Teacher’s Manual

TEXTBOOK SOLUTIONS

EXErcise 1.4 1 Exercise 14.1.. ..o 36
EXErcise 2.1 . 2 EXErcise 14.2.....ccoooiiiiiiiiiiieee e, 36
EXErcise 3.1 . 2 Exercise 15.1..cccoiiiiiiiiiccce e, 36
EXErCiSE 3.2 4 EXErcise 15.2..ccccciiiiiiiiiiicceee e, 37
EXErCiSe 4.1 et 5 Exercise 16.1......ooiiiiiiieeeeeee e 39
EXErCISE 4.2ttt 5 EXercise 16.2........cccoiiiiiiiciiiieeeeeeee e 40
EXercise  4.3...ccccieeee e 6 Exercise 16.3.......ccccoiiiiiiiiiieeeeeee e 40
EXErcise 4.4 .. 6 Exercise 7.0 .. 41
EXErcise 5.0 . 7 EXercise 7.2 42
EXErcise 5.2 9 Exercise 18.1 ... 42
EXErcise 5.3 . 10 Exercise 18.2.. ... 43
EXErcise 6.1 .o 11 Exercise 18.3.. ..o 44
EXEICISE 5.2 11 Exercise 19.1... i 44
EXErcise  B.3..iciiiiiiiiiieieeeecen e 12 EXercise 19.2.....ccooiiiiiiiiiiciee e, 45
EXErcise 7.1 i 12 Exercise  20.71.....ccooiiiiiiiiiiceee e, 47
EXErCiSE 7.2, 13 EXErcise€ 20.2......ccooiiiiiiiiiiiiieee e, 48
EXEICISE 7.4ttt 14 Exercise 20.3.........ccooiiiiiiiieeee e 49
EXErCiSe 7.5 it 15 Exercise 21.1....ccoiiiiiiiiiceeeee e 50
EXercise 8.1 ..o 17 EXercise 22.1......cooiiiiiiicceeeeeeeeee e 51
EXErcise  8.2...ccccciiiiiiiiiieeieeeeeee e 17 Exercise 23.71 ... 51
EXErcise 8.3 ..t 18 EXercise 23.2.....cooiiiiiiieeeeeeeee 53
Exercise 9.1 . 19 Exercise 23.3.....cooiiiiiiiieeeeeee e 54
EXErcise 9.2 20 Exercise 24.1.. ..o 54
EXercise 9.3 . 20 EXercise 24.2.......oooiiiiiiiiieeeeeeeee 55
EXErcise  10.7 . 22 EXErcise 27.71 oo 56
EXercise 10.2....ccceiiiiiiiiiiiiieeceee e, 23 EXErCiSe  27.2..cciiiiiiiiiieeiiieeee e 56
EXercise  10.3....ceiiiiiiiiiiieeeeceee e 23 EXercise 28.1......ccooiiiiiiiiiiiciee e, 57
EXercise 10.4....cceiiiiiiiiiiiiecceeee e, 24 EXErcise 28.2.....cccooiiiiiiiiiiiceiee e, 57
Exercise 10.5...ccccccciviiiiiiiiiiieieieeee e 24 Exercise 28.3........ccoiiiiiiiiieeeee e 59
EXErcise 10.6....ccccccuvvrriiriiiiiieiiieieeeeeeee e 25 Exercise 28.4.........coooiiiiiiiieeeeeeeeee 59
EXErcise 0.7 ..o 26 Exercise 28.5........cciiiiiiiiiiieeeeeeeee 60
Exercise 10.8.....cccccoumiiiiiiiiiiiiiiieeeeeeeeeeeeeee, 28 EXercise 28.6......cccooiiiiiiiiiiiiiieeeeeeeeeeeee 60
EXercise 110 i 28 Exercise 29.1 ... 61
EXErcise 171.2.. e 29 Exercise 29.2.. ... 62
EXercise 11.3 . 30 Exercise  30.1 ... 64
EXercise 11.4 .. 31 Exercise  30.2.....ccooiiiiiiiieeeeeeeeee 64
EXercise 11.5. e 31 Exercise 30.3 ... 65
EXErcise 12.71 ..o, 32 Exercise 311, 66
EXErcise 12.2...ceiiiiiiiiiieeeeecee e, 32 EXercise 32.71..cccoiiiiiiiiicceee e, 67
EXErcise 12.3...eiiiiiiiiiiieeeeceee e 33 EXErcise  32.2..ccccciiiiiiiiiiiicieee e, 68
EXErciSe 12.4 ...t 33 Exercise 32.3.......ccoiiiiiiiieeeee e 68
EXErcise 13.1 .t 34 Exercise 32.4 ..o 69
EXErcise 13.2..iiiiiiiieieiieeee e 35 Exercise 33.1....ccoiiiiiiiieeee e 69
EXErcise 13.3 ..ttt 35



TEXTBOOK SOLUTIONS
Exercise 1.1

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Area = length x length = Unit of area
= (m)(m) = m’ = the square metre

P = mv = Unit of p = (Unit of m)(Unit of v)
= (kg)(m s= kgm s =the kilogram metre
per second

Unitof v _

nit of a = =
Unitof a Unit of ¢ S

= the metre per second squared

Mass

-3 .
kg m ", density = S —

= Unit of density = k—% = kgm”

m
_F . _ Unit of Force
P= A = Unit of P = Unit of Area

Newton

= ———— = Newton per square metre
Metre squared persq

=Nm”
(a) 10000 (i.c. 100 x 100)
(b) 1000000 (i.e. 100 x 100 x 100)
() 1000
(i) 5cm’=5x10" m’

(i) 40cm’=40x10"m’ =4x10" m’

(i) 1em’=1x10°m’

(iv) 456 cm’ =456 x 10° m’

=4.56%10" m’

(v) 1000000000 = (1x10°)x107°
=10’ m’ = 1000 m’

(i) 105km=105%10"m = 1.05x 10’ m

(i) 57mm=57x10"m =57%x10"m

(i) 6.67x 10" cm = (6.67x107")(x 107)

=6.67x10 " m

(iv) 6x10” grams = (6 x 10°")(107) kg

= 6x10"kg
(v) 9-& _9x10°kg _ 9% 107 ke
3~ 3 - 6 3
cm cm 1x10 " m
=9%x10° kgm™
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(vi) 100kmh™ =100000 mh™'
_ 100000 _ -1 _ -1
= %60 M =27.78 ms
(vii) 5n0N=5x10"N
(viii) 10uUW = 10x10°W=1x10"W
(ix) 5Gm=5x10" m

Q9 F = ma = Unit of force = (kg)(m sﬁz)
=1N=1kgm s

Q10 W =Fs = 1Joule=1Nm
Q11 1J=1Nm=1(kgms )(m)=1kgm’s™

Q12 1w=1Js'=( kg m's)s =1 kg ms>



Real World Physics

Exercise 2.1 Exercise 3.1

) 8
Q= G = L S Q1 u=30  v=50  f=?
X

Q2 Incident ray, reflected ray, normal, angle of i + % = Jlr
incidence, angle of reflection. 1 11
= =+ =-
. 30 50 f
Q5 Answer = 1 m (see diagram) 543 1
= T30 "7

= f=20=1875

focal length = 18.75 cm

Q2 u=20 y =30

Image virtual = 1_1_
u v
1 _1_1
20 30 f
i 16 3-2 _ 1
Q6 1= Distance _ 3.97 x 1(; —132x% 1088 = 5 = 7
Speed 3% 10 | 1
=4.2 years = 77 % = f=60cm
Q7 From the diagram (i) 50° (ii) 50° (iii) 40° Q3 u=15 f=10 v="7
1,1 _1
PR
1,1 _ 1
T
11 1
v 10 — 15
1.3-2
v 30
1- 1 =v=30cm
v 30

z Image is real (v + )

Q9 From the diagram, length = 0.9 m Magnification = 5 = %g =2
”””””””””” 0.3m Image is twice the size of object
0.6m = its height is 4 cm

0.3m

m@ 0.6m |1.8m




. Image is 20 cm from mirror. It is virtual.

_v _20 _
_u_10_2

Q5 £=40

Magnification =4 = 5
= v=4u

+

3u =280 = u = 26% cm

u=43—0 = 13% cm

S == - = = vy =-20cm

Q7

Q8

Q9

Q10
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Real image: £ =2= v=2u

11 _ 1
_+_=_
u v f
1 1 1
it T
2+1 _ 1
2u 50

2u=150 = wu=75cm

Virtual image:

v o_ l_l_l

;_Zand i TV

v=2u

1_1_1

u 2u ~ 50

2-1 _ 1

2u 50

= 2u = 50

u=25cm

Image upright = Virtual image

l—% =]10 Magnificati0n=3=£
= v = 3u

r_1r_ 1

u 3u 100

3-1 _ 1 _

3 = 100 = 200=3u

u:%)=662/3cm

Image is real and at the focus since light from a
distant object arrives as parallel light.

Magnification = %

= v=1 = u=3y
u 3
1,1 _1
PR
11 _ 1
= 5775
4 1
= 5 D
_ 160
= V=3
=3 _3(%9) =160 cm



Real World Physics

Exercise 3.2

1_1__1 _v
QL -3+ m=
- - -9 — v 345
u=10,f=12,v m= -~ 5 .545
1 1_ 1 C .
005 Image is v1rt.ual ar.ld
5.45 cm behind mirror.
14,11
10 12 v
6+5 _ 1 1_11
60 v = v 60
v="% =545cm
Q2 u=30,f=12,v="
1_1__1
u v f
1 _1__1
30 v 12
1 1 1 _
w5trsG =S = v=8.57 cm
Virtual
ification = ¥ = 857 —
Magnification = S =5y = 0.29
Q3 f—lO,Mag=£=Z = 4dv=u
1_1__1 +3 _+1 =
W v f v T 10 u=dv=
‘%v_%=_% 30 = 4v u =30 cm
1-4 _ 1 _
T =10 v="7.5cm
1 1_ 1 — v _ Height of image
QU C-0= M= = Height of object
= 2=V
v=10 m=z=-
_ 1 _1__1
2M—SV ; V_ f
2u = 5(10)
= 1 _1__1
u=25 %310 7
2-5__1
50 © f
3_1
50~ f
= f= 3 =16%cm

Q5 v=4cm
hi=4,h,=6
h.
m:—l:K:)A.":K
h, u 6 u
A—‘:‘—‘:,'u:6cm
6 u
1_1__1
u v f
1_1r__1
6 4 f
2-3 __1
12
—— =1 =Sf=12em
2 7
_v_1
Q6 m_u_3
11 _ 1
- =~ =5 Find u.
v="~
3
11 __1
u oy 20
(3)
1.3 __1
u u 20
-2 _ 1 _
— = —55 = u=40 cm
Q7 hi:1/2ho
.
_‘=1=E = u=2y
h, 2 u
1 _1__ 1
2v v 40
1-2 _ 1
2v 40
1 _ 1 _
5= = v=20
u=40cm
_1_v
Q8 m_2_u
1_1__1
u v f
yp=14
2
1_1__1
u u
& 7
1 _ 1 _
- = 7 f_u

. Object must be a distance in front of

mirror equal to its focal length.



Exercise 4.1

Q1

Q2

Q3

Q4

Q5

Qo6

Q7

Q8

Si

n, = SN25° _ 4226 _4 496089 = 1.5

_ Sin60° _
M= Goape = 242

_ Sin30° _ . Sin30°
ally = 5 =133= Sinr= 33
= r=22.1°
- - _1_2
My = 1.5 My = - =75 =3
1 1
n,= — = — =0.88
gw wha 1.13
Sin 35°
g' ™ Sin 69°
1 _ 1 _Sin69° _
T 1.63
Sin 69°
Sini__ ) Sini _
Sin 15° ~ 4" T Sin 15° ~ 2.
— Sipj=Sinl15® _ 02588 _ 16605

i =Sin"'(.10695) = 6.1395, i.e. i = 6.1°

Sin r
Sin 20°

242 242

=242 = Sinr =0.8277
= r =55.9°

=.3759
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Exercise 4.2
Realdepth _ 5 _
Q1 oy = Apparent depth ~ 333 1.5
Real depth
Q2 Apparentdepth ~ ¥V
10 _
Apparent depth 1.33
=  Apparent depth = % =7.52m
Q3 Real depth - Real depth _ 4
Apparent depth ~ *V 0.8 3
= Real depth = @ =1.07 m
Q4 Realdepth=6
Appears as cube = Apparent depth =5
-. Refractive index = g =1.2
Q5 Let x = the real depth = thickness of block, i.e.

Real depth = x, Apparent depth = x — 3.33

_  Real depth 15= X
g = Apparent depth = 15= x—-3.33

1.5x—1.5(3.33) =x
1.5x—x = (1.5)(3.33)
0.5x = 4.995

4995 _
X =5 =999 cm



Real World Physics

Exercise 4.3

Ql n= air

Cmedium
C..

2 ¢ = o
Q2 ¢ "

_ Cair _

Q3 n= o =
C..

4 n= 2 =
Q C

c,:
:>Cmediun = %r
_ 3x10°
15
= 2x10° ms™
8
3x10° _ 8 -1
W_I'MXIO ms
3x10® 3
3 = § = 1.5
2% 10
8
3x10 ' -2.4
1.25x% 10

Exercise 4.4
_ 1 _ 1 _
D 1 _
Q2 n=g¢ = smme =240
1 S
Q3 n=g—s = SlnC—’;—rz
= Sin C =0.8333
= C= 564°

= C= 48.75°

inc=1! =_L = o
Qs SlnC—n =T = C= 37.04

_ 1 _ 1 _ 1 _
Q6 n=ge = smaoc =~ oeans - 90

_  Real depth _ 12

~ Apparent depth =1.56= Apparent depth

= Apparent depth = 7.69 cm

Q7 n =133
I _ _ o

Soc " 133 = C=48.75

tan szr; = r= 4tan(48.75°)

i.e. radius =4.56 m

Air

Y

Water

Q8 TanC = 2_2§ — C =48.99°

I
"= ShC = Sin48.99°

=133



Q9 The angle of incidence of the ray on the glass Exercise 5.1
air surface is 45° . In going from glass to air the 01 D D BN
angle of incidence must be greater than the u v f 40
critical angle if total internal reflection is to = f=15.38 cm, real.
occur, i.e. for total internal reflection 45° > C 111
ie. C<45° R

= Sin C < Sin 45° = Sin C < 0.707

~ (30)(100)

. 1 > 1

""Sin C 0.707
b

. . hO u
But Fwela refractive index of the glass
mn
hi _ 4286
d — = 1.414 v

anc o707 =

. P _ 4(42.86) _

.. Refractive index must be greater than 1.414 h; = o0 = 1.71 cm

Teacher’s Manual

= 100-33 .\ _ 42.86 cm

Image is 1.71 cm high, real, and 42.86 cm

from lens.
1
f
-3 1

Q3

=

N

+1=
v
2

60 60

=7V =
= = h

o}

Q4 ;=2 f=50

v
u
Real image

1 1 _ 1 1
30 V-3 2

——=—— = v=-60

= Image is virtual and 60 cm from lens.
h,

— (g—g) (2)=6 cm

Image is 6 cm high.

Virtual image

11 _1
u v f
11 _ 1
u  2u 50
11
2u 50



Real World Physics

_ 1,1 _1
Q5 =20 ﬁ+;_f
Image is twice the height of object
:>m=2=£ =v=2u
Real image Virtual image
11 _1 1_1_1
s Ty 77 x v ¥
1,1 _1 1_1_1
u  2u 20 u 2u 20
2+1 _ 1 2-1 _ 1
2u 20 2u 20
3 -1 1 _1
2u 20 2u 20
= 2u=60
u=30cm = u=10cm
Q6 Here v = 10 and magnification = (% ,l.e.
-3 _v 1,1_1
m_m_u u+v f
1 1 1
3u =0.08 - ==
" Y 02667+10 f
_ (0.08)10 1
U= 3-75"‘0-1—]7
u= 02667 = %:3.85
f=0.2597 m
f=26.0 cm

Q7

Q8

Convex lens, since a concave lens does not
form a real image.

m=Y=15 = v=151 = u:%
1 1 1
=4 -+ - ==
v u v f
4 1 1 _1
= U= 13 (i)+4_f
15
15 1 _1
T iy
15+1 _ 1 _1
il :>f—4m
ie.f=25cm
u v

Position
@

80cm

16cm

Position
©)

80cm

Q9

Let f be the focal length of lens.

1
= - 1
7 (1)
alsou+v =80 = u =80-v 2)

L1
v

Then for postion (i) we have i

Object distance = u + 16
Image distance = v— 16

In postion (ii)

1 1 1
7+ 16 T 7T16 T F 3)

From (1) and (3)

1 1
u+16 +v—16

From 2) u = 80—v

+

S
< I

.. This becomes

1
80—-v

1 1

1 _
t T 16 Tioie

v+80—v - v—16+96-v
v(80 —v) (v=16)(96 —v)

80  _ 80
v(80—v)  (v—16)(96-v)

(v=16)(96-v) = v(80-v)

96v — (16)(96) —v" + 16v = 80v—1°

32y = 1536 = v = 48
u=8-v=u=32

1 1 _1 1 _ 48+432 _ 80
»tR _f:>f_(32)(48) 1536

= f = 19.2cm

Postion (i) m=£:‘§=§=§

2+16 48 3

(i)  u and v are interchangable.
.. Distance between lenses = 13.3 — 8.0
=53 cm

| —

1 1
= 133 T80

=f = 4995 cm

+ - = =

(ii)

< I=
=

S =

~



Exercise 5.2

Q1 Concave lens formula is =

Q2

Q3

u =30, f = 20
1 1 _ 1
30 v 20
1_ 1 1
Ty 20 30
1 _-3-2
v 760
1_-5
v T 60

S =
< Il

<l

S

I _
=7 &

D

60 = 5v

v
5

v = 12 cm

Concave lens image is always virtual.

f=20; u=

Concave lens =

f
1 _1__1
20 v 20
11
v 20 20
A2
v 20
2v = 20
vy = 10 cm
. Height of image

v
Mag. = -
_10 _ 1
T2 2
Height of image

Height of object

= 1 Height of object = (;) (5)=2.5 cm

1
2

Image is virtual; 10 cm from lens, of height

2.5 cm

1 v
m—§ :>;—
1 1 _ 1
u v f
1 1 _ 1
3v v 60
1-3 _ 1
3v. 60
-2 _ -1
3y T 60

<
Il
w

<

120 cm

Q4

Teacher’s Manual

Mag :% = E.Let focal length be f.
_ _u
u=2v= V=3
r_r__1
w v f
r_r_1
u u . f
2
r_2__1
u u  f
-2 _ 1, _1__1 _
e St A

i.e. the distance from the object to the lens is
equal to the focal length of the lens.
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Exercise 5.3

Q1

Q2

Q3

Q4

Q5

Qo6

Q7

10

i) p=p+p,=6+10=16m"
(ii) f=l=1]—6=0.0625m=6.25 cm
(i) p=p+p,=-4-8=-12m"

p=p+p,=-002+005 = 0.03m"

Its sign is + .. convex.

For convex lens f = 10 cm

=p =L =10m"
Pr=o17~

For concave lens f = 15 cm

-1
0.15
p=p +p,=10-667 = 333m"
= Focal length of combination
I _
=15 =03m=+4+30cm

Sign + = combination is convex.

hy=2cm, u =20, v=2 f=30
1,1 _1

Ty T

1 1 _ 1 _

= Image is virtual.

hi v _(60Y .. _

Py :hi—(zﬁ)(z)—6cm

1 _ 1 1 _

%—f—l+@ = f,=30cm

Q9

Q10

Let f, =focal length of convex lens.

Let f, = focal length of concave lens.

L1,

Fh
“t_1_1
40 20 f,
1 _ 1 1
7,20 T 10
f>,=13.33 cm



Exercise 6.1
Ql (i) 20x107°s=2x%x10"s

(i) 500ms=3500%x10" =0.5s

(i) 4000 ms=4000 x 10~ s=4s

(iv) 1ps= 1x10°s
(v) 50ps= 50x10°s=5%10"s

(vi) 2 hr=(1)(60)(60) s = 1800 s

(vii) Two days = (2)(24)(60)(60) s = 172 800 s

(x) One year =(365)(24)(60)(60)
=31536 000 s

6
6 1 x10 _
Q2 1x10°s= (29)(60)(60) days = 11.57 days
Q3 no working out reqd.
Q4 (i) 625km=625%x10"m
(i) Tem=1x10"m

(i) 20mm=20x10" = 2x10°m

(iv) 4nm=4x10"m

_ Distance
Q5 (a) Average speed = T
_ 2000 _ -1
= 60 -~ 8.33 ms
(b) Average speed = %) =10 ms™
. _ Distance 200 000 _
Q6 Time = Average speed 25 = 80005
. _ Distance _ 2000000 _
Q7 Time = Average speed 200 =10000s

Q8 Distance travelled = Circumference of circle
=2nr =(2)(7)(30)

_ Distance _ (2)(m)(30) _ 2m _ -1
Speed = Tme = (00}~ 3 =2.09ms
Q9 () s=ut=(2)25 =50m
(i) s = ut = (2) (%)(60)(60) = 3600 m
(i) s = ut = (2)(1x107°) =2%x10" m

(iv) s = ut = 2t metres

Teacher’s Manual

Exercise 6.2

Q1

Q2
Q3

Q4

Q5

Q6

Q7

Displacement

Average velocity = T

— 2000 m South East _ ¢ e7 1 ¢! South East
5%x60s

s = ut = (30)(10) = 300 m South

i) s=ut=10x1 =10 m

(i) s =ut =10x10 = 100 m
(i) s = ut = (10)(t) = 10¢ metres

(10)(2x 10 =2%x10°m

@iv) s = ut
(i) 2 m North A

(i1) 2 m South

(iii)) 2 m West

(iv) 2 m East B > C
|AC]” = 2°+2* = |AC| = /8 = 2.83
tan 6 =2 =1=06 = 45°

(v) 2.83m W 45° N (North West)

(vi) 2.83 mE 45° S (South East)

Distance = perimeter of semi-circle = ¥2(27r)
=nar =51 =1571m

Displacement of B from A = 10 m East

(i) Average speed = Distance _ 15.71

Time 10
=1.571ms"
.. . _ Displacement _ 10
(il)) Average velocity = —Tme — ~ 10
=1ms" East

If the speed of the car is changing it means the
car would travel 30 m in the next second if its
speed stopped changing at that instant. If the
speed of the car is constant then it will travel
30 m in the next second.

No; Yes, an object moving in a circle at a
steady speed. The velocity is changing since
the direction of motion is changing but the
speed is constant.

11
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Q8 no working out reqd. Exercise 7.1

Q9 Magnitude of overall displacement Q1 a= V—;L—’ = 30; 10 - %Q = 6; m s~ North
= J+4 = 5m Q2 a:%‘:#:SmS_zWest
Direction of overall displacement is East 6° Q3 -4 - 1 5ms?=15ms”in opposite
North where Tan 0 = g = 0 =53.13° dirlef)ction to the initial motion.
Average velocity = W Q4 (i) Velocity gained = Acceleration x Time
=30 = ims’ =3)(1)=3ms”
E53.13° N (i) @) =12ms"

(iii) (3)(13.5)=40.5ms"
Exercise 6.3 (Gv) 3ms"

Q1 No calculations required. Q5 a= %‘ = % =1.667ms"

Q2 No calculations required. Q6 a= % _9 West2 ; 5East _ 9 —;5—5)

Q3 No calculations required. =5.6ms” West

12



Exercise 7.2
Ql u=10,a=2,t=12,v =285 =7
Vv = u+at s=ut+%at2
= 10+2(12
(71 Y= o2+ )2y
=34ms = 120 + 144
= 264 m
Q2 u=14,v =30,t =20,a =75 =?
V= u+at s = ut+iar’
30 = 14+ a(20 1 2
o a(0) 1 5 = (14)(20) +1(0.8)(20)
- 16“ s = 280 + 160
a =73 s = 440 m
= 08ms”
Q3 u=2v=12,5s =50,a=21t="7?
Vv = u’+2as vV=u+at
12 = 22+2a(50) | 12 = f()* 141
144 —4 = 1000 t =17 =714s
a=14ms"
Q4 u=60,v=20,t=4a=172s="
vV=utat s = ut+lat’
2
20 = 60 + a4 ] )
40 = 4g s = (60)(4) +1(~10)(4)
a=-10ms>|s =160 m
Q5 u=6,1=60,5s =3000,a =2v =2
s = ut+iatf’
vV = u+at
2
3000 = 6(60) +3a(60)" |, = 6+ (1.467)(60)
3000-360 = 1800a |, = 94.02 m s
a = 1467 ms>
Q6 u =30,v =10,s = 200,a = ?
v = u+2as
100 = 30° + 2a(200)
a=-2ms"

Q7

Q9

(i)

®

(i)

Teacher’s Manual

20,a = -3,v=0,t =7
u+at
20 —-3(1)

23—0 = 6.667 s

u 120,a = 10,¢t = 12,v = ?

v = u+at

v = 120+ (10)(12)

v = 240 ms ' in original direction

of motion.

u=120,a = -10,¢t = 12,v = ?

v = u+at

v = 120-10(12)

v=0ms"

u=5a=4v=2t=>5

v = u+at

v = 5+44(5)

v =25ms 'in original direction
of motion

u=5a=-4v="2"tr=>5

v = u+at

v=5+(-4)(5) ie 15ms in

v=-15ms" opposite direction of

original motion v.

13
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Q10 Distance S, of rear of bike from P after ¢

14

seconds.
Sl = 12t

Distance S, of front of car from P after ¢
seconds.
s = ut+ %m2

S, = (0)(1)+i2)* = ¢
Car meets bike when §, = S, i.e. =12t

£-12t =0, ie t(t—12) = 0
=t=0o0rt =12
= Car meets bike after 12 seconds

Distance of bike from P at this instant
=8, = (12)(12)
= 144 m from P.

Exercise 7.4 (4.3 )_(1.45)

_v—u _\0.04) \0.04
Qb a==r=—m"
(%)
=4453cms° =4453ms’
2
_4x10 7 _ -1
Q2 u——0.13332—0.3ms
_4x107 _ -1
V= 00167 _2'4nzls X X X
_ . _vi—u _ (24)"-(0.3)
s=14 . a= 5 = S
=2.025ms >



Exercise 7.5

Q1 u=0,5s =60,a =98,t="?7v ="

Q2

Q3

Q4

Q5

2 2
v = u +2as
’ ) v = u+at
V' = 0% +2(9.8)(60)
34.29 = 9.8¢
v = J1176 f - 35s
v =3429ms"
u=1200,a=-98v=0s=72t=2
v2 = u2+2as
5 Vv = u+at
0 = (200)°+2(-98)s | ¢ = 200-98;
2
s =20 - 20408m | ! =204l

19.6
u=0a=98,tr=3,s5s=7
s = ut+%at2

s = (0)(3) +19.8(3)°
s = 44.1m

u=0v=22s=30,a="72°t="7

v = ut+2as Vv =u+at
222 — O+2a(30) 22 = 0+ 8.067¢
a = 8067 ms" 1=273s

i u=80,v=0,a=-98,s5s =7

v = u’+2as v =u+at
0 = 80°+2(-9.8)(s) [0 = 80-9.81
) 80

s =S =3265m 98
' t =816

(i) s=09617=2
s = ut+lar’

96 = 801 —1(9.8)r"

4.9 -80t+96 = 0

= 80i«/802—4(4.9)(96)

(2)(4.9)
=1t = 15.02 or 1.304 s

Teacher’s Manual

(ii) Alternative Solution
2 2
v = u +2as
v’ = 80% +2(-9.8)(96)

v = 46722 ms”
vV =u+at

67.22 = 80-9.8¢
t =130s

-67.22 = 80-9.8¢
t = 15.02s

u="7s=100,t = 2,a = -9.8

2
s = ut+z3at

Q6 (i)

100 = u(2) +1(-9.8)(2)*
100 = 2u—19.6
=u=75.8ms"

@) u=598,v=0,5s =72a=-9.8

v = u’ +2as
0 = (59.8)° +2(=9.8)s
s = 18245 m

(iii) First find the two times at which it is
100 m above ground.

u=25.8,a =-98,s =100,¢t = ?

2
s = ut+s3at

100 = (59.8)7—(1)9.87°

49 -59.8t+100 = 0

59.8 + 4/(59.8)% — 4(4.9)(100)
(2)(4.9)
10204 sort = 2

=

t

Time difference 10.204 -2 = 8.204 s

15



Real World Physics

Q7 () u=24v=0,5s="72a=-98 Q8 On Earth:
2 2 u=7%s=2a=-98v=20
v = u +2as
2 V' = u’+2as
0 =24"-2(9.8)s
s = 2939 m 0= u’+2(-9.8)(2) = u = /39.2
= Total height above ground: u = 626099 ms"
= 29.39+16 On Moon:
= 4539m u = 626099 = /39.2,a = 22,5 = 2,v =0
(ii) Time ¢, from point of projection to v’ = u’ +2as
greatest height: 0= 39.2+2(%)s
u=24v=0a=-981 =7 s =12m
Vv = I/£+atl
o = 24-98; Q9 First body: after # seconds of motion it will be
o a distance S, from A where S, = 40¢
t, = 2449 s

If body 1 moves for ¢ seconds, body 2 moves
Time ¢, from greatest height to ground: for t — 10 seconds. Distance of body 2 from A:

u=0,a=98s=4539,t = ? 1 )
S, = (0)(t—10) +12(1-10)

S = Mt2+%at22 .
Bodies meet when: S; = S,
4539 = 0 +19.81,° 40t = (1-10)
2 2
[ _ . 40t = ¢ —20t2+IOO:>t — 607+ 100 = 0
2 9.8 ' L 60 % 460> — 4(1)(100)
N 2
Total time = ¢, + 1, _ 60+56.57
= 2.449 +3.044 2z
=5.493s t = 5828s or ¢t =1715s

(i) Alternative solution ¢t must be greater than 10 .. t = 58.28 s

u=24a=-98,1r=172°s=-16 Ittakes the second body 58.28 — 10 = 48.28 s
5 = ut+%at2 to catch up.
. ) Distance from A = §; = ut
—-16 = 241 -59.8¢
= (40)(58.28)
491 -241-16 = 0 = 23312 m

[Solve: t = 5.49 s or a negative solution]

(iii) From greatest height to ground: QO u=wa=-981=06v=-8

u=0,a=981r=3044,v =7 v = u+at

v = u+at -8 = u+(-9.8)(6)
-1

v = 0+(9.8)(3.044) u = 508ms

v=2983ms " s = ur+lar’

s (50.8)(6)—(%)(9.8)(6)2 = 1284 m
Height above ground = 128.4 + 40

168.4 m

16



Exercise 8.1
Q3 (iv) R°=3"+4"=25=R =5N
tan 6 = 3= 6 = 36.87°
M) R =242 -8R =.8=28N
tan =2 =1= 0 = 45°
(vi) R* =5"+12° = 169
:R=«/1_69=13

tan 0 = 15—2 = 0 = 22.62°

Teacher’s Manual

Exercise 8.2
Q1 (a) R, =.22+22=283

(b)

(©)

(d)

.. Overall resultant = 2.83 +5 =7.83 N in
direction of 5 N force

R, = A3°+3"=424N
Resultant =6 + 4.24 = 10.24 N in
direction of 6 N force.

R, = J10°+10° = 14.14 N

R =1414-10 = 414N

at 45° to each of the perpendicular 10 N
forces.

R, = 4> +4% =5.66
R = 5.66-2 = 3.66 N (in opposite
direction to 2 N force.

17



Real World Physics

Exercise 8.3

Q1 Horizontal component =200 Cos 70° = 68.40 N Q10 () Displacement: Compalongox =2Cos30°
Vertical component = 200 Sin 70° = 187.94 N =1.732 m

. . ) Comp along oy =2 Sin 30 = 1.0 m
Q2 (i) Horizontal force on cart = Horizontal

component = 3500 Cos 25° = 3172.1 N Y

(i1) Vertical force on cart = Vertical
component = 3500 Sin 25° = 1479.2 N

Q3 Horizontal component = 100 Cos 60° = 50
Vertical component = 100 Sin 60° = 86.6

Q4 Horizontal component = 200 Sin 40° = 128.6
Vertical component = 200 Cos 40° = 153.2

QS5 Resolve velocity into components parallel to (ii) Velocity: Comp along ox =5 Sin 30

and perpendicular to bank. — 25ms’

1
Parallel comp = 6 Cos 40° = 4.596 m s~ Comp along oy =5 Cos 30=4.33 m s

Perpendicular comp = 6 Sin 40°=3.857m s

Width of lake
Perp comp

_ 2000
= 3557 =5185s

Time to cross lake =

Distance travelled parallel to side in this time
= (Parallel comp) x Time
=(4.596)(518.5) = 2383 m

Distance from start= ./(2000)2 + (2383)2
=3111.1 m (iii)) Acceleration:

6 C Tlel to roof = 40 Sin 30° = 20 N Comp along ox = =3 Cos 30
Q omp parallel to roo in C 260 ms>

Comp perp to roof = 40 Cos 30° = 34.64 N Comp along oy =3 Sin 30 = —1.5 m 2

Q7 Horizontal component =4 Cos 30° = 3. 46 ms y
Vertical component =4 Sin 30°=2 m s

Q8 Parallel component = 30 Cos 20°=28.19 N =
Perpendicular component =30 Sin 20°=10.26 N -’3’0,\

A
o

\ 4

Q9 Parallel component =W Cos 6
Perpendicular component = W Sin 6

18



Exercise 9.1

Q1 F = ma = (20)(5) = 100 N

Q2 a=L=2-04ms”

Q3 F = ma = (100)(2) = 200 N

_F
Q4 m= -

Q5 u=6,F =40,m = 10,t = 12

() a
(i)

(i) s

4000

4000 _ 1333.3 kg

3

u+at
6+ (4)(12)

54ms"

1,2
ut + zat

(6)(12) + 3(4)(12)°

72 + 288
360 m

Q6 u=2v=101=4

Vv = u+at

10 = 2+ a4

a=2ms"’
F = ma = (20)(2) = 40 N

Q7 w = mg

i) w=(1)(9.8) = 98N

(i) w=(1x107)(9.8) = 9.8x10°N
(iii) w = (105)(9.8) = 1029N

iv) w = (m)9.8 = 9.8 m newtons

Q8 F = ma
F

m = - =

a

u=20,t

i v=

y =

Vv =

2000
4
=20,a = 4,v

= 500 kg

u+at
0 + (4)(20)

80 ms "

?

Teacher’s Manual

(i) s

2
ut + 3at

0+ (3)(4)(20%)
800 m

N

N

=80,v=0a=172°t=0.1
= u+at
= 80+ a(0.1)

_ 80 _ -2
=37 = 800 m s

F = ma = (800)(500) = 4x10°N

Q9 (a) azg =40-10 _15ms?

n 20
b) a=L =102 —qms?
© az,%:ﬁooz—oeoo 0ms>
Vv = u+at

20+ (1.5)(2) = 23 ms”
20+ (4)(2) = 28 ms '
2040 = 20 ms~

<
Il

<
Il

<
Il

Q10 a=E =200-40_ 1667 ms>

m 6

Q11 Car 100 km h™' = 100x1000 _ 57 78 1 s~

60 x 60
u=27.78,v=0,s=100,a="
vZ =u?+2as
0=(27.78)2+2(a)(100)

q= (27.78)2
T 200

a=3859N

F =ma =(1200)(3.859) = 4630 N = the force
needed to stop the car in 100 m

Force available = 2000 N

Answer = No

Force = 4630 N

19



Real World Physics

Exercise 9.2

Q1 Driving force =600 N, because if car is moving
at uniform speed, resultant force is zero.

_ E _ 1000 -600 _ -2

=L == = 05517 ms
u=0,v=100 kmh"' =27.778ms ",
a=055,1="2

v=u+at
27778 =0+ 0.5517t =t =50.35 s

vV—u

Q2 Deceleration of bullet =

Q3 (i) Object moving at constant speed
=a=0=T=19600N

(i) Accelerating down F = ma
= 19600-T = (2000)(2)
T=15600 N

Q4 Reading on balance = Tension
Net force = Mass X Acceleration

(i) T-98 = 10(0)=T = 98 N

(i) T -98 118 N

102)=>T

(i) 10g-T = 102)=T = 78 N
(iv) 10g-T = 10(0)=T = 98N
v) 10g-T = 10(9.8)=T = ON

Q5 Reading on scales = Normal reaction N
Net force = Mass x Acceleration

(i) N-980=10000)= N=980N
(i) N-980=100(0) = N=980 N
(iii)) 980-N=100(0)=N=980 N
(iv) N-980=1003) = N=1280 N
(v) 980-N=1003) =>N=680 N
(vi) 980-N=10009.8)=N=0N
Q6 Force = Rate of change of momentum

_ 225 _
= 505 =45N

20

Exercise 9.3

Q1 P =mv=(800)(20)=16 000 kgm s

Q2

Q3

Q4

Q5

Q6

Q7

QS

Q9

(a) P=mv=(1200)(30) =36 000 kg m s

(b) P=mv=(1200)0)=0kgms "

1

_ 100 x 1000 _ -
(¢) 100 km/hr = T 27.78 m's
P = mv = (1200)(27.78)
=33333.3kgms

(d 500cms ' =5ms"
P =mv =(1200)(5) = 6000 kg m s "

_ _ P _ 40000 _ 151 -1
P—mv=>v—m = T30 —333 ms

y=P2 -40000 _ 53000 ms
m 2

Total momentum = (20)(40) + (50)(=20)

=-200
=200 kg m s in the direction in which the
50 kg mass moves.

Momentum before = Momentum after

(800 x 20) +(1500)(0) =2300v = v = ]263(())%0

=696 ms "

P before = P after = (6000)(10) + (2000)(2)
=8000v=>v=8 ms ' in original direction
of motion.

P before = P after = (6000)(10) + (2000)(-20)

= 8000v
60 000 — 4000 = 8000y = v =7 ms " in
original direction of motion.

P before = P after

1

0=(10x107)(400) +2v=v=-2ms"
i.e. gun recoils backwards at 2 m s

P before = P after

(100)(10) + (60)(—15) = 100v + (60)(8)

= 1000 — 900 = 100v + 480 = 100v = -380
=vy=-3.8ms " ie. 100kg block moves with
38ms ' in opposite direction to its initial
velocity.



Q10 P.C.M. Q13
@) (0.6) + £3m)(0) = #1)(0.2) + Gm)x

0.6=0.2 + 3x
3x=04=x=0.133ms "

CA 0.6 @ CA 0.2 -
.6mst .2mst GrD_x>
Before After

1

Q11 (i) 0=500v+2x500 =v=-—2ms
i.e. recoil velocity is 2 m s

(i) Forgun:u=2,v=0,a="?,5=0.25
vZ =u?+2as
0=122% +2(a)(0.25)

__4 __ -2
a=—5z 8ms
F =ma (500)(8) = 4000 N Q14

Q12 P before = P after = (12 x 107)(200) +
(10)(0) = 10v + (12 x 107°)(50)

244+0=10v+0.6 = 10v=1.8
=1v=0.18ms '
Force exerted on block

_ Change in momentum of block
Time taken

_ (10)(0.18) - (10)(0) _
- 0.002 =900 N

Force exerted on bullet

_ Change in momentum of bullet
Time taken

-3 -3
_ (12x107°)(50) - (12x 10)(200) _ _
- 0.002 ==-900N

.. Forces have the same magnitudes QED

Q15

Teacher’s Manual

50ms
1,000kg

20ms!

4,000kg 5,000k >

(1000)(50) = 5000x = x = 10
(4000)(20) = 5000y = y = 16

v=J102+162 =18.87 ms

Velocity of wreck = 18.87 m s at 32° with
direction of lorry’s initial velocity.

Apply P.C.M. in direction of emission of mass
P before = P after
0 = (10)(2000) + (5000)(—x) => x =4 m s~

12,000 ms!
10kg

1

5,000 kg 40mst

e ——L

Thus rocket recoils at4 ms™ . It still keeps its

40ms:

Resultant velocity: v = /402 + 42
=40.1995 ms™

0 = Tan"' (%) = Tan"' 344_0) = 60 =57°

Velocity of rocket = 40.1995 m s at 5.7°
with original direction of motion.

(0.08)(5) + 0 =0.280v
v=143ms"

Change in momentum for 80 g mass
= (final momentum — initial momentum)
= (0.08)(1.43-5)=-0.286 kgm s’

Change in momentum for 200 g mass
=(.2)(1.43)=0.286 kgm s~

Force = Change m.momentum — 0286 _ 2.86 N
Time 0.1
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Exercise 10.1

Q1 @
(ii)
(iii)
(iv)

Q2 @

(ii)

(iii)

(iv)
Q O
(ii)

(iii)
(iv)

22

200 g = 2% kg =0.2kg

1000
4 2=0.004 kg
2><105g=21X0—3005 =200 kg
24mg=24x10" g = %kg
=2.4x10 kg

lem’ =1x10°%m’
120cm’ = 120x10° m’
-12x10* m’

4 litres = 4000 cm’ = 4000 x 10° m’
—4x10° m’

2% 10%m’ = (2% 10%)(1x107°) =2m’

lem’=1x10"* m’

220cm’ = 220%x 10 m’
= 22x10"° m’

4mm’ =4x10°m’

3% 10" cm® = 3 m®

Q7
QS

=38x10"m’
3cem’= 3% 1076 m’
m = pv

= (1.05x 101 (3% 10°%)

= m = 0.0315 kg

m=pV=(136x10"(1x107°) =0.0136 kg

-3
:’1[ = V: m = M
P=y P 73x10°
=274%x10°m’

Volume = Area x Thickness
274%10° = Ax2x10°
= A=137Tm’



Exercise 10.2

A 5
Q2 P=f=—%_ =24000Pa
25x10

Q3 (i) Areaofside A
= 3x10)(5x107%) =15%x10" m’

(i1) Area of side B
= (3x107)(9%107%) =2.7x10" m’

(iii) Area of side C
= (5x10°)(9%107°) =45x 10" m’

Force = Weight of block = (4)(9.8) =39.2 N

@ P=f=_22_-2613x10*Pa
A 15x107

(i) P=—22_ =1452x10" Pa
27x10"

(i) P=—22— =8711x10° Pa
45%x10°

Q4 P= g F=PA = (400)(0.06) = 24 N
Q5 F=PA=(1x10°)(621x107") = 6210N
Q6 F=PA=(500)(n(0.1)") = 157N
Q7 P= g = F = PA = (556)(2.2)(2.2) = 2691 N
= weight of oil
_ _w . _m w
W= mg:)m_g Lp o= vV T ey
= 201 _2579kg m™
(9.8)(2.2)3

Q8 P:% :%(9-82) =62 388.7 Pa

Teacher’s Manual

Exercise 10.3

Q2 P = pgh = (1000)(9.8)(33) = 323 400 Pa
Q3 (i) P=pgh=(10")(9.8)(0.2) = 1960 Pa

(i) P=pgh=(13.6%10)(9.8)(0.2)
= 26 656 Pa

Q4 (i) P =pgh=(1000)9.8)(1)=9800 Pa
(i) P = pgh=(1000)(9.8)(1.1) = 10 780 Pa

(iii) P= g — F = PA = (9800)(0.2)(0.3)
= 588 N

(iv) P=

|

= F = PA = (10 780)(0.2)(0.3)
= 646.8 N

Resultant upward force on block

=646.8 - 588 =58.8 N

Weight of block = 70 N = it will sink.
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Exercise 10.4

Ql P, =1x10°,V, =3m
P, =3x10°,V, = ?
P1V1:P2V2

PVi  1x10°x3
V,=-—L1=
: P, 3»><105
‘/2=11‘l13

Q2

Q3
Q4

Q5

24

@ PV, =PV,
(1x10°)(40%x 107°) = (160 x 10°°)P,
p, = (L 101)(40x 10™°) _ 25000 Pa
6

160 x 10~
(i) PV, = PV,

(1x10°)(40 x 10°°) = (80 10°°)P,

5 -6
P2=(1><10 )(40i<610 )=50000Pa
80x 10

(i) P,V, = P,V,

(1x107)(40%x 107 = (1x10°%)P,

5 —6

P, = (1x10 )(40_: 107)
1x10

= 4000000 Pa=4x 10° Pa

No calculations required.
i1 PV, =PV,

(1x10°)(700x 10°%) = (2% 10°)V,

V. = (1% 10°)(700 x 10°%)
? 2%10°
=35%x10" m’ =350 cm’

(i) (1x10%)(700x10°) = (7x 107)V,
V. = (1x10%)(700 x 10°%)
’ 7x10°
=1x10" m’ =100 cm’
Gii) v, = X 10°)(700 x 10
sx 10*
=1.4x107 m’ =1400 cm’

20 Pa m’ since at a fixed temperature PV is a
constant by Boyle’s Law.

Exercise 10.5

Gravity solutions

_ (67x 10”1y (1)

1
=67x10" N

_ (67x107')(76)(6 x 10**)

(6.4 x10%’
7459 N

_ (6.7x10"1)(90)(1000)

22

1.508x10°* N

_ (6.7x107"1)(76)(7 x 10%)

(17 % 10%’
123.34 N

_ (67x10)(6x10™) (7% 10%)

38x10%)°
1.95x10* N

_ (67x10")(6x10*)(1.9x 10™)

Q1 F= G";;’”z
Q2 F= G”:z’%
Q3 F= G”;'z’”z
Q4 F= G";;’”z
Qs F= G”:z’”2
Q6 F= G”;'z’”z

(5% 10"y’
=3.39x10* N



Exercise 10.6

Q1 ¢

Q2

Q3

Q4

Q5

Qo6

_GM _ (67x10”"(1.9x 10%)
R (7x107)°
=2598ms”
=26ms’

W = mg = (90)(26) = 2340 N

_GM (6.7x 107" (1.9 x 10%%)
g_ 2 - 6.2
R (1.7 % 10%)

1.62ms”

W =mg = (60)(1.62) =97.2 N

_GM;  (67x10"(1.9% 107
gS - 2 - 3 B
Ry (6.956 x 10°)

=263 ms >

Weight = force of gravity

GMm GM
TET R

If g, = acceleration at distance d, then weight

=>mg =

R2

of object of mass m = mg, = grav force of
attraction.

GMm GM
Semgy = > = 8d = —5
d d

At height h above surface of planet of radius R,
distance from centre d = R + h

_ GM
h = 2
(R+h)

GM
g=

= by previous question
(R+h)

2°

—11 24
_ (67x107)(6x10™) _ g 51 1 52
(6.4 % 10% + 100 x 10%)

Q7

QS

Q9

Q10

Q11

Teacher’s Manual

Value on surface = 9.8
Half value on surface = 4.9
Let d = distance from centre of Earth to object.

. _GM 2 _GM
(i) 4.9_? =d =75

_ (67x10"(6x10%)
49

—=d=9058%x10°m

Radius of Earth = 6.4 x 10°
~. Height above surface =
9.058 x 10°-6.4x 10° = 2.7x10° m

ie. h = 27%x10° m

(ii) Acceleration= £ =22 =0.98 = %/I
d

- [oM =J((6.7x10"1)(6x1024))
0.98

0.98
=2.03x10’
Height=d - R =2.03x 10" - 6.4 % 10°
=1.39x10’
2 6
_GM _ gR™ _ (98)(64x10")
= =M= =2/ 777 7/
8 R’ G 67x10 "

=5.99 x 10 kg

g=Y —98=9"
R R

Distance from centre of Earth is 3R.

g = =5 (%) = 508)=1.089ms”

3R I\R?

No calculation required.

GM

e
2
Re

-5 = (T - onni)

e m

- g, = g.(1.081)=(9.8)(0.292) = 2.86 m s

m

R2

m

gm = and g, =

25
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Q12 Let P be the point where resultant force = 0

26

Suppose P is a distance y from the Earth and a
distance x from the moon:

GM,m  GM,m
- 2
y X
Where m = mass of object placed at P
—26 = —2m x—i = ]&1 el )_C = _m
y X y ME y Me

Also x+y = 3.8x 10°

y=38x10°—x

x=J%(3.8x108—x)
_ |1 8 _
x—J;(S.SXIO x)

—=0x =38x10°—x
= 10x= 3.8 x 10*
x=38x10" m

Resultant gravity force is zero when
3.8x 10" m from Moon.

Exercise 10.7

Q1

Q2

Q4

Q5

() M = Fd = (10)(04) = 4Nm
(i) M = Fd = (10)(0) = 0Nm

(i) M = Fd = (10)(0.9) = 9Nm
(i) —(10)(0.4) - (1)(0.5) — (12)(0.7)

+(28)(0.5) = +1.1

(i) —(12)(0.2) + (10)(0.1) +5(0.5) = +1.1
+(5)(0.7) + (10)(0.3) + 1(0.2)
~(28)(0.2) =+ 1.1

(i) (a) (12)(0.4) +(60)(0.2) = X(0.4)
=X =42N

(b) (30)(X) = (10)(0.25)
=X = 0.0833 m = 8.33 cm

(c) (20)(0.35) + (40)(0.15)
= (10)(0.15) + 30(X)
= X = 0.3833 m = 38.33cm

(d) (20)(0.4) + (40)(0.2)
= (60)(0.1) + (10)(0.3) + X(0.2)
=X =35

Weight W acts vertically down through 50 cm
mark.

Take moments about 45 cm mark:

W(0.05) = (60)(0.35)=>W = 420 N

Weight of stick = (20 + 40) — (10 + 20 + 28)
=>W=2N

Moments about A:

Clockwise:

(10)(10) +(20)(30) + (2)(50) + (28)(100)
=3600 N cm

Anti-clockwise:

(20)(20) +(40)(80) = 3600 N cm

.. Sum of moments = 3600 — 3600 = 0

Moments about B:

Clockwise:

(20)(10) +(2)(20) + (28)(70) = 2200 N cm
Anti-clockwise:

(10)(20) +(40)(50) = 2200 N cm

.. Sum of moments =0



Q6

Moments about C:

Clockwise:

(20)(30) + (28)(50) =2000 N cm
Anti-clockwise:

(40)(30) +(20)(20) + (10)(40) = 2000 N cm
.. Sum of moments =0

Moments about D:

Clockwise:

(40)(20) + (20)(80) = 2400 N cm
Anti-clockwise:

(10)(90) +(20)(70) + (2)(50) = 2400 N cm
. Sum of moments = 0

Let R, =force at 10 cm and R, = force at

70 cm.

Let W = weight of beam. It acts at 50 cm (i.e.
in middle). Take moments about 10 cm mark:

(R,)(0.6) = W(0.4) = R, = §W

R +R, =W = R, =3W

Teacher’s Manual

Q7 10m
[¢3 m-p ]
X Y
Man (100)(9.8) Boy
= 980N

Take moments about boy:
X(7)=(980)(5) = X =700 N

.. Man exerts 700 N and boy (980 — 100)
=280 N

-~ X —=

: “

Man Boy

Man supports three times weight of boy
=  Man exerts %(980) N =735N
Boy exerts i(980) N =245N

Take moments about centre:

(735)(X) =(245) (5) > X =1.667 m

Q8 8m

Man \ Boy
200 x 9.8

=1,960N

Man exerts g of 1960 = 1568 N
Boy exerts % of 1960 =392 N

Moments about weight: (1568)x = (392)(8 — x)
= 1568x + 392x =3136 > x=1.6 m
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Exercise 10.8
Q1 F(0.05) = (300)(1.5) = F = 9000 N

Q2 T = Fd = (40)(0.5) = 20N m
Q3 T =Fd=85=F(04)=F = 2125N
Q4 T = Fd= 600 = F(0.1)= F = 6000 N

28

Exercise 11.1

Q1
Q2
Q3
Q4

Q5
Q6
Q7

Q8

Q9

W = Fs = (10)(30) = 300 J
W = Fs = (400)(30) = 12 000 J
_ _ W _ 20000 _
W=Fs=s =+ = S0 =58.82 m
W = mg = (100)(9.8) = 980 N
W = Fs = (980)(60) = 58 800 J
W = Fs = (20)(9.8)(1) = 196 J
W = Fs = (60)(9.8)(8) = 4704 J
u=0v=30,r=10,a = 7,5 = ?
Find a: v =u+at
30 = 0+a(10)
—a=3ms"
Find s: s = ut+%at2

s = 3(3)(10%)
s = 150 m

F = ma=F = (800)(3) = 2400 N
W = Fs = (2400)(150) = 360 000 J

u=0

v=80kmh = %ms_l =222 ms"
t=20,a=7s="7?

Find a:

v=utar=2222=a20)=a=111ms"
Find F:

F=ma= F=(1000)(1.11)= 1110 N

Find s:

s=ut+1ar’ =s5=1(1.11)(20)2 =5=222m

Find W:
W=Fs=(1110)(222) =246 420 ]

The answer is 246 914 J if you retain all
decimal places throughout the calculation.
Let & = Vertical height

Sin 40° = {& = h =10 Sin 40°

W= Fs=(105)(9.8) 10 Sin 40° = 6614.28 J

If ladder was vertical:
W= Fs=(105)(9.8)(10) =10 290 J



Exercise 11.2

Q1 E
Q2 E
Q3 E

Q4 E;

QS E;

Q6 G

—
~

(i)

(iii)

(iv)

—

Q7

(i)

(iii)
(iv)

)

- %mvz - G) (20)(12)*= 1440 J
= %(1000)(28)2 =392 000 J

7.2

= % (9.1x 107" (1.5x 10")

=1.024x107"%]

1 2 2E,
=-my =m =—
2 v2

_ (2)(160 2000) — 800 kg
(20)

= l mv2 =y = @
2 N m
_ [(2)(4000) _ -1
=500 = 6.32ms

% (4% 107)(400)* =320 J
% (800)(28)° =313 600 J

1 100 000\2 _ 6
5310 OOO)(W) =39%x10°J

1 -34 (150 000\2 _
(3010 )((60)(60)) =26]

% (20)(3)>=90 J

% (20)(30)> = 9000 J

Change in E, = 9000 — 90 = 8910 J

Work done = change in E;
= Force x distance
~8910=(12) s=>s = 7425 m

From above: 8910 J

QS

Q9

Q10

Teacher’s Manual

Work done on bullet = loss in E,
= (0.5)(4 x 107)(200)> =80 J

W=Fs=>F=%-380 _160N
s 0.5

Work done = Fs = (160)(0.25)
=40J =lossin E,

Remaining £, =80J-40J=401J

- 40= % (4x103)y2 = v=1414ms "

1 2
E, = 5 mv
Double speed to 2v

_1 2 —acl, 2
E, = 5 m(2v)? = 4(2mv )

= E, has quadrupled.

1 2 1 2
§m1v1 = szvz

2 2
m(4v,)” = myv;

m 1
L— == tmy,=1:1
m2 léiml m2 6
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Exercise 11.3

Q1

Q2

Q3

Q4

Q5

Q6

Q7

30

E, = mgh = (20)(9.8)(600)
=117 600 J
E, = mgh.. 4000 = (4)(9.8)h
-~ 4000 = 39.2h
4000 _
h=12 =102m
E, = mgh = (3)(9.8)(60)

—E, = 1764 )
1764=%(3)v2:v = 343 ms”’

Loss in kinetic energy = gain in potential
energy.

%(,71)(100)2 = m(9.8)(h)
h=510.2m

E, = mgh = (100)(9.8)(50) = 49 000 J

p

E, at 30 m = (100)(9.8)(30) = 29 400J
Kinetic Energy = Loss in potential energy
=19 600 J

Lossin E, = Gain in E},
m(9.8)(0.5) = %mvz
v = J(2)(9.8)(0.5) =313 ms™

Loss in Potential Energy = Gain in Kinetic
energy

mg(2 —2 Cos 40°) = % mv?

v=.J4g(1-Cos 40°) = 3.028 ms ™'

Q8 (10)030)+0=25v=>v=12ms "

Q9

Initial £, = ; (10)(30)* =4500J
Final £, = % (25)12% =1800J

Lossin E, =2700 )

7 7
2m
100ms! J
= u
6 grams 5kg

Conservation of momentum:

1

6 _ _ .
- (m)(lo()) =5.006u=u=0.1199 ms

Gainin E, = Loss in E

(5.006)(9.8)h = % (5.006)(0.1199)2
= h=0.073 cm



Exercise 11.4

Q2
Q3
Q4
Qs
Q6
Q7
Q8
Q9
Q10
Q11

_E _ 18000 _
P‘?‘(30)(60) =10W

_E _ 60000 _
P_?_ 0 =1000 W

E = Pt = (60)(5)(60)(60) = 1.08 x 10°J

E=Pt=(130x10)(5)(60) = 3.9x 10" J
p=W_(G0O8GN) _ 2042 W
t 12
p=W_ 50O _ 408 W
t 60
p= w - (40)(9.8)(50)(0.16) — 784 W
t 40
w 1x10
=W 1xX10 1598756
P 77%10°

W = Pt = (1000)(60)(60) = 3.6 MJ

Teacher’s Manual

Exercise 11.5

Q1
Q2

Q3

P
% efficiency = 22 x 100 = 2208 x 100 = 80%
1

5000

Power out = Work _ mgh _ (2000)(9.8)(20)
Time t 10
=39 200 W
P
% efficiency = P—‘[’ X 100 = 2238 x 100
= 65.3%

25% of input power = 130 kW

75% of power becomes heat .. amount
converted to heat :(%)) 75 kW = 390 kW
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Exercise 12.1
Q1 180°=rmrad=1°= Z rad

180
o_ 10w T
= 10° = mrad— ﬁrad
48° = ‘%‘ = 0.878 rad
T 180° °
Q2 frad=1%" =36
T 180 _ o
7 rad = = =25.7
1 rad = %) = 57.296°

42rad = %7([“50) = 240.64°
Q3 6 :E =5 =716
i s=@3)(1)=3m
(i) s=@3)(7)=942m
(iii) 5= (3)(’1) =236m
(iv) s= (3)(“12830)”) 6.44 m
Q4 0=2 =r=3=2=08cm
Q5 0=1=s=r6=(93x10"(0.00932)
= 8.67 x 10° miles

Q6 s=r6 = (22)(123) 0.384 m

32

Exercise 12.2
Ql () v=1=1-=0333ms

(2)(60)
(ii) a)—E—g—O.lllrads
_0 _6_ 3
(1) a)_; :t_v;_ﬁ_MlSs

Q2 r=10m, w= 4rads”
v=owr=(4)(10) = 40ms

-1

s s 1000
V= = t==: = 70 =25s
v _ 3 _ -1
Q3 a)—r—o—.4—7.5rads

Q4 () v=owr=(6)0)=0ms"

(i) v=o0r = (6)(03) = 1.8ms"

_(400)(27) -
Q5 w-= 0 rad s

v=or=(H920)(2)=83.78 ms”

Q6

&

63

0 0=2 =552

(24)(60)(60)

=7.27%10"° rads™

(i) v=wR= (727X 10_5) X (6.4 X 106)
—465ms "

(iii) v= @R = (R, Cos 53)
= (7.27 x 10-5)(6.4 x 106) Cos 53
—280 ms "



Exercise 12.3

Q2
Q3

Q4

Qs
Q6
Q7
Q8

F = ma = (5)(144) = 720 N
2

2
.. _v (127 _ -2
(ii) a_T_(m)JSOms
F = ma = (5)(480) = 2400 N
() o=Y=2 =10rads

(11) a:‘}? = — :40ms

(ili) F = ma = (10)(40) = 400 N

100 000 )2
2 (950) 60)(60
F=" - # — 7330 N

v = rw = (05)(20) = 10 ms "

v _ w2 (500%) _

Lossin E;, =Gainin E,

1 2 1 2
§m5 —5mv =mgh

G) (5%) - (%) V¥ = (9.8)(0.8)

12.5-7.84 = %2 —y=305ms"
2

F=ma=(024)(11.63) = 279N

Teacher’s Manual

Exercise 12.4

Q1

Q2

Q3

Q4

2 _ GM _ (67x10")(6x 10*)
R (64x10%+ (50 10%

=71y =2669.8ms "

7o 2%R _ ()(m)(64x 10%) + (50 x 10%)]
Ty 2669.8

=132733.41 s = 36.87 hours

2.3 2
L SN SN i)
GM 3 o
30 min = (30)(60) s
R - 3A/[(30)(60)]2(6.7>< 1076 x 10%)

4n2

=32x10°m

b, = [GM _ J(ﬁﬂx 107 (6x 10*)
R (32x10%
= J1.2562%x10° =11 208 m s

72 _ 4R’ o 7%= 4 (7.8x 10"y
GM 6.7x 10" 2.0 x 10°%)
=1.3981x 10"

= T=3.739%x10°s = 11.9 years

2 3

T’ < R
T RS 2 2 (Ro)? 2 3
R N (R_S) =T,(9.5)°
T, Rg E

T =Ty J(9.5) =T,(29.28) years

Since period of Earth’s orbit = 1 year
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Qs [vz = %ﬂ Exercise 13.1
GM Ql F =ks=F = 4000s
2
oo & () s=2cm=2x102m
3 T G,

~ F = (4000)(2x107%) =80 N

(:—Z)Z _ (%)(A%) (i) 1000=4000s = s =0.25m

Rz =R, and v, = 10v,

Q2 F =ks=8 = k(0.06) = k = 133.3

, M, (i) F = (133.3)(0.02) = 2.67 N
= (10)" = M—i = M, = M(100)
E ..

1) 15=(1333)(s) = s = 11.25cm

=6x 10" x 100 ) ( )(s)

= 6x 10" kg
2.3 2
47°R T°"GM
Q6 T’ = = R=3:
oM 4an

2

R - 3J(86 400)*(6.7 x 107"1)(6 x 10**)

47
=424%x10" m
2 GM [6M _ |(6.7x 1076 x10*
y = T =V = T = - 7
4.24 x 10
=3079ms"
Q7 w=2=_2" _ _(727x107) rads™’

r (24)(60)(60)
() v=wr =(727x107)(6.4%10°%

=465ms"
() a=@'r = (727x107) (64x 10%)

=0.0338 ms
(0.03385 if you don’t round off ®)
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Exercise 13.2

Q1

Q2

Q3

Q4

Q5

Q6

Q7

QS

4 025

(i) T = Time for one oscillation = 50

_ 20 _
_5—0_0.45
a = s a = 4s
2 = o’(05) |a = 40.1) = 04ms
:>w2=4 a=4S:>S=%l
=05
T4
= 0.125 m

Force is max when accel is max and when
displacement is max, i.e. force is max at amplitude.
2
a= s
2 2
l=w(0.1) > w =10
Fue _ 60

a =2 == =5ms’

max
m

2

—

2
a= s

5=10s =S =0.5m

max max

_2r _2n
. _2n 2 _
L0 =32 = 0" =157914
a= s = a=(157.914)(0.04)
a=63165ms"

F = ma = (4)(6.3165) = 2527N

a=0s=3=005=>0=.6

_2r _ 2m _
T_E =% =2.565s

a=ws=25=00.14)= o = 4226

T:2_77:_ 2r

T I3 = 1487 = f=0.673 Hz

Teacher’s Manual

Exercise 13.3

Q1
Q2

Q3

Q4

- l — 2 _
— % _
T—% =18s

2
g=47r2A/Z2 = (“L(Of) =9.75ms"
T (1.8)

2
r=2r [l = =60
8 47

2
1= C8C) 20,9929 m =99.29 em
47
R R I‘Q R
_GM
§="5 8=

R is four times bigger = g is 16 times smaller

T= 271A/£
Theign: = 27 JI = JT6 (ZnA/té)
(5)

=4 (Period on surface) =4(0.4) =1.6 s
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Exercise 14.1
Q1 T/K=v°C +273.15

(i) =0+273.15=273.15K
(i) =-100+273.15=173.15K
(i) =20 +273.15=293.15K
(iv) =100 +273.15=373.15K

Q2 1/°C =T/K -273.15

(i) =100-273.15=-173.15 °C
(i) =273 -273.15=-0.15 °C
(i) =373-273.15= 99.85 °C

(iv) =500-273.15=226.85 °C

Exercise 14.2

Q1 No calculations required.

Q2 No calculations required.
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Exercise 15.1

Q1
Q2
Q3
Q4
Qs
Q6
Q7

Q8

Q9

Q10

Q11

Q = CA6 = (1500)(80 - 10) = 105 000 J
0 = CA0 = 46 = & = L0 = 1667°C
Q0 = CAG=C=2 =20 _4p0 yK™
Q = mcAf = (2)(4180)(80 — 12) = 568 480 J

0 = mcAO =(12)(390)(120 - 10) = 514 800 J

_ 0 _ 11 088
Q = medd =C= "5 = 550557
=385 J kg 'K
_ 0 _ 1000000
Q = meAb =m =735 = G5D(100-20)
- 12.32 kg
_ _ 0 _ 4000 _
Q = mcad = 46 = £ = A =239

.. Find temperature of water
=20°C+ 2.39°C=22.39°C

=20°

0 = mcAO = A9 =2
mc

For copper A0, = % =51.3°C

.. _ 40000 _ HHyo
For aluminium A6, = DE10) - 22°C
Find temperature of copper

=0+513=513°C

Find temperature of aluminium
=20+22°C=42°C
= Copper reaches the higher temperature

Heat added = heat to copper + heat to water

m.c, A0 T+ m,c,A0T

= (0.08)(390)(60 — 18)
+(0.120))(4180)(60 — 18)

= 1310.4 + 21067.2

=22377.6)

Heat supplied Q = mcA0Q
=(5)(4180)(90) =1 881 000 J

. _ Energy supplied _ 1881000 _
Time = Somer = 000 1881 s




Q12 Let 0 = final temperature

Q13

Heat lost = Heat gained
(0.03)(4180)(100 - 6)
= (0.1)(4180)(6-120)

3(100— 6) = 10(0-20)

300-36 = 1060-200
500 = 136
=60 = 38.5°C

Final Temp = 38.5° C

Heat lost by Copper = Heat gained by water +
Heat gained by Calorimeter
m.c, AL =m,c, AOT + m,,,c,AOT

(0.12)(390)(100 — 6)
= (0.08)(4180)(8-20)
+ (0.06)(390)(0 - 20)

46.8(100 — 6)
= 334.4(0—-20) + 23.4(6 — 20)

(- 46.8 —334.4—23.4)
= (= 46.8)(100) — 20(334.4) — 20(23.4)

= 404.660 = 11836
6 =29.25° C

Teacher’s Manual

Exercise 15.2

Q1

Q2

Q3
Q4
Q5
Q6

Q7

QS

Q9

0 =ml
0= (10)(3.3%x10°) = 3.3x10°J

O=ml=(05)(33x10°) = 1.65%x 105 ]
=165kJ
1x10°

33%10°
O=mil=(04)(23x10% = 9.2x10° J

Q=ml=m="% = = 3.03 kg

0 =mil=(0.08)(23%x10° = 1.84x10° J

Heat needed = Heat to melt ice + Heat to raise
melted ice from 0° to 99°

=ml+ mcAO
= (3)(3.3x 105) +(3)(4180)(99)
=2.23MJ]

Heat needed = Heat to melt ice + Heat to raise
water to 100° + Heat to vaporise water at
100°

=ml; + meAOT + ml,
= (1)(3.3x 10°) + (1)(4180)(100)
+(1)(2.3x 10% =3.05 MJ

O=mcAO +ml
0 = (0.06)(4180)(100 — 15)

+ (0.06)(2.3 x 10%)
0=21318+ 138000 = 159 318 J

( Heat ) _ (Heat to) (Heat to bring melted)
needed) ~ \melt ice ice from 0° to 100°

=ml; + mcA6T

= (0.06)(3.3 x 10°) + (0.06)(4180)(100)
=44 880 J

Heat lost by steam = m,l,

- my(2.3%10% = 44 880

. m, =19.5 grams
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Q10 Let 6 = final temp reached

Heat lost by water = Heat gained by ice

Heat lost by water = Heat to melt ice + Heat to
bring melted ice to final temp.

m,c, fallintemp =m;. I, + m;c, rise

in temp

(0.5)(4180)(80 — 0) = (0.2)(3.3%x 10”)
+(0.2)(4180)(6-0)

167 200 — 20906 = 66 000 + 83660

167 200 — 66 000 = (836 + 2090) 6

0 =34.6°C

Q11 Let 0 =final temp reached

38

(i) Heatlost by steam = Heat gained by water

myl, + mc, (fall in temp) = m,,c, (rise
in temp)

(0.002)(2.3 x 10°%)
+(0.002)(4180)(100 — 6)
= (0.08)(4180)(6 - 10)

4600 + 8.36(100 — 0) = 334.4(6— 10)
4600 + 836 — 8.366 =334.40 —3344
4600 + 836 +3344 = (334.4 + 8.36) 0
0 =25.6°C

(i) Heat lost by steam = Heat gained by
water + Heat gained by Cal

i.e. Heat lost by steam
=m,c,A0T + m.c.A607T

wrw

= 4600 + 8.36(100 — 6)

=334.4(0-10) +27.3(6-10)

4600 + 836 — 8.360
=33440 -3344 +27.360 -273

4600 + 836 + 3344 + 273
=(334.4+8.36+27.3)0
0 =245°C

Q12

Q13

Q14

Heat lost by water + Heat lost by calorimeter
= Heat needed to melt ice at 0° C to water at
0° C + Heat needed to raise temperature of
melted ice from 0°C to 5.1°C

ie. m,c, (fallintemp)+ m.c, (fall in temp)
=M, L+ M, .Cy(5.1)

= (0.08)(4180)(25 -5.1)

+ (0.05)(390)(25 - 5.1) =(0.02) L
+(0.02)(4180)(5.1)

= Latent heat of fusion of ice L

33x10° Jkg

1 litre = 1000 cm”

Q=mcAO

Heat needed = Heat to bring kettle from
10° — 100° + Heat water 10° — 100°

= malcal(go) + mwcw(go)
= (0.5)(910)(90) + (1.7)(4180)(90)

=40 950 + 639 540
=68049017J

Energy _ 680490 _ 272 §

Time taken =
Power 5 5,10 .
) =4.54 min

0 =mi= (1_21) (2.3x10°) = 1.955x 10°J

6
Time = 1222X19. ~ 78 s = 13,03 min
2.5x10

E,=mgh=(3.5%107)(9.8)(3000) =102.9]

Let mass melted = m

Q:mlf:>m:9: 102.9

Iy 33%10°
=3.1181x 107" kg =0.31 grams

Residual mass of hailstones = 3.5 — 0.31
=3.19 grams



Exercise 16.1

Q1

Q2
Q3

Q4
Q5
Q6

Q7

10 Hz = 10 cycles passing per second

Duration of 1 cycle = %) s=0.1s

Wavelength=2Xx2 m=4m

Amplitude = max. disp from undisturbed
postion = %(2 m)=1m

c=A=(1505)=75ms"
c = Af =(3.125)(96x 10°) = 3x10° ms™

1

c=AM=(6)50%x10% = 3%x10°ms
(for station 1)

All radio waves travel at the same speed in air
(=vacuum)

¢ _ 3x10°

I 25x10°

- For station2: ¢ = Af =A=

=12m

8
A=5%x10"= f=¢=210 - 6510 Hz
A s5x107

_ 3x10°

A=1x10"=f= ¢ -
A xi10

=3x10" Hz

Frequency range = 6 X 10" Hz - 3x 10" Hz

QS

Q9

Q10

Teacher’s Manual

c=Af =12%x40 =480 ms™
(i) fremains the same;

(i) ¢ = Af,if fremains the same and ¢
doubles then A doubles.

15 min = % period

.. Period = 30 min = 30 X 60 sec = 1800 s

Lo 1
f‘?_ 1800
_ -1 _ 400x 1000 -1
v =400 km hr —Wms
=111.11ms"
o= A =A=5=11-199998m
I ()

1 7040
. _ ¢ _ 500 _
In other medium A = 7= 50 - 58.82 cm
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Exercise 16.2

Q1
Q2
Q3

Q4

Q5

40

No calculations required.

No calculations required.

Distance from node to antinode =5 m
'.%=5:>7\,=20m
.4
— _C___
c=fA=> f_7_\._20_0'2HZ

2
c = f/l:>),=]%:w—20.lm

Distance between adjacent nodes = % =0.05m
=5cm

c=340ms ", f=7

8@ =2m=2A=7=05m

f=< =22 =680 Hz

A 05

Exercise 16.3

ctu 336 + 50
;_ fe _(600)(340)
Q3 f _CTM:WZO_ 340 —u
. (600)(340)
= 340 -u= T

Q4 f=1000Hz, u=40ms ', c=336ms

Q5

=u=56.67ms"

1

Jfc _ (1000)(336)

While approaching: f " = = "(336-40)

c—u

=1135.1Hz

fe  _ (1000)(336)
c+u (336 +40)

While going away: f ' =

=893.6 Hz

Change in frequency = 1135.1 — 893.6
=241.5 Hz

fe  _ (2000)(336)
T (336-20)

=2126.58 Hz

fe  _ (2000)(336)
c+u (336 +20)

=1887.64 Hz

Approaching f’ =

c—u

Going away: ' =

.. Change in frequency

=2126.58 — 1887.64 = 238.9 Hz



Q6

Q7

Q8

f=4000 Hz
Highest note is heard —
when at A
f’ =4200, c = 340, ‘
u=" A
. r_ fe
O f = T
= 4200
__(4000)(340)
T (340 —u)
=u=1619ms"
(ii) Lowest note occurs at B: ' = CJ:C -
_(4000)(340) _
T (340 +16.19) 3818.2 Hz
(iii) Time = Ristance _ 2n(1) _ g 388 ¢

(iv) Time = &288 =0.194 s

Train approaching: Train receding:
r_ fe s _ fc
U U
— (/)(340) — (/)(340)
1000 =50 800 =0 +u
= (1000)(340 — u) (800)(340 + u)
= 340f = 3401

<. 10000340 — u) = 800(340 + 1)

—=u=3778ms"

. »_ (1000)(340-37.78) _
o f= 340 = 888.9 Hz

rfe _(200)(336)

fr=T =208 “(336-u)
_ (200)(336)

= 336—1/1 = W—

—=u=1292ms"
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Exercise 17.1

Q1

Q2

If we assume the time taken for the sound to
travel up from the bottom of the well is
negligible compared with time for stone to fall,
we have:

For downward journey of stone:
u=0,a=98r=2,5s="?

s =ut+ % at’
5= (%) (9.8)(2)

=s5=19.6 m

The problem becomes much more difficult if
we do not make this simplifying assumption.

For stone falling down:

u=0,a=98,s=2%1¢ =7

For sound travelling up:
Time for sound to travel up

=1, = 5= = 5= 3401, 2
Nowt, +¢t, =2 .. t, =21

Equating 1 and 2:

4917 = 3401,

4917 =340(2-1,)

4917 + 3401, —680=0

Solving for ¢, :

(340 J(340)2 —4(4.9)(-680))
h= 2(4.9)

t, =1.945s

1 :s:%(9.8)(1.945)2

= 18.5 m = depth of well

_ Distance
Speed = ==
= Distance = (Speed) x (Time) = (340)(4)

= 1360 m
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Exercise 17.2

_ o
QL f= 21[;7‘(2)(08)@‘442Hz

f= leﬁ = 4P =1
= T =411’ u = (4)(500)°(0.6)°(0.02)
=7200 N

_ Mass _ 0.05 _ -1
Q3 u-= Tongth — 08 — 0.0625 kg m

_1 T _ 1 100 _
/= z_l[ﬁ ~ (2)(0.8)N0.0625 25 Hz

_ 1T _ 1 400 _
7= 3l = oo = 351

Q5 f=oc JT= [ = kT

If tension is increased four times to 47.

Frew = kalToew = kJAT = 2kT = 2f
i.e frequency is doubled

Q6 foc JT=f = kJT
260 = k40 = k = 22

/20
- ()

. . 260
When Tis 160, f= =— /160 =520 H
) enTis f T z

.. . 2604200
11) When T'is 200, f = = 581 Hz
(ii) S 7K

Q7 (@G) f o< % If length is doubled fis halved
- f=230 Hz
(if) foe 7 =f=k

= (460)(0.6) =276

276
~f=

o f= 21_759 =184 Hz

42

Exercise 18.1

Q1

Q2

Q3

Q4

Q5

Q7

d=28x10"m,n=20=652

nA=dSinf@=A=

(2.8 % 107°)(Sin 65°)
- 2

A =1269%10"°m
2 = dSin6 _ (25x 107%)(Sin 40°)
n 1

=1.607 x10 °m

d Sin 6
n

d:ﬁ)mm 0.005mm=5x10"°

1
d—%mm 0.002mm=2x10"° m

d—% mm = 0.00125 mm = 1.25x 10° m

nAd =dSin = A= ds;”

. = (125 107%) sin 30°

1 =625%x10" m

_ 1 _ _ -6
d—m mm = 0.0025 mm = 2.5x 10

nﬂ.=dSin9:>ﬂ.=dSriln9

= (25%10°%) Sin 31°

> = 644%x10 m

n=2

7l ”0.3
2.5

d—ﬁ—SXIO m

Tan6 = 23 =0.12 =

2.5
lzds:an:}l:

Sinf6 =0.1191
(5% 107%)(0.1191)
2

=2978 %10 m



Q8

Q9

Q10

n=2
X
0)
0.4m
_ -7 _ 1 _ -6
A=5%x10"m d—@—1.667x10 m
nA =d Sin 6

-7
= Sin g =2 = AOX10 ) 5999
1.667 x 10

= 0 =36.86°

Tan 6 = O_x4 = x=(0.4)Tan 6

= (0.4) Tan 36.86° = x=0.2999 m

_ 1 _ -6
d—m—Z.SXIO m

A=62x10"m

d Sin 0

n= 1

-6
- 2.5%x10 - 4.03

n
62x107

max

=4
~ 2

Fourth order is highest.

Eight order is highest.

Teacher’s Manual

Exercise 18.2

Q1
Q2

Q3

No calculations required.

d=— =2x10°m

5%10°

9R - eL
2

o =

0 = 217.2; 182.8

= 0= 172°
n/1=dsm9:>/1=€%“9

_(2x10°%sin 17.2°
B 1

A=5914%x10" m

163°30" 182°45" 200 217°15" 243°30’

36.5° 17.25 17.25 43.5

_ 1 _ -6
d_SOOmm_ZXIO m

Both 1st order images give
A =d Sinf = (2x107°) Sin (17.25)
=5931x10" m

,6 . o
2nd order: A = 2x10 )28111 36.5

=5948x 10" m

-6 .
or A =2x10 ) SIn(433) _ 6884 % 10" m

2

Average value of correct A = 5.94 x 107" m

6.884 x 10~ m is different, therefore 243°30’

is wrong.
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Exercise 18.3
Ql d= 4%0 mm = 0.0025 mm = 2.5x% 10° m

nlzdSinG:SinO:’%

(2)(710x 107)

For red light: Sin 6 = :
25x10°

= 0 =34.61°
-9
For blue light: Sin 0 = w
2.5%x10°
= 0 =19.15°
.. Angular separation

=34.61 -19.15=15.46°

Q2 (i) Because of the bigger n factor, calculate
the angle between red and violet when
n =1 and when n = 3 to see exactly.

(ii)) Red has a longer A, the bigger the 4,
the bigger 6

(i) nA =d Sin § = A = 45n0
[n=1, A, =d;
_ _d
n= 2’ 2’ma)c - E]
(iv) R, = %, bigger d, the more orders
visible.

(v) In a grating, red is diffracted most, violet
least; in the prism it is the other way
around.

44

Exercise 19.1
—12

Ql £=¢g¢ =(22)89x107"%)
=1.958x10" Fm™

Q2 e=ge e =S=2X10 _44
&  89x10°
1 919 1 (H(3)
Q3 F_47'[g 2 —12 2
o r 4n(89x10 ) 1

=2.682x10"°N
The force is the same on each

1 919
Q4 F= 4me, 2
_ 1 (3x10°)(6x107%)
47(8.9 %1073 (4)?

= 1.0058 x 10 °N
The force is attraction since the charges have
opposite sign.

_ 1 0,0,
0 r
_ 1 2x10%2x107%
4m8.9%107'%) 0.3)°

=0.397 N towards the 2uC charge

1 99
Q6 Fi= >
_ 1 (2x10°)(4x107%
An(72x107") (0.4)°

=5.526 x 10 N towards the —4uC charge

Q7 F= (1.6x10‘19)(1.6x10‘19)_14306N
"~ dre, @x 1075’ oo

_ GM M,
- 2
;

_ (67x107")(1.67x 107)(1.67 x 107
_ 2
4x107"7)

=117x10* N



Q8 Let the size of each charge be Q
1 210, 1 0
- “12 2
4r(8.9x10 ) (0.02)

2

i, 7 =02=

= 0" = (0.2)(47m)(8.9 x 107%)(0.02)°
=8.9472x 107"

= 0=489472%x10" =9.4589 x 10° C

=946x10"° C
Q9 F, =L

= i(5)

ie. F,is (5) F,

Q10 Let the charge at C be Q coulombs
Force on 10uC due to Q =Force on 10pC due

to 8uC.
1 (10x10%0 _ 1 (8x107%(10x 107
4me,  (0.05)° 4me, (0.1)%
-6
_, _0 _8x10

005> (0.1)°

= 0=2x10"° C=+2uC

Teacher’s Manual

Exercise 19.2
Qr E=£=_"12 -—3x10°NC"

Q2 F=EQ=(3x10)(2x10° =6x10° N

_F _F _7x10° _ 29
Q3 E=f=0=F =" =35x10"C

=35NC

04 E= 2 - 4x10°
dzey”  4m(89x107)(2)°

=894x10° Vm™
The direction is always from the 41 C charge

Q5 E= 2

2
dme r

. 20%10°°
() ~12 3.2
47(8.9x 107 °)(0.1x 107)

= 1.7882x 10" N C
(ii) 20 107°
47(8.9x 1072)(1x 107

=1.7882 x 10" N C*

—6
(iii) 20 >;210 -
47(8.9x 107 7)(10x 107°)

= 1.7882x 10" NC™

In each case the direction of E is towards the
charge.

Q6 () E=-2

dre,r

Its direction is away from the charge Q

(i) E=—2

dre,r

2

Its direction is towards the charge O

Q7 F=EQ=(03x10)(1.6x107")
=48x10"" N
Acceleration= —/—= = = = =

Mass m 9 X 10’31
= 5.3333x10* ms”
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Q8

Eat

46

20cm Q9 Electric field intensity at midpoint due
+4uC C +2uC to +3uC
0.1m 0.1m _ 0 _ 3% 10—6
Amer”  Am(8.9x1077)(0.2)°
C due to +4uC
0 = 6.706 x 10° N C"' towards the —71.C
- 4n£0r2 charge
_ 4%10°° Electric field intensity at midpoint due to
47(8.9 % 1072)(0.1)* —7uC charge

_ 0 _ 7%x10°°

=3.5765x 10° N C' to the right dme” 4m(89x1072)(0.2)°
__9

EarC dueto+2uC = P = 1.565 x 10° N.C”" towards the — 7uC charge
3 2% 10°° Total field intensity =
T AR89 % 10 3(0.1)2 6.706 x 10° + 1.565 x 10°

=2.236x10° N C "' towards the — 7uC charge
=1 10° N C' to the lefi _

78833107 NC 1o the left F=EQ=(2236x10°)(2x 10°)
Total field intensity at C =4.47 N towards the - 7uC charge
=3.5765 x 10° - 1.7883 x 10° Q10 E, E,
+10uC D +5uC

= 1.7882 x 10° N C”' towards the +21C A 1-x Ny B

charge
Forceon +5uC, F = E Q

= (1.7882 x 10°)(5 x 107°%)

= 8.941 N towards the +21C charge

Let C be the point at which £ =0
Let x = distance from +5uC at which E is zero
E at C due to +10uC = E at C due to +5uC

i.e.EA=EB
1 10x10° _ 1 5x107°
47[80 (1 x)2 _47[8 x2
10 5
4 = =
(l—x)2 x2
2 2
(1-x) _x
= "0 =3
(1-x)° = 2x°
'.l—x:ﬁx or .'.1—x=—ﬁx
1 = (1+2)x 1 = x—A2x
1
= — 1 = 1— 2
x= % x( 1I>
= x= ——
X —;;
x = 04142 m x =-24
Impossible

.. E is zero at a distance of 0.4142 m from
the +5uC charge
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Q11 ~12uC +5uC E, £ Exercise 20.1

—>

A 0.3m B X Ql W=0V= v=

=3V

Q=
I
[\S 1NN

To the right of the +5C the electric field

-5
oV = yv-W=oxXl0 gy

strength due to +5uC (Ey) is to the right and Q2 W= —~
electric field strength £, due to —121C is to 610
he left.
the et Q3 W = OV = (4)20) = 80
Let x = di hich th f _ -
et x Fhstanceatw 1‘c t es§two orces Q4 W= 0V= (8x10°)(12) = 9.6x10° J
cancel, i.e. E, = Eg (in magnitude)
-6 -6 _ W 48x107'¢ _
12x 10 2:5><102:> 122232 Q5 W_QV:V=§-—%-3000V
47e (03 +x)°  4me (x) (03+x)° «x 1.6x10
122 = 503 +x)° Q6 () W=0V=(16x10")1)
J12x = /5(03+x) = 1.6x10"J
= x = 0.5463
.. —-19
or J12x = —/5(0.3 + x) (i) W = QV = (1.6x10 7)(300)
= x is negative; impossible — 48x107"
~. Eis zero 0.5463 m from the +51C charge Q7 Work = Force x Distance
and not between the two charges E = Forceon1C = 2%10* N

Work done in bringing 1 C from one plate to
the other.

W = (Force on 1 C)(Distance between plates)
= (2x10%(0.2) = 4000]

Work done in bringing 1 C from one plate to
the other = p.d. between plates.

= pd. = 4000V
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Q8 (i) p.d.between plates =400 V

48

= 400 J done in bringing +1 C from one plate
to the other.

W=Fs = 400=(F)(2x107°)
= F = 20000N

(i1)) Eisthe forceon+1C =
E=20000N C*

(i) F=EQ = (2x10*)(1.6x10™")
=32x10° N
(iv) W = QV = (1.6 x 107)(400)

64x107"7 J

(v) Since kinetic energy gained = potential
energy lost.
E, = 64x1017 ]

(vi) %mvz = 64%x107"
= ; (9.1x 107" v? =64 x 107"

= v=119%x10" ms”

Exercise 20.2

Ql C =

Q2 C =

Q3 C =

Q4 C =

_90 V =
Q5 C_V:>

Q7 Cc=¢ -3x10 _

6

Q _ 2x10 _ 2107 "F
Vi 1xaot
-6
QO _ 4x10 _ -7
g =22 = 3333x107F
‘Q/ = 0 = CV = (8x107%)(1 000 000)
= 8x10°C = 8uC
0 _
£=o0=cv
(2x10™") (300 x 10%)

6x10°C = 6 uC

\%4
_0
Q8 c=¢

-6
4x10 0 _ 133x10°V
3x10

12

(50 x 107°)(100)
5%x10°C
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Exercise 20.3

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

g4 (89%107%)(0.02) 10 P 1(0?
C=—g = BP0 - 178 % 107"F QU0 W = jcv’ = W= E(E)
c= Bt _(89x 107 (150 x 1074 93 % 107 < (05)(0Y)

d (1x107%) 24%x107°
=1335x10"°F = 0 =332x107"C
c=ft o A= Cd o (Uxi0)
d £ —12
0 (B9X10 Q11 W= %CVZ = (0.01) = %(C)(12)2
= 1.1235x10°m’ = C = 139x10°*F
Q12 P.d. across eachis 40 V
co B4 | (89x 107100 x 1074

d (2% 107 C = % = Q= CV

0
0 = (4x107°)(40) = 1.6 x107*C

-6 _ 4
445x 10" F (8x107°)(40) =3.2x10°C

With perspex dielectric €, =2.6

Q13 Vi+V,=40 and V:%

= L _+-2_ -4
8 x 10 4x10
= Q(375000) =40 = Q= 1.067x 10~ C

C = (26)(445%10") = 1.157x10"°F

co A _ (DBIX 107725 x 1074

d (1x107) Py
v, =2 = L9719 g333 v
= C = 1.5575x107"°F ¢ 810
-4
Q0 = CV = (1.5575x10'%)(500) v, =2 = L0O7x10 " _ 667V
c 4%10°°
= 7.79%x10°C

weley? = 1(6>< 10,3)(200)2 - 120 Q14 (1) P.d. across the resistor:

2 2 V=IR = (02%x107)(20x10°) =4V
c-Q o y-Q_ 4x%10°° _ v = p.d. across capacitor = 40-4 = 36V

v c 6

2x10 (i) C=¢ = 0 =CV = (60x10°)(36)
W=lcv’ =1ex109@? = 4x10° ] = 216x107°C
(iii) Work done = Energy stored

1 2 1 -6 4

W=3Cv2 = 5(46x10°)(8)> = 1.472x107 J e 1(Q_2) _ (05)2x10°)?
2\ ¢ (60x10°%

1 1 -6 -4
W=-0V =-(7x10")30) = 1.05x10 " J

29V =5 10 = 333x10°J
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Exercise 21.1

Q1 ®
(ii)
(iii)
(iv)
)

Q2 @
(ii)
(iii)
(iv)
(v)

Q O
(ii)
(iii)
(iv)

Q4 @
(ii)
(iii)

Q5 @
(ii)
(iii)

50

ImA = 1x10°A
0.05mA = 0.05x10° = 5x10°A
50 A = 50x10°A = 5x10°A
1000mA = 1A

02pHA = 02x10° = 2x107A
1A = 1000 mA

100A = 100x10°mA = 10°mA

0.025A = 0.025x10° = 25mA

1UA = 1x107° mA

0.0006 A = 0.0006 X 10°mA = 0.6 mA
10=7+x= x =3A

2+3 =1+x= x=4A
x+84+2=94+3=x=2A
x+x+4 =2+3+5= x=3A
0=1t=@3)1)=3C

Q =1t = (3)60) = 180 C

0 = It = (30)(60)(60) = 10 800 C
1=2=10_14

t 10
_ 0o _ 1 _
I=% = 2 = 001667 A
7=¢2 =10 _190A

Q6
Q7

Q8

Q9

Q10
Q11

Q12

0 = It = (6)4)(60)(60) = 86 400 C

1 coulomb
Charge on one electron

= 6.25 x1018 electrons

Number of electrons =

I
1.6 x 1019

Q0 =1t=20)6) =120C

1 C has 6.25 x 1018 electrons
= 120 C has (120)(6.25x 101!8)
= 7.5x102° electrons

Charge gone past
(Nr. of electrons)(charge on one electron)
= (2x102)(1.6x10-1%) = 32C

= @ = 7200 s

©Q
I
~
|
Il
(S
[

Charge hitting screen in one hour
=Q =1t=(1x103)60)60) =3.6C

Charge
Charge on one electron

Number of electrons =

3.6

T lexi0-9 2.25 x 10" electrons

No calculations required.



Exercise 22.1

Q1

Q2

Q3
Q4
Q5

Q6
Q7
Q8

Q9
Q10

Q11

Q12

Q13

Q14
Q15

Total emf = Sum of indiviadual emfs
= 44+46+3 = 13V

(@ W=QV=()10)=10]
b)) W=0QV=(6)0)=60J
) W=0QV=(1x10%)(10) = 1x10-5]

W = QV = (20)(60) = 1200 )

4000

w=govav=Y_

) =50V

100
= 330 = 0.435 A

VI = (12)(6.67) = 80 W

P Vi= 1 =

<I~

P

i) P=VI=(220)4) = 880W

(i) W= Pt

(880)(1)(60)(60)
3168001 = 3.168 MJ

_ _p _ 100
P—VI:>I—‘—/—230
Total power = (50)(5) = 250 W

=P - 20
vV "~ 220

G P =VI=(10)5 =50W
Energy = Power X time = (50)(5)(60)

= 15000)J = 15Kk]

G W=0V=00o =10J

= 0435A

= 1.136 A

Totalemf = 2+3+12 =17V
P=VI=007Q2) =34 W

Vi=6=> V,=20-6 = 14V
Powerinbulb2, P = VI = (3)(14) = 42 W
Energy = Power x Time = (42)(2)(60)(60)
= 302400J = 3.024 x105])

No calculations required.
Since both bulbs are identical and current is

everywhere the same in a series circuit, they
shine equally brightly.

Teacher’s Manual

Exercise 23.1

Q3
Q4
Qs
Q6

Q7
QS

Q9

Q10

Q11

Q12

Vv 230
I_E_W_Z‘?’A

1% 12 _
R_T_Z_SQ
V=IR=(5)0) =30V
R:Z—2—4=89

1% 10 _
R—7 =5 =5Q
R=R+R, =2+3=5Q

vV _ 12 _
I_E =5 =6A
V=IR=(@6)35=30V

_ Vv _ 10 _

R—7 =T = 10 Q

Resistance of bulb = 10-4 = 6 Q
Vi=I1IR, =0)(2) =10V

V, = IR, = (5)8) = 40V
TOtalV = V1+V2+V3 = 70V

11,1 _
11,1 _
(b) 1_€_4—1+T = R =08Q
1 _ 1 1 1 _
1 _ 1 1 1 _
(d) = 3576750 = R = 16.36 Q
1 _ 1.1 _
1 _ 1.1 _
63 R_p =5+ = Rp =133 Q
R=133+6=1733Q
. 1 _ 1 1 _
6) = 3% = R=10Q
i) R=R,+R, =20+20 = 40 Q
o 111 _
(i) - = 5t3 = R =12Q
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Q13

Q14

52

1 _ 1 1 _
I—Q; = 5+3 = Rp—1.2£2

Total resistance = 1.2 + 4 = 5.2 Q
Current in 4 Q resistor:

vV _ 20 _
I_E_§—3.846A

P.d. across 4 Q resistor:

V = IR = (3.846)(4) = 1538V
= p.d. across parallel combination
= 20-1538 = 4615V

Current in 2 € resistor:

_ V. _ 4615 _
I = ¢ =252 =231A

Current in 3 Q resistor:

FIG (A) shows the circuit in a more intuitive

manner:
400Q 2000Q
— ——
600Q
FIG (A) R=400Q

(i) Resistance of parallel combination:

L=1.1l = R =34029Q

R, ~ 00 ' 2400
Total resistance = 600 + 342.9
= 9429 Q

(i) Current from battery,
1=Y =19 - 001061 A

P.d. across 600 Q resistor = [ R
(0.01061)(600) = 6.36 V

*.  p.d. across parallel combination

10-6.36 = 3.64V
Current in 2 kQ resistor,

®

(i)

(iii)

If R is reduced, total resistance of circuit
decreases, therefore current in the 600 Q
resistor increases

Current in 600 Q resistor increases
= p.d. across it increases,
= the potential at A decreases.

p.d. across the parallel combination has
decreased,

= current through 2 kQ resistor
decreases.



Exercise 23.2
Ql A=z r? = n(‘_i)z _ H(M)z

2 2
= 3.80x108m?
_ RA _ (282)(3.8x1078) _ 6
p=" = G =12x10°Q m
_ Rmd?> _ (27.9)m(0.22 x 10-3)2
Q2 p = YR (4)(0.856)

1.24 x10°Q m

_ pl _ RA

Q3 R = T [ = >
[ = (4)(0.16x106)  _ 1.524 m

4.2 %1077

= ol = kA

Q4 R = N = | E

[ = U27(025x 102 _ 30
1.7x 1078

QS5 No calculations required.

_ Rnd? 6 _ (400)7d?
QW p === 1.2>10 T (4)(15)

(4)(1.5)(1.2 x 10-5)

=d = (400)(7)

7.569 x 10" m

2
Q7 p = o = [

_Ja3x10%@)(13) _ »
_J AT — 328x104m

Q8 Rocl and!is 6 times bigger

= R is 6 times bigger
= R=(6)4) =240Q

R o<l and R is 10 times bigger
= [lis 10 times bigger
= [=010)(12) = 12m

Q9

Q10

Q11

Teacher’s Manual

R o< % and A is 4 times bigger

= R is 4 times smaller
= R= 2_49 = 0.65 Q

If the resistance of the wire is to again be six
ohms (i.e. four times bigger), the length must
be four times longer.

p = RTA and A=m,? = ﬂ(g)z

= (R)(”l(g)z) _  Rna?

41

= P
Length halved = Resistance is halved to 5 Q

Cross-sectional area doubled = Resistance
is again halved to 2.5 Q

Q12 Average diameter = 0.424 mm

_ Rmd?> _ (6)m(0.424 x 1073)2
p == = (4)(0.784)

1.08 x 10-¢ Q m

53



Real World Physics

Exercise 23.3

Q1 %=2—z = g‘:}é — R, =2250Q
e B R T
Q3 %=2—: = %=1§4 = R, =040
Q4 () p'= 7 becomes -
%{% = X=2R,

54

i.e. R, must be doubled

R R
(ii) The left hand side of —! = =2 is doubled
R, R,

so if R, is halved the right hand side of
the ratio is also doubled, and the bridge is
balanced. Thus half the value of R,

Exercise 24.1

Q1
Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

Q10

W = I?Rt = (52)(20)(3) = 1500 )

W = I>Rt

= ((12x10-3)2)(1 x 103)(4 X 60)
= 34.56]

W = I2Rt = ((0.5)2)(400)(60 x 60)

= 360 000 J

() P =1I2R = (1)2(10) = 10 J
(i) P = PR = (2)2(10) = 40]
(i) P = IR = (3)2(10) = 90J
(iv) P = IR = (4)2(10) = 160 J
() P =IPR=(22(1) = 4]
(i) P = I’R = (2)2(2) = 8]
(i) P = I’R = (2)2(10) = 40 ]
(iv) P = IR = (2)2(100) = 400 ]
P = I’R = (6)2(40) = 14407

Energy =Power X time
= (1440)(60)(60) = 5184 000 J

P = I’R = 100= (0.5)°R

_ 100 _
= R = 1% =400 Q

P=DPR = 3x10°= (10)°R
_ 3x103 _
= R = 160 =30 Q
_ _ P _ 2x10% _
@ P=VI= 1=t =200 _g74
_n _ P _ 2x10
0 P=PR = R=1 =20
= 2642 Q
_w _ W _ 100x 106
© P=7 =1=% = 0
= 50000 s

W = I2Rt = (5.57)2(40)(30) = 396757
0 = 1It=(57530) = 172.5C



Q11

Q12

Q13

P o< I?
is four times greater.

if the current doubles the power

OR
Suppose P, = RI?
Now let current increase to 2/,

New power P, = R(2I,)? = 4RI}

ie. P, = 4P,

Energy supplied to the water:

0 =mc A0 = (500)(4180(40)

8.36 x 107 J

80% of the electrical energy supplied

= electrical energy supplied = 1.045 x 108 J

W = I*R¢t
= 1.045x108 =
= R = 145 Q

(20)* R(5)(60)(60)

Power P = VI = (230)(9) = 2070 W
Electrical energy needed:
Q =mc A0 = (2)(4180)(90) = 7524001J

. _ Energy _ (752400)
Time = Power 2070

= 363.5s

Energy needed to boil off 3/4 of the water

(Mass)(Specific latent heat of vaporisation)
=ml
=(0.75)(2)(2.3 x 10°) = 3.45x10°J

_ 3.45x%106
- 2070

= 1666.7 s

Teacher’s Manual

Exercise 24.2

_ _ P _ 1000 _
Q1P—VI:>I—‘—/—ﬁ—4.35A
= The 13 A fuse is suitable.

Q2 Total power = (2)(500) + 1000 + 2000
= 5000 W

= The 30 A fuse is suitable.

Q3 (Nr.of kW h) = (Power in kW)(Time in h)
= 2)3) = 6kWh

Q4 (Nr. of kW h) = (Power in kW)(Time in h)

= (0.075)(‘6‘—8) = 0.05kW h
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Exercise 27.1

Q1
Q2

Q3

Q4
Q5
Q6
Q7
Q8

Q9

Q10

56

No calculations required.

F=BIL
_ _ 2

2=B(3)05) = B = 5= = 133T

F=BIL=(2.5)4)2)=20N

1 to both B and wire

F=BIL >B=FL -4

=4 -4
IL_3(1)_3T

No calculations required.
No calculations required.

No calculations required.

F =BIL=(0.4)(10)(0.3)=1.2N;

M = Fd = (1.2)(0.08) = 0.096 N m,;
Because L distance to axis decreases; yes;
(1.2)(0.16) =0.192 N m

F = B,IL =(2)(Sin 30)(3)(3)=9N
zero degrees, i.e. when wire is parallel to
magnetic field

Parallel component =3 Cos 60=1.5T

1 component =3 Sin60=2.6 T

The L component causes the force on the wire
F =(3Sin 60)(2.5)(0.5)=3.25 N
perpendicular to wire and to the magnetic field.

Exercise 27.2

Q1
Q2
Q3

Q4

Q5
Q6

Q7

QS

Q9

Q10

Q11

F=qvB=(2)(10)2) =40 N
F=qvB=(3%x107°)(200)(4) =24x10"° N
F=qgvB=(1.6%x10")(6x10")(4)
=384x10* N
F=qvB=2x10" = (1.6x10"")(v)(2)

2x 1078

_2x10 _625ms™
(2)(1.6x 107"7)

=y=

No calculations required.

Force on moving charge = centripetal force

(1.6 x 107"°)(2 x 107)(0.03)
—27 7.2
_ (L67x10)(2x10")

" 7 7,2
(1.67x10 )(2x10)  _ 69583 m

r =
(1.67x 107%)(2 x 107)(0.03)

mv' _(9.1x10°")(2000)°

r= =
B (1.6x107%)(2000)(3 x 107%)

=3.7916 x 10" m

[

my_ :qu:}v:@
r m

po (16X 1072 x 107 (10x 107%)
(9.1%x107°"

=352%x10 ms"

Time for one resolution = 2S¢ _ 272 _
Speed v
o —Bev="Y = Be
r m

#T=2z(5) =27 (ft) ie. T= 22

(1) Number passing per second
= (0.1)(104) = 10.4 particles

(i) (104)(2x10°)=2.08x107°C
(i) 2.08x10° A

I = charge passing per second

= (%) % (10"%) x (1.6 x 107
=32x10"A



Exercise 28.1

Q1
Q2
Q3

@ = BA = (2)(0.3) = 0.6 Wb

_ D 04
®=BA=A =3 =53=08m

@ = BA = (2)(100x 10™*) = 0.02 Wb

(lm2 =10'cm’= lcm’ = 1074m2)

2
Q4 @:BA:>B:9:(2“° )=1T

Q5

Q6

Q7
Q8

200x 10"

2
= 2x10 _ 6667 m®

®=BA=A = 3
3x 10

A
@
B

A:nrzzwzf-‘: [6:567 _ 1.46 m
/9 T

Change in @ = final @ — initial @

= (BA)fina — (BA)inia

= (24)(10x6 X 107 = (1.2)(10x 6 x 10~
=0.0144 - 0.0072

=17.2x10° Wb

@ = B, A = (4 Sin 30°)(0.2) = 0.4 Wb

Comp of B perpendicular to plane of coil
= B Sin 40°
= (2.5% 107°)(Sin 40°)

= (2.5 % 107)(Sin 40°)(7(20 x 1072)%)

=2.02x10"* Wb

Teacher’s Manual

Exercise 28.2

_ (final @ —initial @) _ 5-1 _
QIE_( time )_T_ZV
_ (final @ —initial @) _ 0-04 _
Q2 E= ( time taken ) To02 -2V

Total induced emf = (200)(2) = 400V
Q3 E = d‘p (600)(24 0) = 2400 V

Q4 E = ‘“D (200)(4 2) = 13333V

_E_1333.3_
I_I_e_—4 = 3333 A

Q5 Change in flux = final @ — initial @
= [2.4][10x6x 1071 =[1.2][10 x 6 x 107"]

= 0.0072 Wb
=7.2%x10" Wb

Q6 E = N‘ﬂ)

_ 100( (62(0:08) = (2)(0.08)) _
= 100( 05 ) =64V

Q7 Final @ = BA = (2)(8x6x 107"

= 0.0096 Wb
Initial @ = 0 Wb

8x 10
Time taken for change = ( 3 )

=2.667x107

E = final @ — initial @
B time

_ _0.0096 - (32 —036V
2.667 x 10

Q8 [Initial flux = 0, Final flux = BA
= (4)(4x6%x10™") =0.0096 T
= 10 rotations per second

1 rotation takes 1_6 S

Time to go from A to B = (i) (%) = 41—0 S

=768V

E = N— (200)((%))

40
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dd

Q9 E = N2 N(final @ — initial cD)

time

—x 103 %10 + 0)

=10 000 ( 01

_ (ax10hex10)9x107)
1x107"

=18x10" = 1.8V

Q10 Time to go from position 1 to position 2
= time for i rev

() 1
(4) 0 5¢€€

=625%x10" s
E = N(final (D'—initial (D)
time

)
4= 200((B)(5><10 )3—0)
625%x10

LB (4)(625% 107)

2 =0025x10" T
(200)(5x 10 %)
=25x10° T
dd 0

Q11 E = N— E=IR;I=7;

Let ¢ be the time during which the flux density

changes from 0 to 0.25 T

(cpfmal 1n1t1a1)
(B 1A - BZA)

A
R = (B, - B,)

~ IO

“ OR = A(B,-B,)
(4x107)(12) = A(0.25-0)
=A=192x10"m’

=A=192x10"m’

58

B,A-B,A
Q12 From Ql1: IR = N(g)

(B - Bz)

= 0 = NA

_ (500)(400 x 10*)(0 - 1.8x 10°)
10

(5% 10%)(4x107)(1.8x107)
- 10

ZR
t

=3.6%x10° C



Exercise 28.3

Q1 In one second: Work done = Electrical power
Fxdist = I'R

F(30) = (0.6)°(20) = F = 0.24 N
Q2 () E = (2)5x12x10H -0 _ 04V

—2
12x 10
(=5)
v
I'=z
_ 04
I'==5
1 = 0.084
(i) Fd = I'R

(F)(4) = (0.08)*(5)
F=8x10"N

Q3 E-= N(ﬁnal @ — initial qb)

time

2
_ BL -0) _ _
= N( Ve ) = N(BLv) = NBLv

., _E _ NBLy
O I'=%="%

(i) In one second
Work done = Electrical power

2.2.2 2
BL
:>Fv=12R=(N V)R
2
R
2.2.2
:>F:NBRLV

Teacher’s Manual

Exercise 28.4

Q1
Q2
Q3
Q4
Qs

Q6

Q7

QS

\%
0= 20 _q1414V

V. =
rms A/é ,\/i

V, = V.2 =(20)/2 = 2828 V

V, = Vo2 =(230)42 = 3253 V
P =1,V =(2)(110) = 220 W

P=1I_R

= 500 = I.,,(20)

=1, =5A

P=1,Vm

=500=75V

rms

= Vo = 100 V
V, = 1002 = 14142 V
I, =3

. 3
I =—==212A
@ s 7

) P=TI_R = (1)2(200) = 900 W

2
B _ 900
(111) P = Irmsvrms: Vrms - 2_12
=424.53V

iv) V, = V. .2 = 60037 V
Power=V I ..
520\( 3
=(2Z)|=Z)| =780 W
25

= t j— — — . S

4
E:Nd_‘pzwzzoov

dt 1x10°°
nettemf = 300-200 = 100 V
E
I ==
R
100
I'=5%
I =05A

59



Real World Physics

Exercise 28.5

Q1 No calculations required.
_ Vv _ 20 _

Q2 | = i 2 A

Q3 No calculations required.

Q4 No calculations required.

Q5 No calculations required.

Q6 E = IR

12 — (Induced emf) = (100 x 10_3)(40)
= Inducedemf =8V

60

Exercise 28.6

Q1

Q2

Q3

Q4

Q5

Vi _ N
VO NS

NS
= V,=V, = Vi(ﬁ)

P
B 100) _
= 230(%) =46 V
Vi N N 2000
1 _ _P . = Pl = == =

7=V VO(NS) 4( 100) 80 V

V; 000
N, = (V_O)NS = (2_20.)(60) = 818 turns

N, = NP(VVTJZ (10 000)(42;%) = 550 turns

Vi, = VI,
(4000)(1,) = (220)(5) = I, = 0.275 A

Output power = V I, = (220)(5) = 1100 W

1100
90

- 40007, = 122222 W =1, = 0.306 A

Input power = 100( ) = 122222 W

No calculations required.



Exercise 29.1

Q1

Q3

Q4

(i) Ep lost, W=QV=¢eV
= (1.6 x107?)(8000) = 1.28 x 10" J

(i) Eg gained = E, lost = 1.28 X 10° ]

(lll) EK = mV2 = (05)(91 % 10—31)V2
= 128x10"° =v= J@
(0.5)(9x 107"

=53x10"ms"

1
2
y= /% =593x10" ms!

12
5 mv =eV

2
V= % =639.8V

N =

() 5eV=5x1.6x10"T=8x10"]J

(i) 200eV =200%x1.6%x10"J
=32x10"J

(iii) 40keV = (40x 10°)(1.6x107%)J
=64x10" ]

(iv) 5MeV = (5x10°)(1.6x107"") ]
=8x10"°J

(v) 40GeV = (40x 10°)(1.6x107°) J
=64x10" J

(vi) 42eV =(42)(1.6x10"") ]

=672x107" J

Q5 @)
(ii)
(iii)
(iv)

(v)

(vi)

(vii)

Teacher’s Manual

3 keV = 3000 eV
6 MeV = 6 x 10°eV
2.5GeV =2.5x10° eV

1= —L — ev=625x10" eV
1.6 x 10

-15
2x107"° 7= 220 ev=12500 eV
1.6 x 10

-16
6.4x1070 1= 22X10 ey = 4000 eV
1.6 x 10

-19
56x107 7=20x10 __35.v
1.6 x 10

Q6 No calculations required.

Q7 F=

-19

gvB = (1.6x 107%)(2.1 x 10°)(4.2)

=141x10 % N

Q8 F=g¢qvB

my
Q "

2
=Bgv=r="2 = ,="
q Bqv

_31 7
= (O1x10°)(56x10) _ 1 06% 102 m

(3x1072)(1.6x 107"

9

)

Q10 No calculations required.

Q11 ¢ =176x10"

m

~19
1.6 x 10 — 1.76 % 1011
m

=

-19
m=10%10 _ _909x10™ kg

1.76 x 10"
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Exercise 29.2

Q1 Redlight: E = hf= (6.6 x 10" (4 x 10" Q6 22eV=(22)(1.6x10")1=352%x10"7J
—19
=2.64x107" J E=hf=f=t=22>10_" -533x10" Hz
_19 6.6 x 10
2.64x 107" J=20X10__ ey = 1,65 eV .
1.6 x 10 A=C= 3X1014—563><1()7m
o 533x10

Q2 Bluelight: E = hf = (6.6 x 107" (8 x 10")
_528x10™" ] Q7 Number of Photons striking per second
- = Number of electrons emitted per second

-19
= 3BX10 oy =33eV

16x107"° Current = Charge passing per second
) = Charge on one electron x Number of
Q3 c=fL=>f= % = % =6x10" Hz electrons passing per second
X
E=hf=(66x10*)(6x 10" 2 2x107° = (1.6 1077)(x)
-6
=3.96x10" J =x= 221 = 1.25x10" Photons
1.6 x10"
Q4 A =600nm=600x10" m
A . Q8 1eV=16x10"7
f=e=1= A -19 -19
-V T -9 ~19
600 x 10 (p:hfozfoz%’z%
6.6 x 10
=33x10" )

R =9.70 x 10" Hz
Q5 A2=590nmm=590x10" m

9 ®=hf =(66x10""2x10"
() c=fa=f=¢ Q) () fo=(66x107(2x10")

=132x107"° ]
8 —-18
. frequency = X1 (b) Work function in eV = 132210 _
q y r s
590 x 10 1.6 x 10
=8.25eV

= 5.08 x 10" Hz

. ,34 “ Q0 ®=12eV=12x16x10"7
(i) E=hf=(6.6x10")(5.08x10")

o =1.92x107" )

=3.3528 x10 " J _19

. @:hfoﬁf():g):%
(iii)) Energy of source = 10 W = 10 joules per h 66x10~

second . =2.91x10" Hz

Number of Photons emitted per second g

= 3x10 -~ 1.03x10° m

A =
291x10™

~Ia

_ Energy emitted per second _ 10
Energy of one photon 3.3528 X 10’19

=298 x 10" Photons
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Q11 f,=88x10"Hz, f=92x10" Hz
(i) 5 My =hf=hf, =h(f~f,)

2
=6.6x107(9.2%x 10" - 8.8 x 10"
=264%x107J

-20
(i) 2.64x 107" = 28x10__ oy
1.6x 10"

=0.165 eV
Q12 A =350nm=350x10" m

8
=210 - 857x10" Hz

_ _c_
c=A=f=3 350 % 10~

Max E, =2eV =2x1.6%x107"J
=32x10"17

Ex =hf-®

max

32x107"7 = (6.6 x 107" (857x 107 - @
= ®=566x10"-32x10"

=246x10" ]

Q13 02mA=(02%x107)A=(02%x107)Cs""
1

16x 107"
.. Number of electrons leaving cathode

Number of electronsin 1 C =

-3
= 92x10 _ —, Number of photons

16x107"°

-3
- %1019 =1.25%10"
1.6x10

Energy of one photon E = hf =
(6.6x107H(2%10") =1.32x107" ]

.. Energy per second =

Energy of one « Number of Photons
Photon per second

= (1.32x1077)(1.25x 10") =0.0165J
=1.65x10" J

Teacher’s Manual

Q14 A =250nm=250x10" m

A 250% 10

@ =16eV=(1.6)(1.6x10")7J
=256x107" ]

Max kinetic energy = hf — @

= E,

max

= (6.6x 107 (1.2x10") =256 x 107"

=792x10"°-256x107"

=536x10" J

% (9.1x 107" =536% 107"
=v=109%x10°ms™’
Q15 E=hf = (6.6x10*)(92 x 10°)
= 6.072 x 10° joules

Number of Photons emitted per second

o 2x10°

= — =3.29x 10" Photons
6.072x 10"
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Exercise 30.1 Exercise 30.2

Q1 No calculations required. Q1 No calculations required.

Q2 No calculations required. Q2 No calculations required.

Q3 No calculations required. Q3 @ %remains

Q4 No calculations required. (i) 6 years =2 half-lives = }lremains

Q5 No calculations required. (iii) 9 years = 3 half-lives = % remains

Q6 Decrease in mass number = 238 — 230 =8 Q4 40 years = 4 half-lives
= 2 o< —particles emitted = atomic number 11 . FECETN d
decreases by 4 (i.e. 2 x2)to 88 = )16 femains ant g¢ Has decayed.

: Jives = 2)(60) _

To get back up to 90, 2 S-particles must be Q5 (i) Number of half-lives (20) 15
emitted. (ii) 3 hours = % half-lives =9

Q7 Decrease in mass number = 238 — 226 = 12 % remains undecayed, i.e. 5+2

2

= 3 oc —particles = decrease in atomic
number = 3(2) =6 to 86 .. 23 must be emitted
to get atomic number up to 88 = % has decayed

(iii)) 40 mins = 2 half-lives = 411 remains

Q8 No calculations required. (iv)

D=

Q9 No calculations required.
Q10 No calculations required. Q6 T, = 2 =2 _1n2 5976107 s

Q11 No calculations required.

Q12 4 < —particles = Mass number decreases by Q7 T, =5.5 minutes = (5.5)(60) seconds
4 x4 =16 and atomic number decreases by ?

4%x2 =8 T, T (55)(60)
2 _ -3 -1
3 B-particles = atomic number increases by =21x10"s
3 .. overall decrease in atomic number Q8 1 In2 -=9.158%10° s

_8_3=5 (2.4)(365)(24)(60)(60)

Q9 7, ="m2-_12 _1386x107s

Q10 7, =12 - _12 _346575=5.776 min

Q11 7, =2 _ 069 _7200s=2hours

6 hours = 3 half-lives = % remains undecayed
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Q12

Q13

Q14

Q15

Q16

Activity = AN
3x10°=8x10° N

3
= N=3X10 _ 375,10

8§x107°
Activity = AN = (8 x 107°)(2x 10")

=1.6x10" Bq

Activity = AN
_In2 _( In2
A= T, ((4)(60>)(
* = 1.73x 10" Bq

x 10*)

_In2 In2
TI_T:A_T—I
2

lz 1n2

(8 x 10"%)(365)(24)(60)(60)

=2747%x 107 5"
Activity = AN = (2.747 x 1077)(6.2 x 10"°)
=17x107" alpha particles per second
Activity = AN
3.5x10" = 1 (2.6 x10*")
= A=1346x10"s"

= 1633 years

Teacher’s Manual

Exercise 30.3

Q1

Q2

Q3

Q4

64 g=6.02x 10> atoms

| oo 602% 10%
64

23
2000 g = (2000)(66(12x 107)

= 1.88 x 10 atoms

218 g = 6.02 x 10” atoms

23 —6
6.02x 102 % 3.5 % 10
35 ug = 218

= 9.665 x 10" atoms

218 g has 6.02 x 10” atoms
_6.02x107”x24x10°

240 = 218
= 6.628 x 10" atoms
_ 0693 _ 0693 _ -3 -1
A= e 3.73%x 107 s

2

Activity = AN = (3.73 x 107)(6.628 x 10")

=2.47x10"” Bq
T, =22hrs=79200s
2
A=089 _g75%10°s

~ 79200
Activity = AN

150=8.75x10° N= N= 1.74x 10" atoms

6.02 x 10” atoms =228 ¢ = 1.714 x 10’
atoms = 6.5 x 10" grams
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Exercise 31.1

Q1

Q2

Q3

Q4

Q5

66

E _ 14x10°
2

E=mc =m= ~
¢ (3.00 x 10%)

=1.56x10"° kg
Mass lost = (4 x 10°)(60)(60)
E=mc? = (4 x10°(60)(60) x (3 x 10°)
= 1.296 x 107 J
Energy emitted in 1 year
= (3.6 x 107)(60)(60)(24)(365)
=1.1352x 10" J

31
m=L£ = LI2XI0 - 12614 x 10" ke
< (3.00% 10%)

=27

E=me* = (8x10727)(3.00 x 10%)°
=72%x10"J

Mass of reactants:
2325210 x 107 + 6.646322 x 10 kg

=2.9898 x 10° kg

Mass of products

= 2.822706 x 107°° + 1.672623 x 107" kg
=2.9899 x 10~ kg

Gain in mass = 1.261 x 10" kg

= Energy taken in = E = me’

= (1.261 x 10°°)(3 x 10*)°

=1.1349x 107" J

=709312.5 eV = 0.71 MeV

Energy of o -particle =7.68 MeV
Energy available 7.68 — 0.71 = 6.97 MeV

Kinetic energy of proton = % of 6.97

=6.58 MeV

Q6

Q7

Q8

Q9

Mass lost = (3.344 x 1077)(2)
~6.646x1077 =42x10" kg
E=me® = (42x1072)(3.00 x 10%)’
=378x10% ]
§3Co + (l)n - ;3Co + v

Loss in Mass

-26

= (9.7859 x 10 kg + 1.6749 x 10™” kg)

-26

~(9.9520x107°) = 1.39x 107 kg

E=mc* = (139%107)(3 x 10%)
=1251x10" ]

200 MeV = 200 x (1.6 x 107"°) x 10° J

-11

=32x10 "]

~11
E=mc = m=£ =32x10
8. 2

¢ (3x10%

=3.56 x 10 kg

P.CM. = (424 x 107°)U = (6.68 x 107V
V _c25.

= 7 =635:1

Enerey = E = mc® = (1.2 x 10)(3 x 10%)°

=1.08x10"J

= Total initial energy

ie. E,+E,=108x10"

=25

- % (424 x107°) U* + %(6.68 x 10777y v

= 1.08x 107"
Also V = 63.5U

Solving simultaneously gives:

1

V = 1.78% 10" ms ™ and

1

U=281x10"ms"

(see Exercise 32.1 Q1 for an alternative
method of solving a question like this.



Q10 (l)n - }p + _(l)e

=27

Loss in mass = 1.674 929 x 10

—27

—(1.672 623 x 1077 +9.109 390 x 10"

i.e. Loss in mass = 1.395 x 107" kg

-30

E=mc® = (1.395x 10°%)(3 x 10%)°

=1.26x10"° ]

Teacher’s Manual

Exercise 32.1

Q1

Q2

Q3

-25

Loss in Mass = 3.753 152 x 10

(- 3.686 602 X 107> + 6.646 322 x 10°°)

=8.678 x 10" kg

E=mc* = (8.678 x 107°)(3 x 10%)°
=781x 107" J =4.88 MeV

M
Mpu=Myv= L=k =22 52 =555

My 4
) -
4
Ratio of kinetic energies

222

1 2

— EMRM _ (MR)MZ _ (v)(uzj _u

= =(=)5=:]5]=°
%MHVZ My v u\ v

= %5 = Kinetic energy of o -particle

= 55.5 Kinetic energy of Radon

= Kinetic energy of o -particle

_ Total energy
= —cs X 55.5

=7.66x10" J

The B-particle is so light compared with a

Nitrogen nucleus that it gets virtually all of the

Kinetic energy (It is approximatley 28 000
times lighter)

=31

E = mc2 = (2.77x10 7)(3 % 108)2

= 2.493 x 10" J = Kinetic energy of
B -particle
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Exercise 32.2

Q1

Q2

68

lu=166x10"" kg

2
E=mc

8.2

= (1.66 x 10777)(3.00 x 10%)

149%x107" ]

—10
= % eV =931 eV
1.6x 10

Decrease in Mass
=238.050 784 — (234.043 593 + 4.002 603)

=0.004 588 u

2
E = mc

(0.004588)(1.66 x 1072)(3 x 10%)’

-13

= 6.854%x10 " J
~13
_ 6.854><1?]9 eV
1.6 x 10
= 4.28 MeV

Exercise 32.3

Q1 Energy needed E = me’

-28

= (25x 103 x 10%)’
=225%x10""7J
= Energy of each proton
=1.125x10" J
=70 MeV

Q2 E= me’
= (3)(2.5x 1023 x 10°)’
=6.75x107""J
= Energy of proton = 3.375 X 1071

=211 MeV



Exercise 32.4

Q1 (i) ud
(i) ud
(i) uud
(iv) udd
(v) us
(vi) as
(vii) uds
(viii) uus
(ix) dds
(x) dss

(xi) sss

+

W= W= W= WIN WIN WIN Wi WIN WIN WIN WIN

N——r
+

+3)¢(+3)+(-3) =+1
-1 -0
+ (+%) =+1

+

|

| —
—

1l

|

[LY

1]
+
[ay

+
+
/q\/l—\
WIN Wik W

— ——
+
|
W= W=

+
|

N—— N—

1]

<

+
1l
|

[Ly

,_\,_,_,_,T_,—\HHH
NN NG

1l

|

[LY

+
|
W= W= W=

Il
|
[

+

N— — N
+
/—\/l—\/—\
Wl W= W=
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Exercise 33.1

Q1

Q2

Q3

Q4

Q5

Q6

FSD=15mA
I,R, = ,R,

(0.015)(5) = (0.985)(R)

= r=LQU96) _ 907614 Q

(0.985)
FSD=10mA =0.01 A

V,+V, =12

(0.01)(5) + (0.01)(R) = 12 = R = 1195 Q

(1) In parallel
FSD =6 mA =0.006 A
I,R, =1,R,
=(0.006)(10)
=(11.994)(R)
= R =0.005 Q

(i1) In series
20 = (0.006)(10) + (0.006)R
= R=33233 Q

Voltages in parallel are equal
= (D(4) = (20-D1(0.02)
41=0.4-0.021

4.02I=04

_ 04 _
I= 10 =0.0995 A

Need: 80 V across R

_ _Vv_ 80 _
V—IRzR—T—m—SOOOOQ

.. connect in series a resistor of 80 kQ
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Q7 A=nr = ﬂ(é)z _ ”(0.085)2

70

2 2000

Ro Pl _ (17x107(18)
A 0.085)2
2000

R=53.93 Q
FSD =2mA =0.002 A
(i) V=1IR
Ve = (0.002)(53.93) = 0.1079 V

10 = (0.002)(53.93) + (0.002)R
R = 4946 Q



