Physics
Higher level

Paper 2

Markscheme

Question Answer Note Marks
1(a) 3
mgh — %mvz v Correct application
of conservation of
20k (051 ms™) (30 m) = L0 ke mechanical energy
53 86 v Substitution of
correct values
v? = 58.86
v Final correct answer
v ="7.67 with unit
1(b) 2
Kinetic Energy = %mvz’ v Correct substitution
into kinetic energy
%(2.0 kg) (7.67 m s71)% = 58.86 J formula

v’ Correct final answer
(Accept58.9J)



https://www.codecogs.com/eqnedit.php?latex=m%20g%20h%3D%5Cfrac%7B1%7D%7B2%7D%20m%20v%5E2%20#0
https://www.codecogs.com/eqnedit.php?latex=(2.0%5C%20%5Cmathrm%7Bkg%7D)%5Cleft(9.81%5C%20%5Cmathrm%7Bm%7D%20%5C%20%5Cmathrm%7Bs%7D%5E%7B-2%7D%5Cright)(3.0%5C%20%5Cmathrm%7Bm%7D)%3D%5Cfrac%7B1%7D%7B2%7D(2.0%5C%20%5Cmathrm%7Bkg%7D)%20v%5E2%20#0
https://www.codecogs.com/eqnedit.php?latex=58.86%20%5Cmathrm%7B~J%7D%3D(1.0%20%5Cmathrm%7B~kg%7D)%20v%5E2%20#0
https://www.codecogs.com/eqnedit.php?latex=v%5E2%3D58.86%20#0
https://www.codecogs.com/eqnedit.php?latex=v%3D7.67%20%5Cmathrm%7B~m%7D%20%5Cmathrm%7B~s%7D%5E%7B-1%7D%20%5Cquad(%5Ctext%20%7B%20Accept%3A%20%7D%207.7%20%5Cmathrm%7B~m%7D%20%2F%20%5Cmathrm%7Bs%7D)#0
https://www.codecogs.com/eqnedit.php?latex=%5Ctext%20%7B%20Kinetic%20Energy%20%7D%3D%5Cfrac%7B1%7D%7B2%7D%20m%20v%5E2%20#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7B1%7D%7B2%7D(2.0%5C%20%5Cmathrm%7Bkg%7D)%5Cleft(7.67%5C%20%5Cmathrm%7Bm%7D%20%5C%20%5Cmathrm%7Bs%7D%5E%7B-1%7D%5Cright)%5E2%3D58.86%5C%20%5Cmathrm%7BJ%7D#0

W = Fd
Fd =58.86J
(4.0 N)d = 58.86 J

a=2% _1472m
4.0

v Recognition that
work done = kinetic
energy

v’ Correct substitution
of values

v Correct final answer
with unit (Accept 14.7
m)

The total energy of an isolated
system remains constant;
energy cannot be created or
destroyed but can be
transformed from one form to
another.

v

The block’s gravitational
potential energy is converted
into kinetic energy as it slides
down the ramp. On the rough
surface, the kinetic energy is
then converted into thermal
energy due to work done by
friction.

v



https://www.codecogs.com/eqnedit.php?latex=W%3DF%20d#0
https://www.codecogs.com/eqnedit.php?latex=F%20d%3D58.86%5C%20%5Cmathrm%7BJ%7D#0
https://www.codecogs.com/eqnedit.php?latex=(4.0%5C%20%5Cmathrm%7BN%7D)%20d%3D58.86%5C%20%5Cmathrm%7BJ%7D%20#0
https://www.codecogs.com/eqnedit.php?latex=d%3D%5Cfrac%7B58.86%7D%7B4.0%7D%3D14.72%5C%20%5Cmathrm%7Bm%7D#0

Question

Answer

Note

Marks

2 (a)

V=024m?v

t+1 t?
S=1U —Qa
2

B 2s
2
2(8)

]2
a=0.25m s2
Fnet =ma V
Fo o= (240)(0.25)
F,.. =60 N

Force from fan:
Ap
At
Am
Fran ="X¢% o
Ffan = (16)(50)

Fian =80 N

a

Ffan:

Resistive force:
Fnet:Ffan_Fr



https://www.codecogs.com/eqnedit.php?latex=mg%3D%5Crho%20Vg#0
https://www.codecogs.com/eqnedit.php?latex=V%3D%5Cfrac%7Bm%7D%5Crho#0
https://www.codecogs.com/eqnedit.php?latex=V%3D%5Cfrac%7B240%7D%7B1000%7D#0
https://www.codecogs.com/eqnedit.php?latex=V%3D0.24%5C%20%5Cmathrm%7Bm%7D%5E3#0
https://www.codecogs.com/eqnedit.php?latex=s%3Dut%2B%5Cfrac12at%5E2#0
https://www.codecogs.com/eqnedit.php?latex=a%3D%5Cfrac%7B2s%7D%7Bt%5E2%7D#0
https://www.codecogs.com/eqnedit.php?latex=a%3D%5Cfrac%7B2(8)%7D%7B8%5E2%7D#0
https://www.codecogs.com/eqnedit.php?latex=a%3D0.25%5C%20m%5C%20s%5E%7B-2%7D#0
https://www.codecogs.com/eqnedit.php?latex=F_%7Bnet%7D%3Dma#0
https://www.codecogs.com/eqnedit.php?latex=F_%7Bnet%7D%3D(240)(0.25)#0
https://www.codecogs.com/eqnedit.php?latex=F_%7Bnet%7D%3D60%5C%20N#0
https://www.codecogs.com/eqnedit.php?latex=F_%7Bfan%7D%3D%5Cfrac%7B%5CDelta%20p%7D%7B%5CDelta%20t%7D#0
https://www.codecogs.com/eqnedit.php?latex=F_%7Bfan%7D%3D%5Cfrac%7B%5CDelta%20m%7D%7B%5CDelta%20t%7Dv#0
https://www.codecogs.com/eqnedit.php?latex=F_%7Bfan%7D%3D(16)(5.0)#0
https://www.codecogs.com/eqnedit.php?latex=F_%7Bfan%7D%3D80%5C%20N#0
https://www.codecogs.com/eqnedit.php?latex=F_%7Bnet%7D%3DF_%7Bfan%7D-F_r#0

F,=20N ¢
2(c) . .
¢ — §(u+v)t Accept-3ms
2s
v = —
t
2(8)
T
v=2ms 'V
w=u—uv
w =5—2
W=3ms vV
2 (d)

v for properly
labeled axes

v for straight line(s)
v for sharp turning
point at x-axis

Only penalize 1 point
for line going below
X-axis



https://www.codecogs.com/eqnedit.php?latex=F_r%3D80-60#0
https://www.codecogs.com/eqnedit.php?latex=F_r%3D20%5C%20N#0
https://www.codecogs.com/eqnedit.php?latex=s%3D%5Cfrac12(u%2Bv)t#0
https://www.codecogs.com/eqnedit.php?latex=v%3D%5Cfrac%7B2s%7D%7Bt%7D#0
https://www.codecogs.com/eqnedit.php?latex=v%3D%5Cfrac%7B2(8)%7D8#0
https://www.codecogs.com/eqnedit.php?latex=v%3D2%5C%20m%5C%20s%5E%7B-1%7D#0
https://www.codecogs.com/eqnedit.php?latex=u'%3Du-v#0
https://www.codecogs.com/eqnedit.php?latex=u'%3D5-2#0
https://www.codecogs.com/eqnedit.php?latex=u'%3D3%5C%20m%5C%20s%5E%7B-1%7D#0

Question

Answer

Note

Marks

3(a)

1 1
mgAh = §Iw2 + §mv2 v

Ah=(R+7r)—(R+r)cosf
Ah=(R+71)(1—cosb) ¢/

1 1.2 v?
—I 2:__ 2
2w 2(5m7")( )
1 1

5[(,«)2 = gmUQ v

1 1 p
mg(R+r)(1 — cosf) = ;””,z + 51)11‘1
)

r2

7
mg(R+1r)(1 — cosf) = Emz@

v = \/1—7051(1% +7)(1 — cosf) v

2

};n—iljr =mgcost — N v

When the ball loses contact, N =0

4
mU2

R+r

2
my/2g(R+r)(1 - cosf)

R+r

= mg cos 0

= mgcosf

10
7mg(1 —cosf) =mgcosb

10

7(1 —cosf) = cosb v
1 1

770089 = 70

E

17

0~ 54° ¢/

cosf =



https://www.codecogs.com/eqnedit.php?latex=mg%5CDelta%20h%3D%5Cfrac12I%5Comega%5E2%2B%5Cfrac12mv%5E2#0
https://www.codecogs.com/eqnedit.php?latex=%5CDelta%20h%3D(R%2Br)-(R%2Br)%5Ccos%5Ctheta#0
https://www.codecogs.com/eqnedit.php?latex=%5CDelta%20h%3D(R%2Br)(1-%5Ccos%5Ctheta)#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac12I%5Comega%5E2%3D%5Cfrac12(%5Cfrac25mr%5E2)(%5Cfrac%7Bv%5E2%7D%7Br%5E2%7D)#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac12I%5Comega%5E2%3D%5Cfrac15mv%5E2#0
https://www.codecogs.com/eqnedit.php?latex=mg(R%2Br)(1-%5Ccos%5Ctheta)%3D%5Cfrac15mv%5E2%2B%5Cfrac12mv%5E2#0
https://www.codecogs.com/eqnedit.php?latex=mg(R%2Br)(1-%5Ccos%5Ctheta)%3D%5Cfrac7%7B10%7Dmv%5E2#0
https://www.codecogs.com/eqnedit.php?latex=%5Ctherefore%20v%3D%5Csqrt%7B%5Cfrac%7B10%7D7g(R%2Br)(1-%5Ccos%5Ctheta)%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7Bmv%5E2%7D%7BR%2Br%7D%3Dmg%5Ccos%5Ctheta-N#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7Bmv%5E2%7D%7BR%2Br%7D%3Dmg%5Ccos%5Ctheta#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7Bm%5Csqrt%7B%5Cfrac%7B10%7D7g(R%2Br)(1-%5Ccos%5Ctheta)%7D%5E2%7D%7BR%2Br%7D%3Dmg%5Ccos%5Ctheta#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7B10%7D7mg(1-%5Ccos%5Ctheta)%3Dmg%5Ccos%5Ctheta#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7B10%7D7(1-%5Ccos%5Ctheta)%3D%5Ccos%5Ctheta#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7B17%7D7%5Ccos%5Ctheta%3D%5Cfrac%7B10%7D%7B7%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Ccos%5Ctheta%3D%5Cfrac%7B10%7D%7B17%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Ctheta%5Capprox54%5Cdegree#0

Question

Answer

Note

Marks

4 (a)

F=PA
F = PQ2rr® +27rl) o
F = 170000(27(0.025)? + 27(0.025)(0.15))

F~4700 N ¢

m
n —

=

T

~0.3540.21
N 29

n =~ 0.0193 mol v
PV =nRT
PV

T nR V

(170000) (7(0.025)%(0.15)
(0.0193)(8.31)

T ~312 K ~39°C v

n

T=

Do not award
final answer

mark if givenin K

only

Question

Answer

Note

Marks

Positive v/

PV = constant
(12.0 x 10°)(4.0 x 107%) = (6.0 x 10°)x |/

r=80x10"3m3 v



https://www.codecogs.com/eqnedit.php?latex=F%3DPA#0
https://www.codecogs.com/eqnedit.php?latex=F%3DP(2%5Cpi%20r%5E2%2B2%5Cpi%20rl)#0
https://www.codecogs.com/eqnedit.php?latex=F%3D170000(2%5Cpi(0.025)%5E2%2B2%5Cpi(0.025)(0.15))#0
https://www.codecogs.com/eqnedit.php?latex=F%5Capprox4700%5C%20N#0
https://www.codecogs.com/eqnedit.php?latex=n%3D%5Cfrac%7Bm%7D%7BM_r%7D#0
https://www.codecogs.com/eqnedit.php?latex=n%3D%5Cfrac%7B0.35%2B0.21%7D%7B29%7D#0
https://www.codecogs.com/eqnedit.php?latex=n%5Capprox0.0193%5C%20mol#0
https://www.codecogs.com/eqnedit.php?latex=PV%3DnRT#0
https://www.codecogs.com/eqnedit.php?latex=T%3D%5Cfrac%7BPV%7D%7BnR%7D#0
https://www.codecogs.com/eqnedit.php?latex=T%3D%5Cfrac%7B(170000)(%5Cpi(0.025)%5E2(0.15)%7D%7B(0.0193)(8.31)%7D#0
https://www.codecogs.com/eqnedit.php?latex=T%5Capprox312%5C%20K%5Capprox39%5E%5Ccirc%20C#0
https://www.codecogs.com/eqnedit.php?latex=PV%3D%5Ctext%7Bconstant%7D#0
https://www.codecogs.com/eqnedit.php?latex=(12.0%5Ctimes10%5E5)(4.0%5Ctimes10%5E%7B-3%7D)%3D(6.0%5Ctimes10%5E5)x#0
https://www.codecogs.com/eqnedit.php?latex=x%3D8.0%5Ctimes10%5E%7B-3%7D%5C%20m%5E3#0

PV =nRT
PV
" nR
(12 x 10°)(8 x 1073)
2(8.31)

T~58 K¢V

Method 1:

W = 2400 J ¢
Method 2:

Area enclosed by graph
W = (6.0 x 10°)(4.0 x 107%) ¢/

W = 2400 J ¢

Question

Note

Marks

6 (a)

0.12
f~25x10° Hz ¢



https://www.codecogs.com/eqnedit.php?latex=PV%3DnRT#0
https://www.codecogs.com/eqnedit.php?latex=T%3D%5Cfrac%7BPV%7D%7BnR%7D#0
https://www.codecogs.com/eqnedit.php?latex=T%3D%5Cfrac%7B(12%5Ctimes10%5E5)(8%5Ctimes10%5E%7B-3%7D)%7D%7B2(8.31)%7D#0
https://www.codecogs.com/eqnedit.php?latex=T%5Capprox578%5C%20K#0
https://www.codecogs.com/eqnedit.php?latex=W%3D(12.0%5Ctimes10%5E5)(8.0%5Ctimes10%5E%7B-3%7D-4.0%5Ctimes10%5E%7B-3%7D)-(6.0%5Ctimes10%5E5)(8.0%5Ctimes10%5E%7B-3%7D-4.0%5Ctimes10%5E%7B-3%7D)#0
https://www.codecogs.com/eqnedit.php?latex=W%3D2400%5C%20J#0
https://www.codecogs.com/eqnedit.php?latex=W%3D(6.0%5Ctimes10%5E5)(4.0%5Ctimes10%5E%7B-3%7D)#0
https://www.codecogs.com/eqnedit.php?latex=W%3D2400%5C%20J#0
https://www.codecogs.com/eqnedit.php?latex=L%3D%5Cfrac%7B5%5Clambda%7D2#0
https://www.codecogs.com/eqnedit.php?latex=L%3D%5Cfrac%7B(5)(12)%7D2#0
https://www.codecogs.com/eqnedit.php?latex=L%3D30%5C%20cm#0
https://www.codecogs.com/eqnedit.php?latex=f%3D%5Cfrac%7Bc%7D%5Clambda#0
https://www.codecogs.com/eqnedit.php?latex=f%3D%5Cfrac%7B3%5Ctimes10%5E8%7D%7B0.12%7D#0
https://www.codecogs.com/eqnedit.php?latex=f%5Capprox2.5%5Ctimes10%5E9%5C%20Hz#0

Cube A will not be heated up v/

asitis at the position of a node v/

Q = mcAT
Q = (0.005)(3350)(30)

Q ~ 500 J ¢
6 (d) (ii)
1 2 92
E = 5w T
MypCAT = 1m w32
w 2 w 0 V

1
cAT = §w2x3

w=2nf — cAT = 212?32 o/

— [cAT
$0—,20ﬂ_2f2

ToR3.2x107% m o

Microwaves reflect off metal [walls
of microwave] v/

Inserting metal into the microwave
oven [create unintended surfaces
for microwaves to reflect off of and]
disrupt the standing wave v/



https://www.codecogs.com/eqnedit.php?latex=Q%3Dmc%5CDelta%20T#0
https://www.codecogs.com/eqnedit.php?latex=Q%3D(0.005)(3350)(30)#0
https://www.codecogs.com/eqnedit.php?latex=Q%5Capprox500%5C%20J#0
https://www.codecogs.com/eqnedit.php?latex=E%3D%5Cfrac12m%5Comega%5E2x_0%5E2#0
https://www.codecogs.com/eqnedit.php?latex=m_wc%5CDelta%20T%3D%5Cfrac12m_w%5Comega%5E2x_0%5E2#0
https://www.codecogs.com/eqnedit.php?latex=c%5CDelta%20T%3D%5Cfrac12%5Comega%5E2x_0%5E2#0
https://www.codecogs.com/eqnedit.php?latex=%5Comega%3D2%5Cpi%20f%5Crightarrow%20c%5CDelta%20T%3D2%5Cpi%5E2f%5E2x_0%5E2#0
http://www.texrendr.com/?eqn=x_0%3D%5Csqrt%7B%5Cfrac%7Bc%5CDelta%20T%7D%7B2%5Cpi%5E2f%5E2%7D%7D#0
http://www.texrendr.com/?eqn=x_0%5Capprox3.2%5Ctimes10%5E%7B-8%7D%5C%20m#0

Question Answer Note Marks
7 (a) 1
fo=5%
f0:683(]><><1100§19
fo~44x10" Hz
7 (b) A, 2
/\ C
A =\=\z
A'=680—680(200x1¢7)
N 678 nm ¢
7 (c) T
Blueshifted v/
7 (d) 1
Moving source:
f/:focgiv ‘/
7 (e) (i) 3

Without time dilation:

f/:f[)ﬁ
t'=t°5

With time dilation:
t'=ytz v
Pt

t'=to 572,
P=hieiier v



http://www.texrendr.com/?eqn=f_0%3D%5Cfrac%7Bc%7D%7B%5Clambda%7D#0
http://www.texrendr.com/?eqn=f_0%3D%5Cfrac%7B3%5Ctimes10%5E8%7D%7B680%5Ctimes10%5E%7B-9%7D%7D#0
http://www.texrendr.com/?eqn=f_0%5Capprox4.4%5Ctimes10%5E%7B14%7D%5C%20Hz#0
http://www.texrendr.com/?eqn=%5Cfrac%7B%5CDelta%5Clambda%7D%5Clambda%3D%5Cfrac%7Bv%7Dc#0
http://www.texrendr.com/?eqn=%5Clambda'%3D%5Clambda-%5Clambda%5Cfrac%7Bv%7Dc#0
http://www.texrendr.com/?eqn=%5Clambda'%3D680-680(%5Cfrac%7B900%5Ctimes10%5E3%7D%7B3%5Ctimes10%5E8%7D)#0
http://www.texrendr.com/?eqn=%5Clambda'%5Capprox678%5C%20nm#0
http://www.texrendr.com/?eqn=f'%3Df_0%5Cfrac%7Bc%7D%7Bc-v%7D#0
http://www.texrendr.com/?eqn=f'%3Df_0%5Cfrac%7Bc%7D%7Bc-v%7D#0
http://www.texrendr.com/?eqn=t'%3Dt_0%5Cfrac%7Bc-v%7Dc#0
http://www.texrendr.com/?eqn=t'%3D%5Cgamma%20t_0%5Cfrac%7Bc-v%7Dc#0
http://www.texrendr.com/?eqn=t'%3Dt_0%5Cfrac%7Bc-v%7D%7Bc%5Csqrt%7B1-%5Cfrac%7Bv%5E2%7D%7Bc%5E2%7D%7D%7D#0
http://www.texrendr.com/?eqn=t'%3Dt_0%5Cfrac%7Bc-v%7D%7B%5Csqrt%7Bc%5E2-v%5E2%7D%7D#0
http://www.texrendr.com/?eqn=t'%3Dt_0%5Cfrac%7Bc-v%7D%7B%5Csqrt%7B(c-v)(c%2Bv)%7D%7D#0

r__ T—7T
t _tow/c—l—v

=l

7 (e) (ii)

fl:f()@

_ 14 50
[ =4.4x1011£0-32

f'a2.8x10° Hz o

— c— 3x108
A £ 2.8x1010

Ax1.1x1077" m

Laser beam is ultraviolet (using
data booklet) v/

Question

Answer

Note

Marks

Anticlockwise v



http://www.texrendr.com/?eqn=t'%3Dt_0%5Cfrac%7B%5Csqrt%7Bc-v%7D%7D%7B%5Csqrt%7Bc%2Bv%7D%7D#0
http://www.texrendr.com/?eqn=%5Ctherefore%20f'%3Df_0%5Csqrt%7B%5Cfrac%7Bc%2Bv%7D%7Bc-v%7D%7D#0
http://www.texrendr.com/?eqn=f'%3Df_0%5Csqrt%7B%5Cfrac%7Bc%2Bv%7D%7Bc-v%7D%7D#0
http://www.texrendr.com/?eqn=f'%3D4.4%5Ctimes10%5E%7B14%7D%5Csqrt%7B%5Cfrac%7B1%2B0.95%7D%7B1-0.95%7D%7D#0
http://www.texrendr.com/?eqn=f'%5Capprox2.8%5Ctimes10%5E%7B15%7D%5C%20Hz#0
http://www.texrendr.com/?eqn=%5Clambda%3D%5Cfrac%7Bc%7D%7Bf'%7D%3D%5Cfrac%7B3%5Ctimes10%5E8%7D%7B2.8%5Ctimes10%5E%7B15%7D%7D#0
http://www.texrendr.com/?eqn=%5Clambda%5Capprox1.1%5Ctimes10%5E%7B-7%7D%5C%20m#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7Bmv%5E2%7Dr%3DqvB#0
https://www.codecogs.com/eqnedit.php?latex=r%3D%5Cfrac%7Bmv%5E2%7D%7BqvB%7D#0
https://www.codecogs.com/eqnedit.php?latex=r%3D%5Cfrac%7Bmv%7D%7BqB%7D#0
https://www.codecogs.com/eqnedit.php?latex=r%3D%5Cfrac%7Bp%7D%7BqB%7D#0
https://www.codecogs.com/eqnedit.php?latex=T%3D%5Cfrac%7B2%5Cpi%20r%7Dv#0
https://www.codecogs.com/eqnedit.php?latex=T%3D%5Cfrac%7B2%5Cpi%20mv%7D%7BqvB%7D#0

_2mm

" 4B v
Not dependent on the particle’s
velocity as no vterm/all variables
are independent of vv/

8 (d) —_—_Ymuv
"=4B v
8 (e) S
T:27;Aém
Dependent on particle’s velocity
asyisdependentonv v
8 (f) (i) ,
T:%
27(1.673x10727)
T (1.6x10719)(50x1073)
Tr1.3x1070s ¢/
8 (f) (ii) .
T=2"

_ 27(1.673x10727) ( 1 )
T (1.6x10719)(50x1073) \1—-0.992

T~9.3x107%s ¢



https://www.codecogs.com/eqnedit.php?latex=T%3D%5Cfrac%7B2%5Cpi%20m%7D%7BqB%7D#0
http://www.texrendr.com/?eqn=r%3D%5Cfrac%7B%5Cgamma%20mv%7D%7BqB%7D#0
http://www.texrendr.com/?eqn=T%3D%5Cfrac%7B2%5Cpi%20r%7D%7Bv%7D#0
http://www.texrendr.com/?eqn=T%3D%5Cfrac%7B2%5Cpi%5Cgamma%20m%7D%7BqB%7D#0
http://www.texrendr.com/?eqn=T%3D%5Cfrac%7B2%5Cpi%20m%7D%7BqB%7D#0
http://www.texrendr.com/?eqn=T%3D%5Cfrac%7B2%5Cpi(1.673%5Ctimes10%5E%7B-27%7D)%7D%7B(1.6%5Ctimes10%5E%7B-19%7D)(50%5Ctimes10%5E%7B-3%7D)%7D#0
http://www.texrendr.com/?eqn=T%5Capprox1.3%5Ctimes10%5E%7B-6%7D%5C%20s#0
http://www.texrendr.com/?eqn=T%3D%5Cfrac%7B2%5Cpi%5Cgamma%20m%7D%7BqB%7D#0
http://www.texrendr.com/?eqn=T%3D%5Cfrac%7B2%5Cpi(1.673%5Ctimes10%5E%7B-27%7D)%7D%7B(1.6%5Ctimes10%5E%7B-19%7D)(50%5Ctimes10%5E%7B-3%7D)%7D(%5Cfrac1%7B%5Csqrt%7B1-0.99%5E2%7D%7D)#0
http://www.texrendr.com/?eqn=T%5Capprox9.3%5Ctimes10%5E%7B-6%7D%5C%20s#0

Question

Answer

Note

Marks

9 (a)

Red supergiant undergoes
supernova and collapsesintoa
neutron star v/

Vorb= G]{z\/l

—GM
Ugrb V

R— (6.67x10711)(3.0x1039)
(4.04x106)?

R~1.23x10"m ¢

Orbital radius of probe A will
decrease and orbital radius of
probe B will increase v/

Magnetic force on probe Ais
inwards and magnetic force on
probe B is outwards radially [from
Fleming’s left-hand rule] v/ v/

GMptquB=mp? o

quBr2—mu2r+GMm=0 ¢/

r~1.33x107 m (using GDC) v/



http://www.texrendr.com/?eqn=v_%7Borb%7D%3D%5Csqrt%7B%5Cfrac%7BGM%7DR%20%7D#0
http://www.texrendr.com/?eqn=R%3D%5Cfrac%7BGM%7D%7Bv_%7Borb%7D%5E2%7D#0
http://www.texrendr.com/?eqn=R%3D%5Cfrac%7B(6.67%5Ctimes10%5E%7B-11%7D)(3.0%5Ctimes10%5E%7B30%7D)%7D%7B(4.04%5Ctimes10%5E6)%5E2%7D#0
http://www.texrendr.com/?eqn=R%5Capprox1.23%5Ctimes10%5E7%5C%20m#0
http://www.texrendr.com/?eqn=G%5Cfrac%7BMm%7D%7Br%5E2%7D%2BqvB%3D%5Cfrac%7Bmv%5E2%7Dr#0
http://www.texrendr.com/?eqn=qvBr%5E2-mv%5E2r%2BGMm%3D0#0
http://www.texrendr.com/?eqn=(10)(4.04%5Ctimes10%5E6)(1.0)r%5E2-(400)(4.04%5Ctimes10%5E6)%5E2r%2B(6.67%5Ctimes10%5E%7B-11%7D)(3.00%5Ctimes10%5E%7B30%7D)(400)%3D0#0
http://www.texrendr.com/?eqn=r%5Capprox1.33%5Ctimes10%5E7%5C%20m#0

9 (d) (ii)

GMp—quB=mp* o,

—quBr2—muv2r+GMm=0

r~1.14x107 m (using GDC) ¢/

Question

Answer

Note

Marks

10 (a)

3v

10 (b)

Slow down neutrons v

to increase collisions between
neutrons and nuclei v/

10 (c)

Am = 235.043923 — 136.907084 — 95.934284

Am = 2.202555 u v/

2.202555

P=_""""""(7.0x1077)(3.0 x 10%)?
535013023 0 % )30 10 4

P 590 x 10° W ~ 590 MW ¢

10 (d)

Q =mL
Am_P

At L
Am B 5.9 x 108
At 2268

Amo 5 1 9 o1
A 2.6 x 10° g s [~ 2600 kg s™'] V



http://www.texrendr.com/?eqn=G%5Cfrac%7BMm%7D%7Br%5E2%7D-qvB%3D%5Cfrac%7Bmv%5E2%7Dr#0
http://www.texrendr.com/?eqn=-qvBr%5E2-mv%5E2r%2BGMm%3D0#0
http://www.texrendr.com/?eqn=-(10)(4.04%5Ctimes10%5E6)(1.0)r%5E2-(400)(4.04%5Ctimes10%5E6)%5E2r%2B(6.67%5Ctimes10%5E%7B-11%7D)(3.00%5Ctimes10%5E%7B30%7D)(400)%3D0#0
http://www.texrendr.com/?eqn=r%5Capprox1.14%5Ctimes10%5E7%5C%20m#0
https://www.codecogs.com/eqnedit.php?latex=%5CDelta%20m%3D235.043923-136.907084-95.934284#0
https://www.codecogs.com/eqnedit.php?latex=%5CDelta%20m%3D2.202555%5C%20u#0
https://www.codecogs.com/eqnedit.php?latex=P%3D%5Cfrac%7B2.202555%7D%7B235.043923%7D(7.0%5Ctimes10%5E%7B-7%7D)(3.0%5Ctimes10%5E8)%5E2#0
https://www.codecogs.com/eqnedit.php?latex=P%5Capprox5.90%5Ctimes10%5E8%5C%20W%5Capprox590%5C%20MW#0
https://www.codecogs.com/eqnedit.php?latex=Q%3DmL#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7B%5CDelta%20m%7D%7B%5CDelta%20t%7D%3D%5Cfrac%7BP%7DL#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7B%5CDelta%20m%7D%7B%5CDelta%20t%7D%3D%5Cfrac%7B5.9%5Ctimes10%5E%7B8%7D%7D%7B2268%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7B%5CDelta%20m%7D%7B%5CDelta%20t%7D%5Capprox2.6%5Ctimes10%5E%7B5%7D%5C%20g%5C%20s%5E%7B-1%7D%5C%20%5B%5Capprox2600%5C%20kg%5C%20s%5E%7B-1%7D%5D#0

10 (e)

Spins a coil of wire in a magnetic
field v

Magnetic flux in the coil changes
with rotation v/

Induces an electric current v/




