 9 x108) v = 1,35 x107 N-C-! v to the right v/
QUESTION 15
15.1 Q
n=- v A negative answer not accepted; substitute so
—4x1076 that a positive answer is obtained.
T Z1,6x10°1°
=2,5x1013 v/
15.2 k0,0,
F = 2 v
~ (9x107)(4x107°)(3x107°) L,
B 0,22
=27NV
15.3  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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15.4

15.5

FS/2025

OPTION 1
Electric field at M due to: -4 x 106 C
kQ
Em =0
_ (9x10°)(4x10°%)
1l 0,32
=4x10° N - C™* (to left)
Electric field at M due to: +3 x 106 C
kQ
Epu = =y
~(9x10?)(3x107°) y
- 0,12
=2,7x10% N - C~1 (to right)
Net electric field at M
Enet = Eam + Eam
=4,0x105-2,7 x108 v
= 2,3 x108 N-C! v(right)

OR

Net electric field at M

Enet = Eam + Eam
=-4,0 x10%+ 2,7 x108 v/
=-2,3x108 N-C*
= 2,3 x108 N-C' v (right)

OPTION 2
_ kQ,Q,
AM — rz
_ (9x10%)(4x107°)Q S,
- 0,32
= (4x10%)(Q)
_ kQ,0,
BM = T3
_ (9x10°)(3x1079)Q
a 0,12
= (2,7x106)(Q)
Fret = 2,7 x 108Q + (-4 x 10°Q)v" = 2,3 x 108Q
F
E=—v
Q
_ 2,3x10°Q
B Q

=2,3x10° N - C~1 v (right)

Positive
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15.6
(Fnet)? = (FaD)? + (FaB)? OR
(7.69)2 = (Fap)?+ (2,7)2 v kQ,Q,
Fao=7,2N Fipp = 2
I~ lezQz _(9x109(x1079Q
] B 0,152
9 -6 ’
— (9x10%)(4x107°)Q Y — 1,6x105 Q
| 0,152
Op=45x1076C v Free = |(Fls + F3)
7,69 = /2,72 + (1,6 x 106Q)% v/
Q =4,50x10°C v ®)
' [17]
QUESTION 16
16.1  The magnitude of the electrostatic force exerted by one point charge (Q1) 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/ (2)
16.2 v k0, Q, ,
7,-2
9x10°)(6x107°)(5x107°
12 x10-3 = OF10 xrz )Gx107)
r=0015mvY
16.3 ©
' N
T
Fe
w (4)
16.4.1 Up, parallel to the incline, is positive.
Fret=ma v
T+ Fe+wi=ma
T-1,2x10° v -(0,01)(9,8)(sin 25°) v =0
T=0,04N v (0,0426 N) @)
1642 Enet — ER + ES v
kQr  kQs
Enet = =tz
_ (9x10°)(5x107%)  (9x10M)(6x107°)
= (0,015 + 0,03)2 B 0,032
=-37777,78 N-C!
Enee = 37777,78 N-C~' v down the incline v (5)
(18]
QUESTION 17
17.1.1 Added v (1)
17.1.2
=y
de
_ —1,95x107¢
© —1,6x10719
=1,22x1013 v
3)
17.1.3 The (electrostatic) force experienced per unit positive charge placed at that point. v'v/ (2)
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17.1.4 k
ik,
r
~(9x107)(1,95x107°) ,
- 0,52
24 4 Clv
7,02x10* N - C 3)
7.2 [wEsT +
Fret =FqZ"'Fql
k k
- (+ Q1zQz) n (_ QIZQZ) 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 18
18.1.1 The magnitude of the electrostatic force exerted by one point charge (Q1) 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/ (2)
18.1.2
(3)
18.1.3 Positive v (1)
18.1.4 1 F2,p = Fp + Fs s = ne
kQ,Q,\* kQ10Q,\* 4,887x107° = n(1,6x10"1%)v
= ( 2 ) v+ ( 2 ) n = 3,05x10'3 electrons v’
9 -6 -6\ 2 9 -6 2
107 < (9x10%)(3x10~)(3x107%)\" N (9x10°)(3x107)Q,\"
0,12 0,152
Q, = 4,887x1076 C
(6)
18.2.1 1
E is directly proportional tor—z. :
OR
1
18.2.2 AE
Gradient = ——— v
A (l
7'2
680 v = _Ea-0 v
(507) -
0,042
E, = 425x10°5 N -C~1v
(4)
18.2.3 Greater than v/
For the same iz E is greater for sphere B. v'v/ (3)
T
[20]
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QUESTION 19
19.1  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/ (2
19.2  Negative v (1)
19.3

Fe Acceptable labels

wv’ Fo/Fw/w/weight/mg/ gravitational force /gravity

w Fev Felectrostatic /F/ Fmonn / Electrostatic force 2

19.4
_kQuon

7"2
(2,04x1073)(9,8) vV =
Qy = 2,33x1075C v

F

(9x107)(Qu) (8,6x10°%)
0,32

19.5.1 Equal OR The same v/ (1)
19.5.2 Opposite OR upwards v’ (1)

196 | OPTION 1: UPWARDS POSITIVE For

Evet = Ey + Ey E

kQu  kQy i

r2 rz

_ (9x109)(233x10°9) | (9x109)(8,6x107°)
- 0,42 0,12
=537x10* N -C!

E,et = 5,37x10* N - C™* v, upwards v

..................

Eper =

OPTION 2: DOWNWARDS POSITIVE
Epet = Ey + Ey

kQum  kQy

-t T ;

T T
9 -6 9 -8
_(9x107)(233x10°) | (9x10°)(86x10°F)
0,4% 0,12
=-537x10*N-C~?!

Enet = 5,37x104 N - C_l \/; upwards v (5)
7]

Eper =

QUESTION 20
20.1  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/ (2)
20.2 Marking criteria
Correct shape v

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

20.3 Fe kQYZQX v

T
_ (9x10°)(7,2x107°)(7,2x107°) S,

0,032
=5,184x107* C v

204 <« ‘

Ev v Ezv )
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20.5  |OPTION 1

Epet = 56"‘ Ey kQ
VA Y
=L r_z‘/ ’ r_29 9 9
(9x10%Q,  (9x10°)(7,2x10~%)
5/ — —v v
4,91x10 R 0,032
0, =6,25x107° C v
OPTION 2
F
E=—V Foet = Fzonx + Fronx
¢ v kQzQx  kQyQx
4912105 = —— Tre =5+ 3
S T 7100 " (0x109)(7,2x10-9)Q,
Fpor = 3,54x1073 N 3,54x1073v = e v —v518x107%

Q, = 6,26x1079 C v

QUESTION 21

211 Electric field is a region in space in which an electric charge experiences a force. v'v/

21.2 (

] SN

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/

213 |OPTION 1
K
£ r_f v RIGHT AS POSITIVE
9x10°)(3x10~° Enet = Ea + Ep
g, = &% )r(z *¥107) 5 _ (9x107)(3x107%) | [ (9x10")(3x10“’)] ,
(9x10°)(3x107%) - r (2r)?
DT @y rooeTmY
OPTION 2
K
Fe erzQz v RIGHT AS POSITIVE
9x10%)(3x10~° Frer = Fa + g
p, = ZIERI@ 17 = CXLODGEI0)©) | [ (9x109)(3x10—9)(0)] ,
(9x109)(3X10_9)(Q) , - r2 (21‘)2
.= VO r=087mv
214 ToPTION 1
F=EQY
= (27)(1,6x1071%) v
=4,32x10"8 N v
OPTION 2
ke,
r2
RIGHT AS POSITIVE
Free = F4 + Fp
_ (9x10%)(3x107°)(1,6x1071%) (9x10°)(3x10~)(1,6x10*)]
= 0872 - (2x0,87)?
=4,28x10"8¥m v
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QUESTION 22
22.1.1
Criteria for sketch
< » | Correct shape v
Correct direction away from charge. v
22.1.2 @
e,
-r-2
~(9x10°)(4x107%) ,
B 0,0252
=5,76x10*N-C 1 v (3)
22.2.1 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/ 2
2222 [OPTION 1 ko?
Fgv = wtan9° Fp = —z v Qp = 2x1,44x107* v
= (0,012)(9,8)tan9° v (9x109)Q2 = 2,88x10_7 cv w
=0,0186 N 00186 =—— v
0,102
Q =1,44x10"7C Fe
OPTION 2
w=mg Fp =T, Qp = 2x1,44x107* v T
=(0,012)(9,8) kQ? o =2,88x10"7C v w
=0,1176 N —z ¥ =Tsin9°v
T,=w (9x10°)Q? .
- ‘* = oy F
Tcos9° = 0,1176 N v 007 (O119D)sind F
T=01191N Q =1,44x1077C (6)
[13]
QUESTION 23
23.1
=X,
T'Z
_ (9x10%)(2x107%) ,
B 0,062
=5000N-C v (3)
23.2 S~ | Criteria
1 e ™\ Correct direction of field lines. %
1Y \ _.' / T .
A\ /,//_’:‘_'_‘__\\ |/ A Correct shape of the electric field lines between v
e H{\—‘- - = ——— charges and on the outside of the charges.
/ (N~~——) \ No field lines crossing each other. Field lines must v
f R T = o X touch the charge, but not go inside the charge. 3)
23.3.1 The magnitﬁa'é_ of the electrostatic force exerted by one point charge on another point charge is

directly proportional to the product of the magnitudes of their charges and inversely proportional
to the square of the distance between them. v'v/

23.3.2 Positive

2333 kQ:Q, kQ:Q,
Fsont = r2 v FPonT=r—2
_ (9x10°%)(2x107°)Qy “— v > — (9x10%)(2x107°)Qy
0,022 0,062
Right as positive: Left as positive:
Fnet = Fpont + Fsont OR Fnet = Fpont + Fsont
—2,5x107*v =5 000Q; + (—45 000Q;) v 2,5x107*v = =5 000Q; + 45 000Q; v
Qr =6,25x107°C v Qr =6,25x107°C v (5)
[14]
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ELECTRIC CIRCUITS
QUESTION 1
1.1.1  Maximum work done (or energy transferred) by a battery per unit charge passing through it. v'v’ (2)
112 12V v (1)
113 0V./Zerov (1)
1.14 OPTION 1 OPTION 2
e=I(R+r) OR €= Vet + Vinv V=IRV
12 = 11,7 +Ir 0.3 = I(0,2) v
0.3 = [(0.2) v lot=15AY ot=15AY )
— LI IR P
115 = I TRET- 1R=60Q 2)
1.1.6 OPTION 1 OPTION 2
V=IRVv V=IRY
11,7v =156+R) vV 11,7=15R Vv
R=1,8QV R=78Q0 andRr=7,8-6vv =180V (4)
1.2.1 OPTION 1 OPTION 2 OPTION 3
Pave = Fvave v'= mg(Vave) W AE, + AE W AE
= (0,35)(9,8)(0,4) v P= —te = K X P P= o= Atp
=137 W v
0 +(0,35)(98)(04 -0) . (0,35)(9,8)(0,4) L,
1 1
—137 WV —137 WV (3)
1.2.2 OPTION 1 OPTION 2
P=VI \2
1,37=3)I vV = R
=046 A v'Any one 32 v'Any one
€ = Vext + Vint 1,37 - R
= V1 + Vx + Vint R=6,57Q
12 =V1+ 3 +(0,2)(0,46) v P =VI
V=891V 1.37=3) v
I=0,46 A
Vr=IRr e=I(R+r) (5)
891=(046)Rtv o Rr=19,37Q Vv 12 =0,46(6,57 + Rt +0,2) v oRr=19,38Q v [21]

QUESTION 2

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

at constant temperature. v’
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21.2 R
Graph of potential difference versus current
5,0
@ 4.0 Q
o
c
o
K] N
T 3,
- N\
c
2
& 2 \
1,(
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/ (@)
2.1.3 5,5V (Accept any value from 5,4 Vto 5,6 V.) NOTE: The value must be the y-intercept. (1)
A .
214 Slope=—vor Y2 Y1 - 55-0 ,_. 1,2 o Internal resistance(r) =1,2Q v
N Xp - X, 0-4,6
NOTE: Any correct pair of coordinates chosen from the line drawn (3)
221 V=IR021,84=Tt(8) v 0 ltt =2,73 A v (3)
opp -1,V T 1,1 R=-12av )
R, Rz Ry R, 30 20
223 OPTION 1
Rot=(8+12+nNv =(20+ 1)
E=IR+N v 060=273(20+n v 0O r=1,98Qv
OPTION 2
Vi=Totx Ry =2,73(12) v = 32,76 V
Vierminal = (32,76 + 21 ,84) 4 OR € = Viost+ Vy+ Vg
=546V 60 = (Viost + 32,76 + 21,84) v/
“Vlost" =60 - 54,6 = 5,4 \Y Vlost = 5,4 \Y
V=IR 054=273ror=198Q+v (4)
224 OPTION 1 OPTION 2 OPTION 3
V2 W = PRAtY W = VIAtV
=g oY =(273)2(20)(02) v | =(54,6)(2,73)(0,2) v
, =29,81Jv =29,81JVv
W = (546)" (0,2)v =29,81 Jv 3)
20 [20]
QUESTION 3
3.1.1 P and Q burn with the same brightness v" same potential difference/same current. v/ (2)
3.1.2 P.is dimmer (less bright) than R./R is brighter than P.v’

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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3.1.3 T does not light up at all. v" R is 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)
3.2.1 1 1 1 1 1
—=—+— v = —+— ~ R/=333Q (3,333Q)
OR
Ry = RsR1o v = (5)(1 O) v=333Q (3,333Q)
Rs + Ry, (5+10)
Rit=Rs+Ry+r =(8+3,33+1) v R=Rs+R/=8+3,33=11,33Q
=12,33Q
V 20 €= |(R + I’)\/
hot=h/=w/=1,62A 20 =1[(11,33 + 1)V] v
' l=162AV
Alg=1,62AY (6)
3.2.2 OPTION 1
V=IR v'Any one
Vs =€ — (Vs + Vi)
=20v —-[1,628+1)]v =542V Vv
OPTION 2
5)10) V=R v
Ry = ( =3,33Q > — Vv
(5 +105 ’ = (1 ,62)(3,33)
R 33) =539VVv
Vg, = tht *Vigr ¥ VA= 1023 (20)vv =541 vv
3.2.3 OPTION 1 OPTION 2
P=IVV P=1PRVv
Pt = Psa + Py + P1a
= (1,62)(20) v = I2(Rs +Ry+ R1) (3)
=324W Vv =(1,62)?[8 +3,33 + 1)] v =32,36 W v [19]
QUESTION 4
411 The potential difference (voltage) across a conductor is directly proportional to the current in the
conductor at constant temperature. v'v’ (1)
4.1.2 Equivalent resistance v (1)
A .
4.1.3 Gradient = N 025 00 v =4 (Q) v NOTE: Any correctly chosen pair of coordinates. (2)
414 OPTION 1 OPTION 2
InseriesR1 + R2=4Q v............... (1) Forgraph X: Ri + Re=4 v .......... (1)
In parallel RiR: _yqvev ... 2 For graph Y: J_1,1
Ri+R; R, Ri R
R1 RZ = 4 Q 1 1 1
~Ri=R2=2QV —+— :[—) VY et Ll (2)
Ry R» 1
R?-4R+4=0 .R,-20v @
\
424 l==v=_5% -5, _ggav 3)
R (Rm +Rn) (6)
4.2.2 OPTION 1 OPTION 2
€=I(R+r)v =0,83[(6 +1,5) v+ 0,9v] €=(Vs+ Vi+ Vi) vV / Vext+ Vint
= [5+ (0,833 x1,5) v+ (0,9 x 0,833)] vv
= - v _ [
6,997V =7(000 V¥ (6972-7.00V) | _ 5999y _7(00)Vv (6,972 7.00 V) 4)
4.2.3 The resistance Ry willbe 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 5

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

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

5.2.1 1 1 R=10+6+2V VvV,
— - + — R___. v
Ry Rie Ry =180Q |
L:l+l.{ 6
R)110 15 =5
R =033AY

5.2.2  Decrease v
The total resistance of the circuit increases. v

5.2.3 Increase v

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

QUESTION 6

6.1.1  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.
6.1.2 Vi=IRv =(0,6)4) v =24VY

6.1.3 OPTION 1 OPTION 2 OPTION 2
vV 2/ 6 Vaa = Vea ~  laaR1 = lsaR2
ko=~ =<5V 20 —()=06v (0.6)(4) = lea(6) v
F 6 10 lea=04AV
21=1A “lea=04AY e ="
6.14 V2=IR=(0,4+0,6)(58) v =58VV
6.1.5 OPTION 1 OPTION 2
Vet =(58+2,4)v =82V 1 1 1 J J § R.-240
Vine =1r — = —+— 6 4712 “Rp =2,
- (1)(0,8) v =08V R, R R
Emf=0,8+82=9Vv Rext = (2,4 +5,8) v =8,2
Emf =I(R+71) = (82+08)~/ 9V v
6.1.6 OPTION 1 OPTION 2 OPTION 3
W=VIAtv W =IPR At vV 2 2
= (0.8)(1) (15) ¥ =285 v | W= VRN“= 0’80(;5)“=12~'“
=12JV =12J Vv ’
621 R-Y_-B,_sqv
| Q7
6.2.2 Increases v
Total resistance decreases,v” current/power increases, v" motor turns faster
QUESTION 7
71 The battery supplies 12 J per coulomb/per unit charge. v'v/
OR The potential difference of the battery in an open circuitis 12 V.
7.2 OPTION 1 OPTION 2 OPTION 3
Viest=1Ir v/ = (2)(0,5) =1V e=l(R+r) v e=I(R+r) vv
Vext = Emf— Viost = (12-1) v =11 VvV 12 = Vextreks +(2)(0,5) v/ 12=2(R + 0,5)
Vext/eks =11V R= 5,5 Q
V=IR=2(5,5) v
=11VVv
7.3 OPTION 1 OPTION 2 OPTION 3/OPSIE 3
R—V/—11 _550v 05:R=1:11Vv 1 11,
2 R=550Q~ 05 R
R=55Qv

FS/2025

(@)
(@)

3)
[15]

()
(3)
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OPTION 4 OPTION 5
Viotal = |Rtotal €= |(R + I')
12 = (2)Riotal 12=2(R+0,5) v
Rtotal=60 R=5,5Q\/
R=6-05v
=55QVv (2)
7.4 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 [ Vexieks decreases (4)
1]
QUESTION 8
8.1 Temperature v/ (1)
8.2 r=3Qvv (2)
8.3 Any correct values from the graph
OPTION 1 OPTION 2 OPTION 3
¢ = slope (gradient) of the graph v/ € e=l(R+r v
_75-(8) =1 =0,5(11+3) v
1’5_0 75 = 1,5¢ -3 v £=7V‘/
=7VY e =7VVY (3)
[6]
QUESTION 9
9.1.1  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. (2)
9.1.2 :V72‘/ =@/ P=VI P=VIv
R R 6 =(12)(I) 6 = (12)(I)
, (12°() O1=05A 01=05A
g 12F 6="1 P=I2Rv V=IR
- R R=24 Q v 6=(052RY 12=(0,5R v
R=24QVv R=24QVv R=24QV (3)
9.1.3 OPTION 1 OPTION 2
1 1 1 Rext = (Rs + R//)
R, ~ R, R, I B
11 R, R, R,
= — 34—V 1
24 24 — ~ Ri=12Q
Ri=12Q 24 24
Rext = (Rs + Ry) Rext=(24 +12) v =36 Q
Rext = (24 +12 v 2
= (36 Q ) P=IR = V? v
V=IR OR e=IR+rnv ( )2
12-1(36 + 2) v PE6+2)=12L v
I=0,32Av (0,316 A) 38
[=0,32AV (0,316) (5)
9.1.4 OPTION 1 OPTION 2
V=IR V=IR
V = I(Ra+r) For the parallel portion (or from 8.1.3):
=0,316(26) v 11 1
_ 8216 V (8,32 V) RR'R OR R= FTFZE
Vi =(12-8,216) v R 2424 ., o
= 3,784 V(3,68 V) 48
OVe=3,78V (3,68V) v Vi=Vc v

V = IRy=(0,316)(12) v = 3.79 V (3,84 V)V

OPTION 3

la=lg+lc =218

0,316 =2Ig v

le=0,158 A

V=0,158 (24) v =3,79 Vv

(3)
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9.1.5 OPTION1
V 2

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

Since the potential difference across

FS/2025

light bulb C is less than the operating voltage, v

the output/power will be less. v/
OPTION 2

P =12 R OR For a given resistance, power is directly proportional to 12. 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 I. 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.
9.2.1 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/

9.2.2 The currentin B is equal v' to the current in A. The circuit becomes a series circuit. v/

QUESTION 10

10.1 Maximum work done (or energy provided) v' by a battery per_unit charge passing through it. v/

10.2 13VVY

10.3.1 R =\I/\/ ~ 5,6 = 10,5

v .1=188AVv (1875A)

10.3.2 [ OPTION 1
P=VIv
= (10,5)(1,88) v
- 19,74 W v (19,688 W)

OPTION 2

P-I2Rv
(1,88)2(5,6) v
19,79 W v (19,688 W)

OPTION 3
V 2
R 56

po_v 105" ,_ 1979 W v (19,688 W)

10.3.3 [ OPTION 1
E-IR+nv
13=1,88(56+1 v
r=131Qv

OPTION 2

r= Vintemal /=2’5 \/=1,33§2‘/

I 1,88

10.4.1 Decreases v
Vintemal resistance/ Internal volts increase v/

10.4.2 [ OPTION 1

E=IR+n v

13 =4 (Rext + 1.31) v
Rex=1,94Q (1,92 Q)

R2=297Q (2,92 Q)
1
= — v
5(2.97)

-1,490Q v (1,46 -1,49 Q)

OPTION 2
E-I(R+1) v
13=4(Rexl+ 1,31) v
Rext= 1,94 Q (1,92 Q)
R, R,
PTR, 4R,
104 _56R, ,
56 +R,
R2=2,97 Q (2,92 Q)
1
= —(2,97)v
5(2.97)
-1,49Q v (1,46-1,49 Q)
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OPTION 3 OPTION 4
€E=IR+1) v E=IR+r1) 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)
[ Y2y ALE _R/R,
RILILIR, R, p_R1 +R,
1 11 (56)(2X)
Sy - A Sl AV
194 ~ 56 " 2X 194="56 +oxv’
oy ae Q(2920Q) (1,94)(5,6 + 2X) = 11,2 X
X=l(2,97)~/ X=149Q v
2 (5)
=149 Qv (1,46-1,49Q) [19]

QUESTION 11

11.1 (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.
11.2  Energy (per coulomb of charge) is converted to heat in the battery due to the internal resistance. v'v'  (2)
11.

3.1

11.3.2

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

OPTION 2

_ RiRy
PR, +R,
_(25)(15) L,
P 25+15
Rp =9,375Q
Rext= 9,375+ 4 v=13,38 Q v
(13,375 Q)

11.3.3 OPTION 1

E=I(R+n v
= 3(13,38 + 0,5) v

=41,64V Y (Range: 41,625 —41,64)

OPTION 2
€= Vexl/+ Vim 4
=(3)(13,38) + 1,5 v

=41,64V Y (Range: 41,625 —41,64)
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1 1 .4 Yesl v
For the same voltage/potential difference, v/
a larger current will flow through a smaller resistor (I = %) v
OR
la %/, V = constant v/
| is inversely proportional to R and V is constant.
OR
V) =IR
=(3)(9,38)
=28,14V
- —V—28'14—113A\/
R=p= 5 = b
| —V—28'14—188A\/
BTRT 15
OR
V is the same v
I 25I
150 = 7
40
Lsq = 15I Y
250 — 40
)
11.5 Remains the same. (1)
[18]
QUESTION 12
12.1 (a) electrical energy
(b) unit charge (2)
12.2
RS = Rl + Rz
=443V
=70
1.t
R, Ry R
111,
R, 77
R,=35QV
P (4)
1231 Iswitch open Switch closed 2,8+ 0,4r = 2,629 +0,751r v
vV vV r=049Q0 v
ZRS 2R63
=V -2
! 7 ! 3,5
=044 =0,7514
e=IR+7)V e =IR+71)
e=047+nr) v £ =0,751(3,5+1) vV
e =28+04r e =2,629+0,751r
8)
12.3.2 |¢ =2,8+0,4r g =2,629+0,751r
=2,8+ (0,4)(0,49) v OR = 2,629 + (0,751)(0,49) v
(2
[16]
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QUESTION 13
13.1.1 12V YV (1)
13.1.2 0V VY (1)
13.2  The rate at which work is done or energy is expended/transferred. v'v/ (2)
133 | OPTION 1 OPTION 2 V2
P=IRV P=%"
5,76 = (1,22)R v 4,8)2
R=4Q(~/ ) 5,76=(R) v
P=VI R=40Y
5,76 = (1,2)V
V=48V OR
V=RIV
48=R(1,2) vV
= v
13.4 1 1 1
R, R, R,
1.1
R, 6 84
Rp 3,50
=35+4v =750V

1835 |V, =LRp = (1L,2)(35) v =42V

L v
R V,=IRY

0,5)(6)v

3V v

4,2
8,4
054

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

Vinternal /Internal voltage (“lost volts”) increases. v/
Vextemal /€xternal voltage decreases.
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14.1 A conductor (resistor) which obeys Ohm's law. v'v/

QUESTION 14
14.2.1
A
32
= v
£ I
1=08AY

14.2.2 | OPTION 1
e=IR+1r)V

=10V v

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

OPTION 2
Ve = IR
= (0,8)(8)
=64V
Vore = 3.2 + 6,4
=96V

Vint =1Ir
=(08)(0,5) v
=04V

Vemf = Vext + Vit ¥
=96+04V
=10V Vv

1431 [, _10_gg
=12V
Vine = Lot
1,2 = 1,,(0,5) v
Lot = 2,4 A
%
Lserie branch = E
_88
8+ 4
=0,733 4

Iz = Lot — Lserie branch

=24-0733Y
=1,667 A

R=—

14.3.2 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 15

FS/2025

(@)

(3)
(17]

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

15.2.1

1 1 1
Rt Rext = Rp + R,
o —0833+4v
_ii1ly = 483307
175
Rp = 0,833 O
15.2.2 | OPTION 1 OPTION 2
V. V. %
Roe = — v Rp=—2V R,=— V,=V,+V
1{; 1]; v ’{, = 2916 + 14
N, 2 SN — 16,916V ¥
4833 = o 0,833 = 2= =33
Vv, = 16,916V v V, =20916V V=14V

15.2.3 Smaller than v

15.3.1 Maximum energy supplied by the battery per unit charge. vv' OR

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

15.3.2 No v

15.3.3 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/

15.4.1 Decreases v
15.4.2 Increases v’
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FS/2025

15.5  When the voltmeter is connected:
» 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’
«(Total) resistance of the circuit increases. v/
»  Current in circuit decreases. v/
*  Vintema/ Internal volts/ Viest decreases. v/
»  Therefore, external volts increase for a constant emf. (4)
[20]
QUESTION 16
16.1 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)
16.2.1
OPTION 1 OPTION 2
4 14 |4
R=—\/ R=—\/ R=-— VT=V1+V2
I I I =3+75
_v, v 5 - V., =3+7 .
7_E Z_E =13 =105V
V=105VVv V=3V V=75V
3)
16.2.2 | OPTION 1 OPTION 2
R %4 v 1 _ 1 + 1 R = %4
I Re Ry Ry r
10,5 1 1 10,5
=—"v =—4_V =—"v
3 A 7 + 3 2,1 I
ILb=35A Rp=210Q I =5AY
I; =15+35v =54V (4)
16.2.3
OPTION 1 OPTION 2 OPTION 3
p=VIv P=I?RV v
=105)35 Y || =65 |[P=F
=36,75W v =36,75W v _ 10,52
-3
163 |OPTION 1
1 1 1 (1)=() L
-4 5(2,1+r) =3643 +r)
Re lfl R, > r =0,309 Q
~7%3
R. =210 e=I1(Rp+71) OR e=I(Rp+71)
P =5(2,1 4 0,309) = 3,64(3 + 0,309)
Siand S; closed S2 open =12050v )04 e
e=IRp+1r)v e=IR;+71)
=521+ ..(1) =3,64(3+1)v ..(2)
OPTION 2
1 _ 1 4 1
Re Ry R,
1 (1) =(2)
=-t3 —> £-105 _£-1092
Rp=2,10Q 5 3,64
£e=12,04QV
S1 and S; closed S2 open
e=IRp+1r)v e=IR;+71)
=502,1+71) =3,64(3+7r)
e—10,5 e—10,92
r= v (1) FZW‘/ (2)
: (5)
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16.4 Increases v’

Total resistance increases. v’

Current decreases. v/

Vinternal /Internal volts decreases. v/

QUESTION 17

171 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.

17.2.1
L SR
Rpuszy Ri R, 1 1 1
1 = —
=4+ Vv R R R
10 + 10 ext 1&2&L 3
Rp(l&z) = 5 Q = E E
=750V
Rig281 = Rpis2) + Ry
=5+10V
=15Q
17.2.2 |OPTION 1 OPTION 2
e=IR+1)Y 4 v
12 =1(7,5+0,5) v k=7
_ 12
I=75AV 7'5+0'5=T‘/
[=75AY
1723 1, Ve — OPTION 1
ext — IT P — IZR v
® =75 =844 W v
Voe = 11,25V
OPTION 2
AND &
L P=—1v
Vext 1 R
3= I I3 = EIT B 11,25% v
11,25 OR 1 - 15¢
15 = — =-(15) =844 W Vv
fs = % 75 A
I;=0,75A =0, OPTION 2
P=VIV
_J = (11,25)(0,75) vV
=844 W v

17.3.1 Increases v’

17.3.2 Total resistance of the circuit increases and current in circuit decreases.v’
Vinternal/internal volts/Viest decreases and Vexeerna/external volts /VgL increases. v/
Power output increases v therefore brightness increases.

QUESTION 18

18.1  The resistor/Rz is short circuited. OR Current follows the path of least resistance. OR

Branch with switch has no resistance. v/

18.2 Vo,
Iy
Vint
02 =g v
Vine = L1V
V=12-11
=109V

OR

e=IR+1r)v
e=V+Ir

12 =V + (5,5)(0,2) v
V=109V

1
I, = (§) (55)v =1,833 4

Ry = —
Y IY

_ 10,9 v
1,833
=595Q0Vv
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183 |OPTION 1 OPTION 2
Iy = 2I Ve v
X = 32T Py = R_X
2
() o
= 3,667 A 7 X 5,95
= v
= (10,9)(3,667) v OR B 1
—39,97 W v = (3,667%) (5 x 5'95) ¥ |Range: 39,84 W ~ 40 W
=40W VvV I
(4)
18.4 Vy L, |
YT Range: 7,70V ~ 7,75V
Vy
=L v
5,95 13
Vy =774V Y
! 3)
18.5 Determine R; with both S; and S; open: V. v,
e=IR+1r)Y r:I’—"t\/ Ry =1
12 = 13(R+0,2) v T 4
R=19,030Q 02=-2Lv = v
OR 1,3 1,3
R=R,+R, Vine = 0,26 V = 3,077 Q
9,03 =595+R, v
R,=3080 Emf =Vz +Vy + Vige
Zm = 12=V;+ 7,74+ 0,26
V, =4V
Determine Iy with S; open and S: closed:
1 _ 1 + 1 R £
R» Ry Ry "I
= + ! 526 = 12
~ 2,975 595 T,
Rp =19830Q I =228AY
OR
RTZRP+T'+RZ £=1(R+T')
=1,983+0,2 + 3,077 v e=I(Rp+Ry;+7)
=5260Q 12 = 1(1,983 + 3,077 + 0,2) v
1=228AY (6)
[19]
QUESTION 19
19.1  The rate at which work is done/dissipated OR energy transferred. OR Work done per unit time. v'v/  (2)
19.21
OPTION 1 OPTION 2 P=I?RV R = K v
P=VIv p V2 48 =1%(21,333) v OR <Y
48 =321 v =7 I=154v _32
I = 1,5A v 322 / 21,333 = i
48 = —- [=154Y
R =213330Q (3)
19.2.2 OPTION 1 OPTION 2 P =1I?R R = v
For L4 For L, 36 =1%(11,111) v OR ]
P=VI V2 I=184
- ’ = v
36 = 20/ v P=3 __— 11,111
I=18A4 36_202 I=18A4
"R
R=11,111Q
I; =15+1,8v =334V

Physics Revision Book: Answers
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19-2.3 | opTION 1 OPTION 2 , Y
vV V =T
— =—v R
Ry =+ R=7 2 = 20’
e 32—-20V _ 2 v =R
1,8 v 1,8 R=11,111Q
=6,67 0V =17,777 Q R, =17,777 — 11,111 v
=6,67QV
(4)
19.2.4 -
R, = . _ Vint Emf = Voy + Vit ¥
Ir "= =452+198 v
yaa—. A Vine - = 4718V v
33 0,6 = v
V=132V 33
’ Vipe = 1,98V Range: 47,16 V ~ 47,19V
Ve =32+132V OR
=452V e=I(R+1)V =IR+1Ir =V, +IR
~e=1452v 4 (3,3)(0,6) v
=4718V Vv
(5)
19.3 NoVv
Show that the total current is greater Ry =7r+R,+R,
than 1,5 A. =0,6+21,333+4
- = 25,933 0
Originally for L2: €
V VZ RT = - \/
R =— P=— IT
. 3{?22 _4718
zﬁ‘/ OR 48=?\/ 25,933 = .
—213330  R=213330 Ip=18247
OR
e=IR+nVv
47,18 =1(21,33+4+0,6) v
I1=182AV (5)
[21]
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ELECTRICAL MACHINES
QUESTION 1
1.11atobv (1
1.1.2 Fleming's left hand rule /Left hand motor rule v/ (1)
1.1.3 Split rings /commutator v/ (1)
1.2.1 Mechanical/Kinetic energy to electrical energy v'v/ (2)
1.2.2 OPTION 1 OPTION 2
V 430 Vmax = |maxR ‘/
Vrms = % v = f v = 304,06 V 430 = |max(400) v
v 406 Imax = 1,075
|=h/=330’8 v =076AY Tms = 1ms¥ = 1075 _g76 A v
P
OPTION 3 OPTION 4
Vims = vmax v = 480 _ 304 06 v Vims = Ymax v = 480 _ 304 06 v
V2 V2
2 2 2 2
Poo = ms = (304.06)7 _ 534 43 Poo = ms = (304.06)7 _ 534 43w
R 400 R 400
Pave = |rmsVrms \/ Pave = |2rmsR ‘/
231,13 = Ims(304,06) v O lms = 0,76 A v 231,13 = I>ms (400) v O Ims=0,76 AV (5)
[10]
QUESTION 2
2.1.1  DC-generator v’

Us§s split ring/commutator v/
2.1.2 ] OR T
> > >
= = time (s)
: :
© e
(0} [0}
(& o
> >
© ©
£ £
Time (;s) Curve starts at zero to first peak. v
Shape and one complete DC cycle. v/
2.2.1 OPTION 1 OPTION 2
V V 340
Vrms = \72 = T = 240 416 V Vrms = \7? = —2
Pave = VrmsIrms Pave = VrmsIrms ‘/
= J
B00 = I 240,410 800 = 3\‘2_ Ims ¥ 0 lms = 3,33 A
OPTION 3 OPTION 4
2 2 2
P - Vrms — _Ymax Vmax Pave =Iymg R v
ave R 2R 2
(340)2 800 =1 rms (72,25) v
800=—F—-,— 0OR=7225Q Irms = 3,33 AV
(\/E)ZR rms
Vrms = IrmsR ‘/
Ims = 2202418 /333 v
72,25
222 OPTION 1 OPTION 2
For the kettle: Vool
Pave = Vimslims v Pave = VimsIrms v = %
340
2000= =——=1,,. v O Ims=8,32A 340
J2 om0 2800 =~ Lingc 1 Inax = 16,47 A
Ttot = (8,32 + 3,33) v I 16,47
Ims = —max_ = 270 v 5[ =11,65 AV
— 1 1 ,65 A / rms \/E \/E rms

(4)
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QUESTION 3
3.1.1  R: armature/coil(s) v
T: Carbon brushes v/
X: Slip rings v/ (3)
3.1.2 Faraday's Law v (1)
321 15Vv (1)
3.2.2 OPTION 1 OPTION 2
Vrms= |rmsR V - Vmax
~ 15 rms \/E
Irms T E v
=0,333A vany one Vmax = (15) \/E v v'any one
e =21,213V
Irms - \/E Vmax = |max R
21,213 , 047 A v
Imax =(0,333) \/E V= 0,47 A v Imax = 45 S (4)
[l
QUESTION 4
4.1 Slip rings v/ (1)
4.2
Marking criteria
— Sine graph starts from 0. v
< 0 —» Two complete waves (betweentoandty) | v
w \/ t1 \/tz t (s)
()
4.3 Any TWO:
Increase the speed of rotation. v/
Increase the number of coils (turns). v/
Use stronger magnets. (2)
4.4 The AC potential difference/voltage v* that produces the same amount of electrical energy as an
equivalent DC potential difference/voltage. v/ (2)
4.5 OPTION 1 OPTION 2
Pave = lImsVims v/ V2 2402
1500 = limsiwak(240) v Pave = —~ 0 1500 = OR=3840Q
1500
Ims= —— =6,25AVY V 240
, v _etY v
240 [rms R~ 384 6,25 A @)
[10]
QUESTION 5
5.1.1  Mechanical to electrical v (1)
51.2 A A
£ A C . A,
= B D OR o | i t(s)
o )
8 ! . Q ! !
=] ' ) i i
] | ! 3 [ i
< : ! = | ;
! ! > B P
A c A t(s)
Criteria for graph
Correct DC shape, starting from zero v
Positions ABCDA correctly indicated on the graph v
(2)
521 20,5QVv
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522 | OPTION1
Vv
lms =~ = 257 _ 4 55(1,2195) A
R 20,5
Pave i Irm52 R Pave = Irms‘2 R‘/ W = I rms RAt
=(1,22)2(0.,5) = (1,22)2(20) v = (1,22)2 (0,5)(1)
=0,74 W =29,77 WV =074J
v 2 2 OR 2
AT — o Y = (25) v 20 ¥ Pave = Vim = (25) v
R 20,5 Vims device = x 25 R 20,5
= 30,49 W 20,5 = 30,49 W
Actual energy delivered per =24,39V Actual energy delivered per
second(power) = (30,49- 0,74) Pave = Vimslms v/ second(power)
=29,75W v = (24,39)(1,22) = (30,49 — 0,74) = 29,75 WV’
=29,76 WV
OPTION 2
2 ¥
Vims device = - 25+ = 24,39 V P, = ms¥Y o 439¥ 5974w v (5)
205 R 20/ [9]
QUESTION 6
6.1.1 ANY THREE
Permanent magnets; coils (armature); commutator; brushes; power supply/battery (3)
6.2.1 The AC potential difference/voltage v that produces the same amount of electrical energy as an
equivalent DC potential difference/voltage. v (2)
6.2.2 OPTION 1 OPTION 2
Vims = IrmsR V. = Vinax
240 = I.,,s(11) v v rms = \/7
Ims = 21,82 A v
240 =
s = 11X Vs = 339,41
rm \/E
max V. =1 R
21 82 = max max
V2 339,41 = I,,4,(11)
Imax = 30,86 AV Lnax = 30,86 A
4)
[9]
QUESTION 7
7.1.1  Split ring/commutator v/ (1)
7.1.2  Anticlockwise v'v' (2)
7.1.3 Electrical energy v'to mechanical (kinetic) energy v’ (2)
7.2.1  DC generator: split ring/commutator and AC generator has slip rings v/ (1)
722\ _ Vuu V=320 vV =22627VV (3)
ms \/E \/é
_V ] I
723 |, =-mx =320 V=914 A |, =-max V=914V =646AY (4)
R 35 J2 2
[13]
QUESTION 8
8.1.1 Yto/naXv (1)
8.1.2 Faraday’s Law Electromagnetic Induction v/
OR Electromagnetic induction/Faraday's Law v/ (1)
8.1.3 Mechanical (kinetic) energy v'to electrical energy v’ (2)
821 340VV (1)
822 v =Vmmes v =30 v [ Vingug=24042V v 3)
rms/wg \/E \/E
8.2.3 | OPTION 1 OPTION 2
V2 Jwak V2 maximak
_ ms / w v 2 max/maks
Pave/gemid - R : Pave/ omid = M\/ 2 - Vzmax/maks
1600= (22042 * v [JR=36130v : R 2R
R [ 1600= @a0y: v LR =36,130 v (3)
2R 1]
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QUESTION 9
9.1 Slip rings v/ (1)
9.2 BV (1)
93 \V; — Vmax/maks v = 312 v = 220,62 V v (3)

rms/wg \/5 «/E
9.4.1 OPTION 1

2

pLIIL :7\/""5””9" v = (22062) * v = 1216,83W v

aver / gemi R 40

OPTION 2

v’ any one

=5,515
Pave = |2rmsR
= (5,515)%(40) v’
=1216,61 W Vv
OR
Pave = Vimslms = (220,62)(5,515) v/ = 1216,72 WY (3)
9.4.2 OPTION 1 OPTION 2
V X Pave = Vrms'rms
Imay = —magnate. ' 1216.83 = 220,62 lms
312 lims = 5,515 A v' Any one
= TO vV lrms = Imax/maks
J2
=78AV |
5,515 = Imaxmaks vVoon lmax = 78AV
2 (4)
[12]
QUESTION 10
10.1.1 DCV (1)
10.1.2 Emfis induced as a result of the rate of change of magnetic flux linked v'v* with the coil. (2)
10.1.3 A
OR A
S
() —~
S 2
5 > o time (s
g time (s) > ( ):
H 2
5 Marking criteria for graph: 5
(o]
Correct shape and one cycle. | v s
Loops of equal height. v a
(2)
10.2.1 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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10.2.2 | OPTION 1 OPTION 2 OPTION 3
V2 v W=I2RAt‘/ Pave _IrzmsR v
W=t ?ooI =12 <§%OX10> 500 = [2ms (200)
_ oy = Ims = 10
= 200(10)/ L |rms—05A
ave rmsrms L
500 = Vims(0,5)v ave rmsrms
V= Vims =100 V s
Ly 500 = Vims(0,5) ¥ = Vims = 100 V
Vrms =100V
Vims = max ‘/ . 100 = max v . Vmax = 141,42 Vv
(5)
[12]
QUESTION 11
11.1.1 (DC) motor v (1)
11.1.2 Electrical to mechanical/kinetic (energy). (2)
11.1.3 Split ring/commutator (1)
11.1.4 Anticlockwise (2)
11.2.1 The AC voltage/potential difference which dissipates the same amount of energy/heat/power as an
equivalent DC voltage/potential difference. v'v/ (2)
11.2.2 | OPTION 1 OPTION 2 OPTION 3
P = Vins v Pave = Vemslrms ¥ Pave = Vemslrms ¥
ave = 200 = I,.,,,(220) 200 = I,.,,,(220)
2202 Lims = 0,909 4 Iyms = 0,909 A
200 = 4
R=12420V R = Jrms Poe = %R
" s 200 = (0,909)?R v/
_ 220 R=242QV
70,909
=242Q0V
3)
11.2.3 | OPTION 1 OPTION 5 P = I2,.R
woVA L, Puve = Voms 92975 = lrms (242)
R R Lims = 0,6198 4
242 v 242 = (0,6198)2(242)(10)(60) v
=55785,12] v =92975W =55778,88] v
OPTION 2 OPTION 3 OPTION 4
Vr?ms Vims Vems
Pave = v R 4 R=—— v
R 2 Irms Irms
150 150 150
= 4 242 = v 242 = v
242 ™ms ™ms
=92975W Lims = 0,620 A 7 Lims = 0,620 A
P = y v Pove = LrmsVims W = I2RAt v ‘7
At = (0,62)(150) = (0,62)3(242)(10)(60) v
92,975 = w v =9297W =55814,88J v
(10)(60) (55 785,12 — 55 896 J)
W =5578512] v w L, OR/OF
P== W = VIAt
w = (150)(0,62)(600)
=— Vv
92,975 20Y(60) _ 55 800 4 -
W = 55785,12] v [16]
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QUESTION 12
121 Sliprings v
12.2

12.3  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)
124 PtoQvVv
12.5 T 1
f 50 -
—ohz =0,03sVv
=l S OR
1
t =002+ (E) (0,02)v
=0,03s v
126 Vmax Vmax
Vims = \/E Lims = f
_ E v _ 219,91 v
NG 100
=21991V =2,1991V
OPTION 1 OPTION 2 OPTION 3
_ VAt , W =VIAt vV W = I?RAt vV
W= R = (219,91)(2,20)(60) v'v/ = (2,20%)(100)(60) vV
_ (219,912)(60) vy =29028,12] v =29040) v
B 100
=29016,24] v
QUESTION 13
13.1  Sliprings v
132 YtoXvVv
13.3  The AC potential difference which dissipates the same amount of energy as an equivalent
DC potential difference. v'v/
134 | OPTION 1 OPTION 2
_ Vmax;maks _ Vmax;maks
Vrms;wgk - = Imax;maks - 5
NG R
100 100
VZ 25
=70,71V =44
Vimswgk I _ Imaximaks
lrms;wgk = . 4 rms;wgk — \/E
= M v = i v
25 V2
=2834V =2834V
13.5
OPTION 1 OPTION 2 OPTION 4
_ Vrzms;wgk v Pave;gem = rms;wgklrms;wgk v p — Vimax;maks Imaxmats v
Fave;gem = —p—— = (70,71)(2,83) v ave;gem 2
_7o7? = 20011W ¥ _ oo,
T 25 2
=200W v OPTION 3 =200W v
Pave;gem = Izms;wgkR v
=(2,83)(25) v
= 20022 W v

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.
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13.6 4

200

V(V)

-200

QUESTION 14

14.1.1 Electrical to mechanical/kinetic/rotational v/
141.2 DCV

14.1.3 Ensures continuous rotation of the coil. v OR
Ensures the change in direction of the current in the coil.

1421 1 OPTION 1 OPTION 2 OPTION 3
P - Vins v Pave = Vimslrms Pave = Vimslyms
ave = ~p 100 = 2201, 100 = 2201,
100 = 220° Ims = 0,4545 A Ims = 0,4545 A
" R I — Vims v Pave = IEmSR v
R=14840v rms 100 = (0,4545%)R v/
220 —
04545 =20 v R = 484100
R =484,050Y
422 ——M8M
For resistor Y i For resistor Z
V2. b Vs = 220 — 196,77 v Power rating of Z
Fave = R i = 23,226V 3 V2. ,
Vs | fave =71 e
80 = B v 2 !
o /:ms _ Vms l _ 220% i
Vims = 196,774V ; R 57,066 |
| 0,407 = . Y / 848,14 W v/ :
v, P R i
Lrms = % ; R =57.066 Q [847,21 W to 854,22 W]:
484
= 0,407 A
QUESTION 15

15.1.1 Split ring/commutator v/
15.1.2 Y to X OR No current v/
15.1.3 1

Physics Revision Book: Answers
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15.1.4
; r
= 90 [xammass Criteria for graph
S-‘é Correct shape with one full cycle. v
& ¢ Curve starts at zero to first peak. v
=3 Any of the correct time values at the v
S 'E correct position.
‘g’_ ;j Maximum voltage of 90 V or -90 V. v
5 0 =
o % 0,025 0.05 TimelTyd (s)
S
= g OR/OF
2
3
Q90
g2 5 0.025 005
S .E Timel/Tyd (s)
z 2
=
H
%
A L T .
s -90 (4)
15.2
OPTION 1 OPTION 3
V2 At Other energy and power Vems
ave = v formulae may be used. = m
2 v 220
_ (220%)(120) 37 = v
32V Irms
=181500] v =6,8754
OPTION 2 Wave = Vemslrms At ¥/
vz w = (220)(6,875)(120) v
Prpe = — P=1 =181500] v
2202 w
— =— v
= v 15125 120
=15125W W =181500] v (4)
[11]
QUESTION 16
16.1.1 North pole v (1)

16.1.2 Yto XV

16.1.3

A

Emf (V)

U/

Physics Revision Book: Answers
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16.2.1

16.2.2

OPTION 1
- Vinax v

‘/T'TTLS )\

IT'TTLS -

Vax = 282,84 V
-
1 282,84

=,

6 4,24
=4714Q0Vv =471

OPTION

Imax

2

70V

OPTION 1

W = I?RAt v
= (4,242)(47,17)(7 200v)
=6,11x10° ] v

OPTION 2

W =VIAt v

V|| =(200)(4,24)(7 200v)v
=6,11x10°] v

QUESTION 17

17.1.1
17.1.2
17.1.3
17.1.4

17.2.1

17.2.2

17.2.3

Split ring/Commutator v/

OPTION 3
V2At

w = R v
_ (2009)(7200V)

47,17
=6,11x10° ] v

Electrical to mechanical/kinetic v/

Clockwise v'v/
Any two of the following: v'v/

FS/2025

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

* Increase the current.

* Increase the area of the coil.

* Increase the number of tu

rns in the coil.

» Use a battery with a higher potential difference.

Root-mean-square current is the alternating current that dissipates the same amount of energy as

an equivalent DC current. v'v/
I

max
3¢
=V
V2
=25

. =

rms

5AY

OPTION 1

W = VI At v
= (220)(2,62)(120) v
=69168) v

OPTION 2

V=IR
220 = 2,62R
R = 83,969 Q
W =12, RAt v
(2,622)(83,969)(120) v
69168 v

OR

W VimsAt

R
_(220H(120)

83,969
= 69168 v

QUESTION 18

18.1
18.2
18.3

Yto X vV

Mechanical/Kinetic to electrical energy v/
The rms potential difference is the alternating current potential difference which dissipates/produces
the same amount of energy/heating effect as an equivalent DC potential difference. v'v/

Physics Revision Book: Answers
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18.4 y
max
Vims = ﬁ v
Yo' iV
V2
=8839V v
18.5
OPTION 1 OPTION 2
7 v
RT = max ‘/ RT — ™ms lrms — I‘m'ﬁ
s s I Range: 2,94 A ~ 2,95 A
max . g, ~a,
42,4 = v 42,4 = — 2,084 = v
max ™ms
Lyax = 295A4Y || Ims = 2,084 A Inax = 29547
186 g0 R L -
E O/ \/ Time (s) E 0 U U 0,1 Time (s)
= =3
(@] o
2,95 2,95

Criteria

Two complete cycles indicated.

Graph stops at 0,1 s. OR One cycle in 0,05 s.

Maximum current as a positive of negative value correctly indicated.
Correct shape (cosine graph).

QUESTION 19
19.1  DC generator v/
19.2  Mechanical/kinetic to electrical v'v'

19.3  Power/Energy/Voltage loss cannot be reduced / will be too large. v OR
Current cannot be made smaller.

ANENENEN

194 _ number of cycles or waves f= I
f= 5 time a T1
=—— Vv OR =
0,04 0,02
=50Hz Y =50Hz v

19.5  Root-mean-square current is the alternating current that dissipates the same amount of energy
as an equivalent DC current. v'v/

19.6 bnas

Irms=f
Lz,

V2
=0854"V

19.7  Speed of rotation halved. v'v" Accept: Frequency was halved. / Period was doubled.
Y2 for: Speed of rotation slower. / Frequency decreases. / Period increased.

FS/2025

(@)
[13]
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OPTICAL PHENOMENA AND PROPERTIES OF MATERIALS

QUESTION 1
1.1.1 Light has a particle nature. v/ (1)
1.1.2 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. (2)
1.1.3 E=Wo+ Ex OR hf = hfo + Ex OR hf = hfo + 72 mv? OR E=Wo +%mv?

420 %107 B Ao
O A =5,37x107m 0O the metal is sodium v/ (5)
1.2 QvandS Vv
Emission spectra occur when excited atoms /electrons drop from higher enerqy levels to lower energy
levels. v'v/ (Characteristic frequencies are emitted.) 4)
[12]

(6,63><10_34)(3><108)‘/ (6,63 x10734)(3x108) \/_,_%(9,11x10_31)(4,76x105)2‘/

QUESTION 2
2.1.1 The minimum frequency of a photon/light needed v to emit electrons from a certain metal surface. v (2)
2.1.2 Silver v

Threshold frequency / cut-off frequency (of Ag) is higher. v and Wo a fo / Wo = hfs v/ (3)
2.1.3  Planck’s constant v/ (1)
2.1.4 Sodium v M

221 Energy radiated per second by the blue light = (1%0 )(60 x 103) v = 3 x 103 J-s-!

hc -34 8
Eproun = 10 - (883x107)(3 x10°)
A 470 x10~

v =4,232 x 108

-3
Total number of photons incident per second = _8x10 " 7,09 x 10" v (5)
4,232 x10 7'°
2.2.2 7,09 x 10" (electrons per second) v’

OR: Same number as that calculated in Question 7.2.1 above. (1)

QUESTION 3
3.1 It is the process whereby electrons are ejected from a metal surface when light of suitable frequency

is incident/shines on that surface. v'v’ 2)
3.2 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)
3.3 OPTION 1

E =Wo + Ekmaxy OR hf=hfo + Ekmaxy OR hf=hfo+%mvZ OR E=W, +%mv:v

-34 8
(6,63 x 1034 x 5,9 x 104) v = l6.63 X107\ Jax108)
0

19,89 x10 26

[¢]

+2,9x107°

39,117 x1020-29x 10"° = UAo=1,97x108m v

OPTION 2

E=Wo+ Ek(max) OR hf=hfo + Ek(max) OR hf=hfo+a2mvZ OR E=Wo +%2mvZv

((6,63 x 1034 x 5,9 x 104 v = (6,63 x 1034)fo + 2,9 x 101 [] fo = 1,52 x 10" Hz

c=fho [J 3x108=(1,52x10"Aov [ Ao =1,97x108m v

OPTION 3

E=Wo+ Ek(max) OR hf=hfo + Ek(max) OR hf=hfo+%mvZ OR E=W, +%%2mvZv

(6,63x 1034x59x10™) v =Wo+2,9x 10" [] Wo=1,01x10"9J

Wo=hfo [1 1,01 x 101° = (6,63 x 103)f, [ fo=1, 52 x 1014 Hz

c=foho [] 3x108=(1,52x10"Aov [l Ay =197x10m v (5)

3.4 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)
2]

Physics Revision Book: Answers © Free State Department of Education



Physitacssnearlet 1 From Stanmorephyysics.com FS/2025

QUESTION 4
4.1 The minimum frequency of light v'needed to emit electrons from the surface of a metal. v
4.2 The speed remains unchanged. v/

4.3 OPTION 1

c=f\v

03x108 =f(6x107) v

Of=5x10"Hz v

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

OPTION 2
For the given metal: Wo = hfov' = (6,63 x 10 34)(6,8 x 10™*) v' = 4,51 x 101 J
For the given wavelength:

hc -34 8
Epron= —— = (663x10 )&10°) v QR Eproion = hf =(6,63 x 10%)(5 x 10%4) v'v/
6x10°

=3,32 x 1019 J =3,32x1019J
Energy is less than work function v" of metal, therefore photoelectric effect not observed.v’

— 1 5
4.4 E_V\A+Ek(ma> OR E:W(,+%mvr2nax OR h%:hfo+%mvr2nax OR hf =hf; +§meaX

1
(6,63 x 10-34)(7,8 x 10™) v" = (6,63 x 10-34)(6,8 x 10™) v + EmVrznaX

Y2 MV2max = 6,63 x 1020J thus 1/2(9,11 X 10’31) Vemax V= 6,63 x 1020 D Vmax = 3,82 x 105 m-s' v

QUESTION 5

5.1.1  (Line) emission (spectrum) v’

5.1.2 (Line) absorption (spectrum ) v’

5.2.1  Emission v

5.2.2 Energy released in the transition from Es to E2 = E4 — E2
E4s—E2=(2,044 x 1018 - 1,635 x 1018 v = 4,09 x 10-1°J
E=hfv [l 4,09x100=(6.63x103)fv [l f=6,17x10"*Hz v

5.2.3 E=Wo+ Ek(max) OR hf=hfo + Ek(max) OR hf=hfo+%mvZ OR E =W, +%2mvZv
4,09x 1019 v = (6,63 x 1034)(4,4 X 10') v + Exmay [ Ekmay = 1,17 x 1019 J v/

OR
Ek(max) = Eiight — Wo } v Any one
= hfiignt — hfo
= (6,63 x 1034)( 6,17 x10'4) V- (6,63 x 10-%)(4,4 x 1014 v = 1,17 x 1019 J v
524 Nov

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.

QUESTION 6
6.1.1  Greater than v
Electrons are ejected from the metal plate. v/

(4)

(2)
[13]

(@)

6.1.2 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.
6.1.3 Light has a particle nature. v
6.2.1  The minimum frequency needed for the emission of electrons from the surafce of a metal. v'v/
6.2.2 Wo = hfo v/
= (6,63 x 10-%4)(5,73 x 10'%) v
=3,8x10"1%J v
6.2.3 E=W,+ Ek(max) OR hf=hfo + Ek(max) OR hf=hfo+72mvZ OR E=W, +amv2v
(6,63 x 1034)f = 3,8 x 10-1° + [12(9,11 103")(4,19 x 10%)?] v
f=994x10"Hz v
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QUESTION 7

7.1 The minimum energy needed to eject electrons v from the surface of a certain metal. v/ (2)
7.2 (Maximum) kinetic energy of the ejected electrons v/ (1)
7.3 Wavelength/Frequency (of light) v/ (1)
7.4 Silverv’

According to Photoelectric equation, hf = Wo + 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)

7.5 hf = Wo + amv2maxmaks OR h% =W + Ek(max/maks) v

(6,63 x103)(3x10%)
2x10®

9,945 x10°® = W, + 9,58 x 1018
[ Wo=3,65x1019J v (4)
7.6 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]

vV =Wo+958 x10 " Vv

QUESTION 8
8.1 The minimum energy needed to eject electrons v from the surface of a certain metal. v/ (2)
8.2 Potassium /K v/

fo for potassium is greater than fo for caesium v/

OR

Work function is directly proportional to threshold frequency v/ (2)
8.3 OPTION 1
c=fAv 0O 3x108= (5,5 x107) v Of= 5,45 x10¥Hz O fuw<foof K(potassium)
0 Ammeter in circuit B will not show a reading v

OPTION 2
E = N _ (663 108 x10") ©OMODEAT_ 36164 x 1019
A 5,5 < 10_7 5,5x10

Wo = hfo v = (6,63 x 1034)(5,55 x 104) v'= 3,68 x 10-1° J

Wo > E or hfo> hf  ~.The ammeter will not register a current v/
OPTION 3

C = foho V'

3x 108 =(5,55x 10")A v

Ao =5,41x10"m

Ao(threshold) < A(incident) . the ammeter will not register a current v/ (3)
8.4 OPTION 1

c c
E :WO + El‘(}max) OR hf :hf0 + %mvrznax OR hX = hz + EK(max) v

34 3
(663x107)(3x10%) _ (6,63 x 10%4)(5.07 x 10) + Exmax

55x107"
Ek=2,55x10J vv (Range: 2,52 x 1020 —-2,6 x 1020 J)
OPTION 2
—_ 1 2 E C 4

E :WO + Ek(max) OR nhf = hfo + Emvmax OR h A = hz + Ek(max)

(6,63 x 1034)(5,45 x 10') v'v' = (6,63 x 10-34)(5,07 x 10™%) + Ekmax v’

Ek =252 x 1020 J v/ (Range: 2,52 x 1020 —2,6 x 1020 J) (5)
8.5 Remains the same v (1)
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QUESTION 9
9.1 The minimum frequency of light needed to eject electrons from a metal surface. v'v' (2)
9.2 OPTION 1/ OPTION 2
C c=fA « vBoth
Yy 3 x 108 = f(5 x 107) ©
34 3 f = 6 X 1014 H
- (6,63x10 )(3x10)‘/ E = hf
L 5x107 — (6,63 x 104)(6 x 1014) v/
=3,98 x 10" Jv =3,98x 101 Jv 3)
9.3 OPTION 1 \
E = Wo + Ekmax
hf =W, + L

2 max
’ v'Any one
h X = Wo + EK(max/maks)

C
h X = hfo + EK(max/maks)J

3,98 x 1019 = (6,63 x 10-34)(5,55 x10"*)_+ Ek(max) v’

EK(max) = 3,0 x1020 J v

EK(max >0V

(The electrons emitted from the metal plate have kinetic energy to move between the plates,
hence the ammeter registers a reading.)

OPTION 2

W, = hfo v = (6,63 x 10-34)(5,55 x10'4) v/ = 3,68 x 10°1° J

Ephoton > Wo v

(The energy of the incident photon is greater than the work function of potassium. From the
equation hf = Wo + Exmax, the ejected photoelectrons will move between the plates, v hence the
ammeter registers a reading.) (4)

9.4 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 10
10.1  The process whereby electrons are ejected from a metal surface v" when light of suitable frequency
is incident/shines on the surface. v/ 2)
10.2 7,48x1019(J) v
E-= WO + Ekmax (= WO + 1/2I’T1V2ma><) v
When Ex=0, E = W,v 3)
10.3  Mass (of photo-electron) v/ (1)
10.4 OPTION 1
Gradient = am v/ .
-19 -19
11,98x10 7,4%x10 ~ 159,11 x 1031) v/
X-0
X=0,9868 v
OPTION 2
E = WO + Vamv2max v/
11,98 x 1019v = 7,48 x 1019V + ¥2(9,11 x 10-3") v2v" [or 2(9,11 x 10-31)X]
45x 1079 = 4,56 x 1031v2
v2 =0,9868 x 1012
X=0,9868 v (0,99) (5)
10.5.1 Remains the same v/ (1)
10.5.2 Increases v (1)
[13]
QUESTION 11
11.1 Photoelectric effect v/ (1
11.2  Work function (of potassium) v/
11.3  Potassium v It has the lowest work function / threshold frequency / highest threshold wavelength. v/ (2)
11.4  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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11.5.1 Woz hfy v
= (6,63 x 1034)(1,75 x 10'%) v
= 1,160 x 108 J v
OR/OF
E = Wo + Exmax) v Any one
hf = Wo + Ek(max)
(6,63 x 1034)(1,75x 10" =Wo + 0 v
Wo=1,160x 108 J v
3)
11.5.2
E=Wo + Ek(max) }\/Any one/
hf = hfo + 1/vazmax
(6,63 x 103%)f v =1,160 x 108 + (9,11 x 10-3") (5,60 x 10%)2 v
O f=1,97x10"%Hz v (4)
[13]
QUESTION 12
121 11,6 x 10°1°J v (1)
12.2  As the wavelength of the incident radiation/light increases the maximum kinetic energy of
the emitted electrons decreases. vv' 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
Ex(max) a 1
(2)
12.3  The work function of a metal/surface is the minimum energy needed to remove/release an
electron from a (metal) surface. v'v/ (2)
124 "OPTION 1 OPTION 2
VVo:hfo‘/ E= VVo+Ek(max)‘/
OR OF OR OF
hc h
(o)
_ (6,63x107**)(3x10%)v (06,63x10‘34)(3x108)\/
o 4,9x1077 v o= 4,9x10°7 v
W, = 4,06x107° ] 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 12.5 for the different
answers):
E=W,+ Ek(max) v
hc
7 =W, + Ek(max)
(6,63x1073%)(3x10%)
v = 19
0 W, + 1,6x10
W, = 3,3725x1071° ] v
(4)
12.5 E=W,+ Ek(max) 4

hc
T =W, + Ek(max)

(6,63x1073%)(3x10°) )
0,5x10~7 v = 3,3725x107"° ¥ + Ey (max)

Ek(max) = 3,64—1x10_18] 4
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Q12.4 Q125
A Ek(max) Wo Ek(max)
49x107 0 4,06 x 101 3.752 x 1018
7 _ -18 _

Og’gilgj 14,0 x 1019 11’?3826")(1?0_18 2762 x 1018
15x107 80X 107 506 x 1019 3.452 x 1018
07 6.0x1019— | 3.745x107°— | 3,6035x 1078 —

6.2x 1019 3,95 x 1019 3,945 x 1018
3x107 3.6 X107 3.03x 10 3.675x 1018
4x107 1.6x 101 3.3725x 10 | 3.64075x 10

QUESTION 13

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

13.2 Greater than v

133 E =W, + Exgnan) ¥
hf = hfo + Ek(max)

(6,63x10731)f,v = (6,63x10734)(10,4x10')v + 23,01x1071%) v
f, = 4,51x105 Hz v

13.4.1 No effect v/
13.4.2 Increases v
13.4.2 No effect v/

QUESTION 14

FS/2025

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

14.1.2 For one photon:

E=hfv

=7,956x1071%]

Number of electrons =

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

total energy of photons

energy of one photon

1,75x107°

= 7,956x10-1°

=2,20x10° v

14.1.3 E=W,+ Ko ¥V
1
hf = hf, + Emvrzlax

1
7,96x107%Y = (6,63x107°4)(9,09x10™) V' + (9112107 ¥

Vmax = 6,51x10°m 571 v

14.2  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 15

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

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

15.3
E=W,+ Ek(max) 4

hf =W, + Ek(max)

(6,63x10734)(5,96x10™) v = 3,42x107° + Ey(max) ¥’
Epeomax) = 5,31x1072° ] v/
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15.4 Q
I = % n= ; Iy
1
=— Vv A
L2l 1,6x10719 v/
Q=012C = 7,5x10%7
Number of photons = 7,5x1017 v/ )
15,5 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 16
16.1 6,63 x 1034 (1)
16.2  The minimum energy needed to eject an electron from a (metal) surface. v'v' (2)
16.3.1 W, = hf, v
= (6,63x1073%)(5x101%) v/
=332x10"1) v
3)
16.3.2
E=W,+ Ek(max) v
(6,63x10734)(12,54x10**)v" = 3,32x107*° + Ej(max)¥’
Eymax) = 499x107 =X v
(4)
16.4.1 No effect v/ (1)
16.4.2 Increases v’ (1)
16.5 A B
T}
§ Marking criteria
£ Graph B to the right of graph A v/
~ Lines are parallel. v/
=
Frequency
(2)
[14]
QUESTION 17
17.1.1 The minimum energy (of incident photons) that can eject electrons from a metal/surface. v'v/ (2)
17.1.2
OPTION 1 OPTION 2
E = hf v VVO = hfo v

= (6,63x10734)(2,8x106) v/
=1,86x10"Y7 ] v f, = 1x10'° Hz v/

E>Wo‘/ f>fo‘/

6,63x1071° = (6,63x10734)f, v

OPTION 3

E=W,+ Ek(max) v

hf =W, + Ek(max)

(6,63x10734)(2,8x10%%) = 6,63x1071° + Ej(max) 4
Ey(max) = 1,79x10_17] v

Ek(max) >0V
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17.1.3

P kQaQp , "= %
1‘2 9 -6 e -9
0,027 = (9x10%)(5,4x107°)Qp v _ 5,56x1(3
0,12 1,6x10-1°
Qp =5,56x107°C = 3,47x10%°
Number of electrons = 3,47 x 101° v/ 6)
17.2.1 (Line) Absorption v/ (1)
17.2.2 Continuous spectrum of white light/rainbow of colours v" with dark/black lines v* (replacing specific
frequencies). (2)
17.2.3 Diagram B v'v' (2)
[17]
QUESTION 18
18.1  The process whereby electrons are ejected from a (metal) surface when light of suitable frequency
is incident on that surface. v'v/ 2)
18.2 E=W,+Ky v
hc 1
7 = hf, + Emvmax
(6,63x10734)(3x108) 1
v = -34 14y v 4 = -31V,,2
272107 (6,63x107°%)(4,37x10'*) v + > (9,11x107°Y)v54x
Vmax = 5,41x10°m-s™1 v Range: 541 289,67 m-s' ~ 541 292,69 m-s™’ (5)
18.3.1 Higher than v/ (1)

18.3.2 (Photons of UV light) eject electrons (from the disc/Zn). v/

The negative charge on the electroscope decreases/becomes zero. v/

The electrostatic/repulsive force on the foil decreases/becomes zero. v/ (3)
18.3.3 No V. Increasing the intensity increases the number of photons, but does not increase the energy

of the photon(s). v OR Photons will still have the same energy. OR Frequency stays the

same / does not increase.

[13]
QUESTION 19
19.1  The process whereby electrons are ejected from a metal surface when light (of suitable frequency)
is incident/shining on that surface. v'v/ (2)
19.2.1 Green v (1)
19.2.2 Only green and blue light eject electrons. / Red light does not eject electrons. v/
Green has a lower frequency than blue. / Green has longer wavelength than blue. / Photons of blue
light has more energy than photons of green light. v/ (2)
19.2.3
E=W,+ Ek(max) 4 E=W,+ Ek(max)
hf =W, + Ek(max) hf =W, + Ek(max)
(6,63x10734)(5,85x10') v/ = W, + 2,65x1072° v/ (6,63x10734)f = 3,614x1071% + 6,96x1072° v/
W, = 3,614x1071% f=65x10"* Hz v (5)
19.2.4 Remain the same. v'v/ (2)
19.3.1 (Line) emission spectrum v/ (1)
19.3.2 Coloured lines represent (associated) frequencies/wavelengths / energy of emitted photons v/
when atoms/electrons move to a lower energy level. v’ (2)
[15]
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