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Hooke's Law
1 (2 marks)
Xx=10—-08=0.2m M1
_40%x02 _
T= T =10N Al
Answer: 10 N 2 marks
2 (2 marks)
_ 60x
24 = E M1
X=0.6m Al
Answer: 0.6 m 2 marks
3 (2 marks)
x:o.7—o.5:o.2m,16:}‘Sg'2 M1
A=40N Al
Answer: 40 N 2 marks
4 (2 marks)
12 = 50 T 0.3 M1
[=1.25m Al
Answer: 1.25m 2 marks
5 (3 marks)
A _ 30 _ 1
(a)l——m—SONm B1
Answer: 50N m~ 1 mark
(b) T=50x0.04 M1
=2N Al
Answer: 2N 2 marks
6 (3 marks)
49x%x 2
T:O.5><9.8:4.9N,X:T:O.lm M1 Al
Length=2.1m Al
Answer: 2.1 m 3 marks
7 (3 marks)
T=08x98=7.84N B1
_Ax03
7.84 = T M1
A=3136N Al
Answer: 31.36 N 3 marks
8 (3 marks)
Compression = 0.5 — 0.42=0.08 m B1
Thrust = 20x008 ; 2'08 M1
=32N Al
Answer: 3.2 N 3 marks
9 (4 marks)
(a) 0.3 % 9.8= 2220 M1
A =588N Al
Answer: 58.8 N 2 marks
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(b) 0.75x 9.8= =X M1

x=0.15m Al

Answer: 0.15m 2 marks
10 (4 marks)

. 45x 0.9
Greatest extension=09m,so T = 09 - 45N M1 A1
=5

m=gg M1

=4.59 kg Al

Answer: 45 N; 4.59 kg 4 marks
11 (4 marks)

By symmetry the tensions are equal: 2T =2x 9.8, s0 T =9.8 N M1 A1

_49x

9.8 = W,x-O.lZm M1

Length =0.72 m Al

Answer: 0.72 m 4 marks
12 (4 marks)

Xx=15—-12=03m Bl

_72x03 _

T= 7 = 18N M1 Al

The force on A has magnitude equal to the tension, 18 N B1

Answer: T =18 N; forceon A 18 N 4 marks
13 (4 marks)

P.15= 2% x=05m M1 AL

Q15= 2 x=1m AL

T= ¥ so for the same T and A the extension x is proportional to the natural length | El

Answer: P: 0.5m; Q: 1 m; x isproportional to | 4 marks
14 (5 marks)

6= A(O'E:_l)’l“: 2\(1.o|—|) "

Subtract: 8 = O'Iﬂ, so Ié =40 M1 A1

6=40(0.8—1),s01=0.65m Al

A=40x065=26N Al

Answer: 1 =0.65m, A =26N 5 marks
15 (5 marks)

(a) Tension is the same in both strings: x; = % =02m,x, = % =02m M1 Al

Total length=0.6+04+02+02=14m Al

Answer: 1.4m 3 marks

(b) 10= 2204 M1

A'=25N Al

Answer: 25N 2 marks
16 (4 marks)

(a) Natural lengths 0.4 m and 0.8 m B1

Each piece carries the same tension as the original at the same value of |5 so each has modulus 36 El

N

Answer: 0.4 m and 0.8 m; each has modulus 36 N 2 marks
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_9x04 _ _9x08 _
(b)xl—T—O.lm,xz—T—O.Zm

Answer: 0.1 mand 0.2 m

17 (5 marks)
Lo~ x(l.? 1) sg4- ?x(l.i? —
Subtract: 2.94 = O'Iih, 0 % Y

49=98(15—-1),s01=1.0m
A=98x10=98N
Answer: 1 =1.0m, A =9.8N

18 (5 marks)
APextenson =12 — 0.8=04m, T =224 212N
BP=3.0— 1.2=1.8m, extension 0.8 m
Equilibrium: the tensions are equal, 12 = %
A=15N
Answer: A =15N
19 (4 marks)
Stretched length = 3 x 0.4 = 1.2 m, extension 0.6 m
_30x06 _
T= 06 " 30N

The two parts of string at A each pull with 30 N, at 60° to each other
Resultant = 2 x 30 x cos 30° = 52.0 N
Answer: T =30N; 520N

20 (4 marks)
Tension is proportional to the extension, not to the length. Doubling the length does not double
the extension
Atlength15m: x=05m, T = 20 x10'5 =10 N, which agrees
Atlength3m:x=2m, T = 2ol><2

T=40N
Answer: T =40 N

21 (7 marks)

Each string has length {1.2% + 1.6 = 2.0 m
Resolving verticaly: 2T x % =2x98

T=1225N

. Ax05
Extenson=2.0—15=05m, s0 12.25 = 5
A=36.75N

Answer: A =36.75N

22 (8 marks)
R=2x98xcos30°=170N
Limiting friction F=0.3R=5.09 N
About to didedown: T+ F=2x9.8xsn30°=9.8,s0T =471 N
About to slideup: T=9.8+F=149N

- TT' = o x=0112mand 0355 m

The length of the string lies between 0.812 m and 1.05 m
Answer: 0.812m to 1.05m
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23 (7 marks)
(@ LetAP=y,soPB=24 -y
Ty= 2008 _ 5oy — 0g), T, = 222V =09 515 y)

Equilibrium: T, =Tg + 20

50y —40=90— 50y + 20,soy =15m
Answer: AP=15m

(b) T,=50x0.7=35N,Tg=50x03=15N
Answer: T, =35N, Tg=15N

24 (8 marks)
(a) The tension is the same in both springs
T T 1 1
Xl:k_l’XZZ_Z’SOXZT(k_l+k_2)
T 1 _ kiky
X i) Tk k)
K,
k1K
(ky +ky)
(b) Total tension = k;x + kyx
= (ky + ky)x, so the stiffness isk; + k,
Answer: k; + Kk,
() Series: % =24Nm™!; sideby side: 100N m™*

Answer: 24N m~% 100N m™*

k =

=1
(5 *

Answer: k =

25 (8 marks)
Thering is smooth, so the tension T is the same in both parts of the string

AR=RB = \/1.22 +0.9% = 1.5 m, so the string has length 3.0 m and extension 1.2 m

Resolving verticaly: 2T x % =12
T=10N
_Ax12 _
10=—3 ,SOA=15N
Answer: A =15N
26 (10 marks)
(a)mg:Mand3mg:M
Dividing: 3(a— ) =b — I, s01 = 320
_(b—-9 _mgl _ mg(3a—Dh)
a—l="%5—0A=7="F_34
o, _@Ba—=Db)., _mgBa-Db)
Answer: | = 5 A= b—a

(b) The string stretches more under the larger load, so b > a
The natural length is positive, so 3a— b>0and b < 3a
Answer: a<b < 3a

©1=272=06m

_04x98x12 _
A—T—7.84N

Answer: 0.6 m; 7.84 N
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27 (11 mar ks)
4mg x a

(8) Xgc = 5,90 Tge = —555— = Mg
Resolving vertlcally at B: Tpg = Tge + Mg = 2mg
Answer: Tgc =mg, Tag =2mg
_2mgxa _ 2a _ 5a
(b) AB — 3mg - 3 y SOAB - ?

5a , 5a _ 25a _ 25
AC=g+3 =5 %k=7%
25

Answer: k = 5

(c) Tension T' isthe samein both strings: AB=a+ 5—,BC=2a+ — 2aT

3mg 4mg
5al" _ 25a . _ 7mg
Sum: 3a+ 6_mg ?, 0T = 5
Ta _ 22a
15 ~ 15

. _ 22a
Answer: AB = 15

AB=a+

28 (10 marks)

_ AL - 08)
@T="""733g

Each string makes an angle @ with the horizontal, where sin @ = %

Resolving vertically: W = 2T sin @

.. AL =—08) 2Ah(L — 0.8)
W=2x—=3g 0.8L
2Ah(L — 0.8)

0.8L

(b)L = \/0.62 +0.8%°=1.0

_2x50%x08x%x02 _
W= 0.8x1.0 =20N
Answer: L =10,W=20N
(©tang = %

(p =53.1°
Answer: 53.1°

x =
L=

Answer: W =

29 (10 marks)
(a) Each half of the string has natural length d and modulus A

Each half has length yd” + y?, so its extension isd* + y* — d

To AR +y? — d)
=2E Ty 20

2 2 _
Answer: T = Ayd +dy d)

(b) Resolving perpendicular to AB: F = 2T x y

2y (d?+y?—d) _ 2Ay d
F:—X :_1_
’dZ +y2 ( ’d2+y2)
AnSNer:Fzzﬁy(l— d )
\/d2+y2
d _ y2
(©) Ty (1 v 12
1Y
=1 %
P2y, ¥ W
d 22 o
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3

Answer: F = 2;_y3 3 marks

(d) Exact: 0.155 N M1

Approximation: 0.160 N Al

Answer: exact 0.155 N; approximate 0.160 N 2 marks
30 (11 marks)

(a) Lowest position: friction acts down the plane, so T, =2g sin 30° + F M1 Al

Highest position: friction acts up the plane, so T, + F = 2g sin 30° M1 A1

Adding: T, +T,=4gsin30° =106, and T, + T, = 202 2> 08 M1

98 — 106,504 =294 AL

Answer: A =294 6 marks

(0) T, = 25502 = 49N, T,= 24200 - 947 M1 AL

T,—T,=2F,s0oF=49N M1

R =2g cos 30° = 16.97, and F = pR at the extremes, so p = % =0.289 M1 Al

Answer: p = 0.289 5 marks
Elastic Strings
1 (2 marks)

Tension = weight: mg = M M1

_

X = 3 Al

Answer: X = 13 2 marks
2 (3 marks)

T=220% 25N M1

2a=245—-2x%x98 M1

a=2.45m s~ upwards Al

Answer: 2.45m s™2 upwards 3 marks
3 (3 marks)

F=04x3x98=1176N B1

_ 60x

11.76 = ﬁ M1

X =0.196 m Al

Answer: 0.196 m 3 marks
4 (3 marks)

T=2x98xsn30°=9.8N M1 A1

_ 49 _

9.8—E,sox—0.lm Al

Answer: 0.1 m 3 marks
5 (3 marks)

_4dmgxa _

T= e 2mg M1 A1l

ma = 2mg — mg, SO a = g upwards Al

Answer: T = 2mg; g upwards 3 marks
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6 (2 marks)
¥:%:1.5><9.8 M1
A =588N Al
Answer: 58.8 N 2 marks
7 (4 marks)
Limiting friction F=05%x2x9.8=9.8N B1
_ 24X
98= W M1
x=0.245m Al
Greatest distance = 0.6 + 0.245=0.845m Al
Answer: 0.845m 4 marks
8 (4 marks)
Sna=c,0T=2x98x 2 =1L76N M1 AL
1176 = 5% o x=014m M1
Length=0.84 m Al
Answer: 0.84 m 4 marks
9 (5 marks)
Ty = % =20 N upwards M1 A1
Tp = 22228 = 30N downwards (PB = 1.0 m) M1 AL
1xa=98+30— 20, s0oa=19.8ms 2 downwards Al
Answer: 19.8 m s~2 downwards 5 marks
10 (4 marks)
() 3mg = Gm% =X M1
o
X = 5 Al
Answer: Ii 2 marks
(b) Extension=1,s0 T = Gm?xl =6mg M1
3ma= 6mg — 3mg, so a= g upwards Al
Answer: g upwards 2 marks
11 (5 marks)
R=4x98xcosa=31L36N,F=025R=784N B1 M1
T=4x98xsna+F=2352+784=3136N M1
_Ax06
31.36 = 2 M1
A=6272N Al
Answer: 62.72 N 5 marks
12 (4 marks)
(a)mg:zmixx,sox:%1 M1
Length = 3—2& Al
Answer . 3_2a 2 marks
(b)2mg:2m%><x,sox:a M1
Length = 2a Al
Answer: 2a 2 marks
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13 (5 marks)
(a) Tension in string 1 = Ll_l) M1
Tension in string 2 = w =50(L — 1.2) M1
40(L — 1) +50(L — 1.2) =49, so 90L — 100 = 49 and 90L = 149 Al
Answer: 90L = 149 3 marks
149
(b) L = 5o — 1.656m B1
T,=40x%0.656=26.2N, T, =50 % 0.456 = 22.8 N Al
Answer: 26.2 N and 22.8 N 2 marks
14 (6 marks)
T= —35570'8 =40 N M1 Al
R=25x98x08=196N,F=05%x196=98N B1
Weight component down the plane = 2.5 x 9.8 x 0.6 = 14.7 N; 40 > 14.7 + 9.8 so P moves up the El
plane
25a=40—-14.7- 9.8 M1
a=6.2ms 2 up the plane Al
Answer: 6.2 m s~ up the plane 6 marks
15 (6 marks)
Verticaly: T cos30° =1.5x 9.8 M1
T=170N Al
Horizontally: F=T sin 30° = 8.49 N M1 Al
_ Tl _17.0x08 _
X—T—4—9—0.277m M1
Length=0.8 + 0.277=1.08 m Al
Answer: F = 8.49 N; length 1.08 m 6 marks
16 (6 marks)
BD=422+15°=25m B1
Moments about A: T x (perpendicular distance from A to BD) = 6 x 9.8 x 1, with distance % M1 A1
=12m
T=49N Al
Extension = 2.5 — 125 = 1.25m, 5049 = 222 M1
A=49N Al
Answer: A =49 N 6 marks
17 (5 marks)
The peg is smooth, so the tension is the same throughout, and T =2 x 9.8 =19.6 N M1 Al
19.6 = %, sox=0.75m M1 Al
AB+BP=15+0.75=2.25,s0BP=105m Al
Answer: BP =1.05m 5 marks
18 (6 marks)
Limiting friction: A: 0.4 x2x9.8=784N,B:04x3x98=1176N M1 A1l
A would slip first, so T < 7.84 N E1
39.2x
7.84:W,sox:0.1m M1 Al
Greatest distance AB=05+0.1=0.6 m Al
Answer: 0.6 m 6 marks
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19 (7 marks)
Therod is uniform and horizontal, so each string hastension T=2x 9.8=196 N M1 Al
Strina at A- _196x08 _ 4 its lenath i 16
rnng .X—W—Em,smseng |5Em M1 Al
Therod is horizontal, so the string at B also has length 1—2 m and extension i—g —06= 1—75 m B1
_AXT
19.6 = 15/0.6 M1
A=252N Al
Answer: A =252N 7 marks
20 (8 marks)
(a) Tension in the elastic string:% =98N M1 A1
Tension in the inextensible string = 1.8g = 17.64 N B1
Limiting friction F=17.64 — 9.8=784N,R=29=196 N M1
p= % =04 Al
Answer: p =04 5 marks
(b) Friction now acts towards the pulley: T =17.64 + 7.84 = 2548 N M1 Al
2548 = 7% s0x=026m AL
Answer: 0.26 m 3 marks
21 (7 marks)
AC = AD and angle DAC = 60°, so triangle ACD is equilateral and CD =2 m B1
Moments about A: T x 2sin 60° =8 x 9.8 x 1.5 sin 60° M1A1AL
T=588N Al
. Ax05
Extenson=2 — 1.5=05m, s0 58.8 = 5 M1
A=176.4N Al
Answer: A =176.4 N 7 marks
22 (7 marks)
The student has interchanged sin o and cos o: R = 3g cos a and the component of weight down El
the planeis 3g sin «
R=3x98x0.6=17.64N,F=05R=8.82N M1 Al
T+F=3%x98x08,s0T=2352—-882=147N M1 A1
14.7= 2% sox=027m M1
Length=1.17m Al
Answer: 1.17 m 7 marks
23 (7 marks)
(a) Component of weight down the plane=20x 0.6 =12 N B1
Th= —30(y0—5 05) _ 60(y — 0.5), Tg = 6By = 06) _Oye_ 06) _ 60(2.4 — y), with AP =y M1 A1
To=Tg+12 M1
60y — 30=144 — 60y + 12, soy =1.55m Al
Answer: AP =155m 5 marks
(b)) T,=60x105=63N, Tz =60x%0.85=51N B1B1
Answer: 63N and 51 N 2 marks
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24 (6 marks)
String length = /0.6 + 0.82 = 1.0 m, extension 0.2 m
_40x02 _
T=— =10N
. 0.6
Horizontally: P=T x 10~ 6N
Vertically: R=05x98+T x (1);2
R=129N
Answer: P=6N,R=129N
25 (7 marks)
Lt AP=y,soPB=20—-y
20(y — 0.5 24(1.6 —
Ty = 20209 - oy — 05), T, = 2E2 =Y — 6016 - y)

Limiting friction=05x%x 3x 9.8=14.7 N
[To — Tg|=|100y — 116| < 14.7
10l=y=<131

Answer: 1.01m =AP=131m

26 (7 marks)

The height of Bisy5° — 3° =4 m
Moments about A: Sx4=20x98x 15
S=735N

Horizontally: T=S=735N
Extenson=3 — 1.2=18m, s073.5=

A=49N
Answer: A =49 N

Ax18
1.2

27 (11 marks)
(@R=25x98x0.6=14.7N
F=0.25x%14.7=3.67/5N
T+F=25%x98x%x08=19.6,s0T=15.925N

_ 15925 x 0.7

X—WZOBBm,SOAP: 1.05m

Answer: AP=1.05m

(b) T=19.6+3.675=23275N, x =
AP=121m

Answer: AP=121m

 3185x08 _
(C)T—T—364N

36.4 — 19.6 — 3.675=25a
a=5.25m s 2 up the plane
Answer: 5.25 m s~2 up the plane

23.275x 0.7

3165 =0.512m

28 (10 marks)

(a) OA = OP = g, so triangle OAP isisosceles and AP = 2asin %

Angle OPA =90° — % and the tangent is perpendicular to OP, so the angle between PA and the
tangent is g

Answer: AP = 2asin g; the string makes angle% with the tangent

(b) The weight makes an angle 6 with the radius OP produced, so its component along the tangent
ismgsin®
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Tcos%:mgsinG:ngsin%cos% M1
T=2mgsin % Al
Answer: T =2mg sin g 4 marks
(©T= —3mg(AaP ~3 and T = 2mg sin % = mgaAP M1
3(AP — 8 = AP, 0 AP = 2 AL
n0.3
sin =7 M1
0 =97.2° Al
Answer: AP = 3—2a, 0=972 4 marks
29 (10 marks)
(a) AP=BP= \/0.62 +0.82=10m B1
24 x 0.4 20%x 0.2
Ta="06 =16N,TB=T=5N M1 Al
Answer: 16 N and 5N 3 marks
(b) Parallel to AB: F; =16 x 0.6 — 5x 0.6 =6.6 N M1 Al
Perpendicular to AB: F, =16 x 0.8+ 5x0.8=16.8 N Al
F=16.6°+16.8% = 180N M1
168 , _ .
tanG—W,O—GS.G Al
Answer: F =18.0N at 68.6° to AB 5 marks
(c) Resultant force on P = F in the opposite direction M1
_ 180 _ 5
a=45g = 226ms Al
Answer: 22.6 m s—2 2 marks
30 (11 marks)
(a) Thering is smooth, so the tension T is the same in both parts B1
The horizontal components T cos oc; and T cos o, must balance, so «; = a, El
Answer: equal tensions, so equal horizontal components, so equal angles 2 marks
(b) The horizontal spanis2.4=3.0cosa, socosa =0.8and sin a =0.6 M1 Al
Vertically: 2T sina=12,s0T=10N M1 Al
Extension =30 — 22=08m, s010= 2328 M1
A=275N Al
Answer: T=10N, A =275N 6 marks
(c) Let the horizontal distances of R from A and B be x; and X,: X; + X, = 2.4 and (x; — X,) tan « M1 Al
=09
X, = 1.8, so the depth below A =1.8 x 0.75=1.35m Al
Answer: 1.35m 3 marks
Elastic Springs
1 (2 marks)
Compression = 0.1 m, thrust = % M1
=5N Al
Answer: 5N 2 marks
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2 (2 marks)
14.7x

Thrust =0.5x%x9.8=4.9 N, s04.9= 06 M1

x =0.2m, so the lengthis 0.4 m Al

Answer: 0.4 m 2 marks
3 (2 marks)

_ A x0.098

0.4 x9.8= ~ 05 M1

A=20N Al

Answer: 20 N 2 marks
4 (3 marks)

. _2%x98 _ 1

Stiffness = 005 " 392 Nm M1 A1

5x%x9.8=392x,s0x =0.125m Al

Answer: 0.125 m 3 marks
5 (3 marks)

Thrust is proportional to compression: 30 = k x 0.15, so k = 200 N m™* M1 Al

Thrust =200 x 0.3 =60 N Al

Answer: 60 N 3 marks
6 (3 marks)

A _ 48 _ .

(a)l—-ﬁ—SONm Bl

Answer: 80N m™* 1 mark

(b) Each piece has natural length 0.3 m and modulus of elasticity 48 N M1

Stiffness = % =160 N m™, twice that of the original spring Al

Answer: 160 N m~* 2 marks
7 (4 marks)

Compression=05—0.3=0.2m B1

Thrust:%:ESN M1 Al

The force on each point is6 N B1

Answer: thrust 6 N; force on each point 6 N 4 marks
8 (4 marks)

Thrust =2 x 9.8 xsin 30° =9.8 N M1 A1

_ 49 _

9.8—W,SOX—0.16m M1

Length = 0.64 m Al

Answer: 0.64 m 4 marks
9 (4 marks)

Compression = 0.3 m, so thrust = % =441 N M1 Al

3a=44.1—-3x98 M1

a=4.9ms 2 upwards Al

Answer: 4.9 m s™? upwards 4 marks
10 (6 marks)

(a) Length less than natural length, so thrust B1

Thrust = % =45N M1 Al

Answer: thrust of 45N 3 marks

(b) Length greater than natural length, so tension B1
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18 x 0.18

Tension = 06 - 94N
Answer: tension of 5.4 N
11 (4 marks)
. . . 20x . 30x
Both springs have the same extension x: tension total = o5 * 05 = 100x
100x =1.5%x 9.8, s0x=0.147m
Length = 0.647 m
Answer: 0.647 m
12 (4 marks)
. . 24 x 0.3
Extension = 0.9 — 0.6 = 0.3 m, so tension = —06 - 12N
12=15a

a=8m s ? towards the wall
Answer: 8 m s~?

13 (5 marks)

Let the natural length be | and the stiffness k: 2g = k(I — 0.40) and 3g = k(I — 0.35)

Dividing: 3(1 — 0.40) = 2(1 — 0.35), 0| = 0.5 m
k=20 =196 Nm™, oA =kl =98N

Answer: natural length 0.5 m; modulus 98 N

14 (5 marks)
LetAP=y,soPB=18 -y
40(y — 0.5 24(1.4 —
To= 2099 _ gy — 05), T, = 24V —gp14 - y)

To=Tg+15%x98
80y —40=84 — 60y + 14.7,s0y =0.991 m
Answer: AP =0.991 m

15 (5 marks)
(a) Extension 0.08 m, tension 2 x 9.8 =19.6 N
. _ 196 _ 1
Stiffness = 0.08 = 245N m

Answer: 245N m™1!
(b) Extension = 0.115 m, so tension = 245 x 0.115=28.175 N
_ 28175 _

Answer: 2.875 kg

16 (5 marks)
Compression = 0.2 m, so thrust = % =12N

A: 2a, =12, s0 a, =6 ms 2, away from B

B: 3a; = 12, so ag =4 m s™2, away from A

2

Answer: A: 6m s~ B: 4m s, in opposite directions

17 (5 marks)
(a) 4 x A B_%OS =8x9.8
A=196 N
Answer: A =196 N
(b) 4% 5% =20x 9.8

x = 0.125 m, so the length is 0.375 m
Answer: 0.375 m

stemup.co.uk | page 13

M1 Al

3 marks

M1 A1l

M1
Al
4 marks

M1 Al

M1
Al

4 marks

M1 A1l
M1 Al

Al

5 marks

B1

M1 Al

M1

Al
5 marks

B1

M1 Al

3 marks
M1

Al

2 marks

M1 A1l

M1 Al
Al

5 marks

M1 Al

Al
3 marks

M1

Al
2 marks



StemUp | Further Mathematics | Further Mechanics: Elastic Strings and Springs | Model Answers

18 (4 marks)
T—2%x98=2x245 M1
T=245N Al

49x
245 = ﬁ,sox:O.ZSm M1
Length=0.75m Al
Answer: 0.75m 4 marks

19 (3 marks)
The student has used the length 0.4 m in place of the compression El
Compression=05—-04=0.1m M1

_20x0.1 _

Thrust = —05 - 4N Al
Answer: 4 N 3 marks

20 (8 marks)
() TensioninAP=w=40x— 20 M1 AL
Tensionin B = 212X - 66— gox M1 AL
Resultant towards B = (66 — 60x) — (40x — 20) = 86 — 100x Al
Answer: 86 — 100x 5 marks
(b) Limiting friction=0.25x2x 9.8=49N B1
|86 — 100x| = 4.9 M1
0.811 = x = 0.909 Al
Answer: 0.811 = AP = 0.909 3 marks

21 (6 marks)
(a) Spring length = 1.5 — 0.6 = 0.9 m, so compression = 0.1 m M1
Thrust = % =392N Al
T+392=2x%x98 M1
T=1568N Al
Answer: 15.68 N 4 marks
(b) 2a=2x%9.8 —3.92 M1
a=7.84 m s~ downwards Al
Answer: 7.84 m s™2 downwar ds 2 marks

22 (7 marks)
(8 T=3mg, so 3mg = m M1

_ 3l

X = x Al

3l
Answer : a 2 marks
(b) P: 2ma=3mg — 2mg M1
a= % upwards Al
Q fals freely with acceleration g downwards B1
Answer: P; % upwards, Q: g downwards 3 marks
(c)2mg:4mg|xx,sox:|§ M1
Length = %I Al

3l
Answer : > 2 marks
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23 (7 marks)
(a) B isin equilibrium, so the tension in the stringis2 x 9.8 = 19.6 N B1
A isin equilibrium, so the tension in the spring is 19.6 N M1
19.6 = %,SOXZO.32m M1 A1
Length =1.12 m Al
Answer: 19.6 N; 1.12m 5 marks
(b) 3a=19.6 M1
a=6.53 m s ? towards W Al
Answer: 6.53 m s™2 towards W 2 marks
24 (8 marks)
R=2x98x0.8=1568N,F=05R=7.84N B1 M1
About to slidedown: S+ F=2x9.8x0.6=11.76,s0 S=3.92N M1 A1
About to dlideup: S=11.76 + 7.84 =196 N Al
Compression = % = %: 0.072 mand 0.36 m M1 A1
The length lies between 0.54 m and 0.828 m Al
Answer: 0.54 m to 0.828 m 8 marks
25 (7 marks)
The length of the spring is0.4° + 0.3% = 0.5 m, so the extension is 0.2 m B1
Verticaly: T x % =0.6x9.8 M1
T=98N Al
9.8=%,30A=14.7N M1 A1l
Horizontally: R=T x % =7.84N M1 Al
Answer: A =147N,R=7.84N 7 marks
26 (6 marks)
(a) The stiffnesses 50 + 50 apply to springs side by side, which share the load E1
In series each spring carries the whole tension and the extensions add El
Answer: stiffnesses add only for springsin parallel 2 marks
(b) Each spring has extension Aé;g =0.098 m M1
Total extension = 0.196 m Al
Answer: 0.196 m 2 marks
(c) 3x0.098 M1
=0.294m Al
Answer: 0.294 m 2 marks
27 (10 marks)
@ S, T2=9.8N,sox2=%=0.1m M1 A1
SiT)=3x98=294N, 50X, = 2gre’> =06m M1
Lengths: S;isl.1mandS,is0.5m Al
Answer: S;: 1.1m, S,: 0.5m 4 marks
(b) Only S; actson P: 2a=29.4 — 2 x 9.8 M1
a= 4.9 m s 2 upwards Al
Answer: 4.9 m s~2 upwards 2 marks
_ _196%x05 _
(c)Tl—19.6N,sox—T—0.4m M1
Length=0.9m Al
Answer: 0.9 m 2 marks
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294 %04 49 x 0.5
(d)T,=294N, x, = —395 - 03mM T;=49N, x; = —;=—=10m M1
Total length=05+1.0+04+03=22m Al
Answer: 2.2 m 2 marks
28 (10 marks)
(a) Moments about A: Sx cosO =3 x9.8x0.5cosHO M1 A1
S=14.7 N, independent of 6 Al
Answer: thrust = 14.7 N for every 0 3 marks
(b) 14.7 = —Si'gx, sox=02m M1
Length=1.0m Al
Answer: 1.0 m 2 marks
(c) Height of B above the ground = 0.4 +sin® = 1.0 M1 Al
0 =36.9° Al
Answer: 0 = 36.9° 3 marks
(d) x % = 0.1 m, so the spring has length 1.1 m M1
04+sn0=11,s00=444° Al
Answer: O = 44.4° 2 marks
29 (10 marks)
. (23 _ A(EZa2+h2—a)
(@ Sprmglength—\/a +h%,s0T= a M1
. h
Verticaly: T x =m M1
o e T
15mg AL

( ———) =mg, With A = ——~
\/_

. 15mg

Answer: —g= X 5(1 - ﬁ) =mg 3 marks
(b) Spring length = 3,extenSIon 23 ,S0T= 15;3“9 x%:% M1 A1
. _ 5mg da  _
Vertical component = 7 X 33 - Mg Al
Answer: equilibrium at h = 4;,WhereT- STg 3 marks
(c) Ashincreases, bothhand 1 — %hz increase, so the vertical component of the tension El
a +
increases with h
It therefore equals mg for only one value of h El
Answer: the vertical component increases with h 2 marks
@R=Tx =93 M1
3
_ 3mg
R==~ Al
Answer : 3?9 2 marks
30 (10 marks)
(a) Natural lengths 0.25 m and 0.75 m B1
A part of the spring has the same tension at the same value of % so each part has modulus 40 N El
Answer: 0.25 m and 0.75 m, each with modulus 40 N 2 marks
40x,  40x,
(b) Equal tensions: 025 = 075 0 X2 = 3% M1
X;+X,=14—-10=04,50%;,=01mandx,=0.3m M1 A1
AP=035m, PB=105m, T="2"2% = 16N AL
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Answer: AP=035m,PB=105m, T =16 N 4 marks
- 40 _ S1gng A0 160

(c) Stiffnesses: 055 = 160 N m™" and 075 =3 Nm B1

160x, = ?(0.4 —Xy) +8 M1 A1

X, =0.1375, so AP =0.25+ 0.1375=0.388 m Al

Answer: AP =0.388 m 4 marks

Elastic Potential Ener gy

1 (2 marks)
_ A% 40x0.2?
EPE= 5 = Zx0s M1
=1J Al
Answer: 1J 2 marks
2 (2 marks)
2
Work done = EPE gained = % M1
=27 Al
Answer: 2J 2 marks
3 (2 marks)
o _20x0.1?
Compression = 0.1 m, EPE = S5x04 M1
=0.25J Al
Answer: 0.25J 2 marks
4 (2 marks)
_1ex?
1.44 = m M1
x?=0.09,s0x =0.3m Al
Answer: 0.3 m 2 marks
5 (2 marks)
2 2
EPEat 02m= 22222 =043 EPEa 04m= 2224 =167 M1
Work done=1.2J Al
Answer: 1.2J 2 marks
6 (3 marks)
_ Ax022
0.75= m M1 Al
_075%x16 _
A= W =30N Al
Answer: 30 N 3 marks
7 (4 marks)
2
Extension = 0.6 m, EPE = 29 2% =592 3 M1 AL
Energy: % x 0.5v2=0.5% 9.8 x 1.6 — 5.292 M1
v2=10192,sov=319ms* Al
Answer: 3.19 m st 4 marks
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8 (4 marks)
. _24x03? _
Initial EPE = W =18J
1 2 _
5 x 04v =18
v=3ms?
Answer: 3ms™?
9 (5 marks)
- _39.2x0.2% _
Initial EPE = W =1.568J
Work done against friction = 0.25 % 2 x 9.8 x 0.2 =0.98 J
2 X 2v2= 1568 — 0.98

v=0.767ms?t

Answer: 0.767 m s™!

10 (4 marks)
. ) _ 4mg x?
Let the greatest extension be x. Energy: mg(l + x) = o
2% = Ix—12=0,0(2x+NH(x—=1)=0
x=1
Answer: x =1

11 (4 marks)
Energy: 1 x 9.8(0.8 + x) =

25x> —x — 0.8=0
Xx=0.2m
Answer: 0.2 m

196x°
2x04

12 (5 marks)
Let the greatest extension be x. P moves a distance 0.5 + x down the plane

2
2% 9.8 5in30° X (05+X) = oo
8x°—2x—1=0
Xx=05m
Answer: 0.5 m

13 (5 marks)

49 x 0.2 _
2x05 - 196J

Work against friction =11 x 2 x 9.8 x 0.2 = 3.921

3.921p =196,s0p =05
Answer: m =05

Elastic energy lost =

14 (5 marks)

(a) When the extension is s, thetension is T = ?

Work done = ‘L’x% ds

_AS? . AX?
=l5rle =5
2
Answer: work done = %
_Ab?  Aa® _ A(b? — @)
(b) Work done = e
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_30(0.81 — 0.09)

3 =723 Al

Answer: 7.2 J 2 marks

15 (4 marks)
. _ . B . _ _20x03% | 20x0.7?
Initially AP = 0.8 (extension 0.3 m) and BP = 1.2 (extension 0.7 m): EPE = >x05 T 2x05 M1 Al
=116J
— . ] 20 x 0.5

At the midpoint both extensions are 0.5 m: EPE = 2 x %05 - 10J M1

2 x08/2=116 - 10=16,0v=2ms" AL

Answer: 2m st 4 marks
16 (6 marks)

2

Compression = 0.1 m, EPE = % =049 M1 Al

2 x02/2=049 — 02x 9.8 0.1 M1

v=171ms™ Al

2

After leaving the spring: % x0.2v>=0.2x%9.8h,soh= \2'—9 =0.15m M1 A1

Answer: v=171ms™% h=015m 6 marks
17 (6 marks)

_AX A2 1 Ax

(a)T—l—,soT—§><|—><x M1

_1

= 5Tx Al

Answer: elastic potential energy = %Tx 2 marks

() T=3x98=204N,x= 20 1% =06m M1

EPE =2 x 20.4x 0.6 =882 AL

Answer: 8.82J 2 marks

(c) PElost=29.4x0.6=17.64J B1

The tension increases from 0 to 29.4 N, while the weight is constant; the extra energy is the work El

done by the force which lowers the particle gently (or becomes kinetic energy if the particleis

rel eased)

Answer: 17.64 J 2 marks
18 (3 marks)

The student has used the length 1.5 m in place of the extension E1l

x=15-12=03m M1

_36x0.3? _

EPE = ox12 1.35J Al

Answer: 1.35J 3 marks
19 (10 marks)

2

(a) Elastic energy initialy = % =441 M1 A1

2 x2x V=441~ 2x98x05x 0.3= 147 M1 AL

v=121ms Al

Answer: 1.21 ms™! 5 marks

(b) Greatest speed when the acceleration is zero: 2 x 9.8 x 0.5 = %, sox=0.1m M1 Al
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% x 2 x v?=49(0.32 — 0.1%) — 9.8x 0.2=1.96 M1 AL

v=14ms™ Al

Answer: 1.4ms™? 5 marks
20 (7 marks)

1 ,  Ax0.3?

(a) Energy: 5 x04x6°= 5x05 M1 Al

7.2=0.09A,s0A =80 N Al

Answer: A =80 N 3 marks

. . 80 x 0.1?

(b) Elastic energy when the extensionis0.1 m = S5x05 - 0.8J M1 Al

2 x04xV2=72-08 %0v?=32andv=566ms" M1 AL

Answer: 566 m s™! 4 marks
21 (9 marks)

2

(a) Energy: 0.5x% 9.8(1.2 + X) = % M1 Al

5x> —x—12=0 M1

Xx=0.6m Al

Answer: 0.6 m 4 marks

(0) T= 28200 _ 294 M1

0.5a=29.4 — 0.5 x 9.8, so a= 49 m s~? upwards Al

Answer: 49 m s™2 upwards 2 marks

(c) Greatest speed at equilibrium: 0.5 x 9.8 = %, sox=0.1m M1

1 2 _ 58.8 x 0.1°

§><0.5V _OSXQSX13_W M1

v=495ms Al

Answer: 495m s™! 3 marks
22 (9 marks)

. _100x0.3% _

(@) Initial EPE—W—QJ M1 Al

Friction F=0.25x2x98x 0.8=392N M1

I X2V2=9-2x98x06x03—392x03 M1

v=207ms Al

Answer: 207 m st 5 marks

(b) Deceleration: 2a=2x 9.8 x 0.6 + 3.92, soa=7.84 ms™2 M1 AL

V2 429 _

S—Z—a—m—o.274m Al

Answer: 0.274 m 3 marks

(c) Component of weight down the plane = 11.76 N exceeds the maximum friction 3.92 N El

Answer: 11.76 N > 3.92 N, so P slides back 1 mark
23 (7 marks)

2

(a) Equilibrium: 0.5x 9.8 = 19'16X, so x =0.25 m; EPE = % =0.6125J M1 Al

At the natural length: 5 x 0.5v% = 5 x 05 x 47 + 06125 — 05 x 9.8 x 0.25 M1

v? = 13,55 > 0, so the string becomes slack, with v = 3.68 ms™* Al

Answer: v=3.68ms™! 4 marks

b) After the string is slack: h = &= = 2335 _ g 601

(b) After the string is slack: =25~ 196 - 0 m M1 A1
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Height above equilibrium = 0.25 + 0.691 = 0.941 m Al
Answer: 0.941 m 3 marks
24 (9 marks)
-, 39.2 x 0.3?
(a) Initial EPE = T5%x05 =3.528J Bl
Friction F= 0.2 x 2 x 9.8 = 3.92 N: 3.528 = 39.2y? + 3.92(0.3 +y) M1 A1
y2+ 0.1y — 0.06 =0, soy = 0.2 m (compression); length 0.3 m Al
Answer: 0.3 m 4 marks
(b) 39.2 x 0.2% = 39.27° + 3.92(0.2 + 2) M1
z2+01z—-002=0,s0z=0.1 M1 A1
Answer: z=0.1m 3 marks
(c) From an extension of 0.1 m: EPE = 0.392 J = 3.92 x 0.1, so the block just reaches the natural El
length position with zero speed
Total distance=03+02+02+0.1+01=09m Al
Answer: 0.9 m 2 marks
25 (8 marks)
19.6 x 0.5 19.6 x 0.8
(a)T=2><9.8:19.6N,xAB:T:0.2m,xBC:W:O.2m M1 A1l
_49x02%  784x02% _ _
EPE = >%x05 T "oxo08 - 1.96+1.96=392J M1 A1
Answer: 3.92J 4 marks
b) With tension T the extensi T each (iff 49 - 784 _9gNm), s0x= o
(b) With tension the extensions are 55 eac (ti nesses o= = 55 = m ),sox—E M1 A1
EPE = 5TX = 5 x 49X X X = 24.5¢° M1
2x9.8x=245x% sox=0.8m Al
Answer: 0.8 m 4 marks
26 (10 marks)
(a) cos a = 0.8, so friction = x 3g x 0.8 = 23.52pn B1
. B . 882x04% _
Elastic energy at AP =1.0 m: %06 - 11.76 J M1 Al
Energy: 3g x 0.6 x 1.0 — 23.52p x 1.0 = 11.76 M1 Al
17.64 — 23.52p = 11.76, so pu = 0.25 Al
Answer: p =0.25 6 marks
(b) Tension = % =58.8 N up the plane M1 A1
Weight component down the plane = 17.64 N, maximum friction = 5.88 N, and 17.64 + 5.88 = M1
2352 N <58.8N
The tension exceeds the greatest force that can hold P, so P moves back up the plane Al
Answer: P moves up the plane 4 marks
27 (10 marks)
(a) AP=2asin %,andAP=awhensin%=%,soe=60° M1 AL
Energy: %mv2 = mga(l — cos 60°), sov = yga AL
Answer: v = @ 3 marks
(b) At the lowest point AP = 2a, so the extension is a B1
3mga® _ 3
EPE = 2% = 5Mmga M1
%mv2=mg><2a—gmga,sov=@ AL
Answer: v =+ga 3 marks
(c)cosO=1-— Zsinzg = —%, so the drop in height is a(1 + %) = 9—;‘ M1 AL
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_3a .. a _3mg _ a® _ 3mga
AP—7,sotheextenson|s§andEPE_ﬁxz_ 5

1 >_9mga  3mga _ |3ga
SMv" = —3 g 1OV

Answer: v=1/%

28 (10 marks)
(a) Initial EPE =

147 x 0.3°

Weight component = 1.5 x 9.8 x 0.6 =8.82 N, friction=05x 1.5x 9.8 x 0.8 =5.88 N

2 X 15v=11.025 — (8.82 +5.88) x 03

v=297ms?

Answer: 297 m s~

(b) Deceleration: 1.5a=8.82 + 5.88, soa= 9.8 ms™?
V2882 _

S= 2—a = m =045m

Answer: 0.45 m

1

(c) Component of weight down the plane 8.82 N is greater than the maximum friction 5.88 N

50 the block dlides back down
Answer: 882N >5.88N

29 (10 marks)
(a) Energy: 70 x 9.8(30 + x) =

2x2 — B5x — 150=0
x=10m
Answer: 10 m

16 464x°
2x 30

(b) Greatest speed at equilibrium: 70 x 9.8= 2% gy =125m

16 464 x 1.257

1 5 _ _
5><70v =70x9.8x31.25 5% 30
v=245ms?

Answer: 245m s™!

16 464 x 10
30

70a = 5488 — 686, s0 a= 68.6 m s™2 = 7g upwards
Answer: 68.6 m s~2 (7g) upwards

(c) At the lowest point T = =5488 N

30 (11 marks)
(a) At 0.8 m below AB each string has length 0.6 + 0.8° = 1.0 m, extension 0.4 m
_ 14.7 x 0.4% _
EPE =2 x T5x06 =3.92J

PE lost = 0.5 x 9.8 x 0.8 = 3.92 J, s0 the speed is zero
Answer: lowest point 0.8 m below AB (EPE 3.92 J = PE lost)
(b) T = 14.7 x 0.4 98N

0.6
05a=2x98x 30 — 05x 98

a=21.56 m s~2 upwards
Answer: 21.56 m s™2 upwards

(c) Each string has length 4/0.6% + 0.45% = 0.75 m, extension 0.15 m

14.7 x 0.15?

1 5 3
§X0.5V =0.5%x9.8x0.45 2x—2><0.6

v=257ms!
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1

Answer: 257 m s” 3 marks
Motion Involving Elastic Forces
1 (3 marks)
d’ _ 10 B 3
F——WX——].OOX,S)U)—:LO M1 Al
Period = 2 = 06285 Al
Answer: 0.628 s 3 marks
2 (3 marks)
() w = 3, period = %H =209s B1
Answer: 2.09 s 1 mark
(b) Vi = WA =3x04=12ms™? B1
Answer: 1.2ms™?! 1 mark
(C) By = WA =9x04=36ms? B1
Answer: 3.6 ms™2 1 mark
3 (2 marks)
vZ = w3A? — x?) = 16(0.25 — 0.09) M1
v=16ms? Al
Answer: 1.6 ms™! 2 marks
4 (2 marks)
2_ k _ 200 _ -

-m-o_5—400,sow—20 M1
Period = 20 = 0.314 s A1
Answer: 0.314 s 2 marks

5 (3 marks)
_ Ae . A _ g 2 98 _
Mg = -~ gIVes . =5, SO W _m_loo M1 Al
Period = 20 = 0,628's AL
Answer: 0.628 s 3 marks
6 (5 marks)
(a)v:%:—l.ZSinm M1
Maximum speed = 1.2 ms™* Al
Answer: 1.2ms™?! 2 marks
(b) a= % = —4.8 cos 4t, so the maximum acceleration is 4.8 m s™2 M1 A1
Maximum force=0.5%x 4.8=24N Al
Answer: 48ms~2 24N 3 marks
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7 (4 marks)
A Ae
Equilibrium: mg = — B1
At displacement y below equilibrium: mzt—z =mg — A(e|+ Y) M1 A1
2
= —g, S0 % = —%y: SHM with w = \/% Al
Answer: SHM with w = \’% 4 marks
8 (3 marks)
o_ A _ 30 _
W°= 1y = 04x06 - 120 M1
Vi = WA =1/125 x 0.3=3.35ms™? Al
Ay = WA =125%0.3=375ms™? Al
Answer: 3.35ms™%; 37.5m s™? 3 marks
9 (6 marks)
(8) Let AP=y: T, = 20209 - gy — 05), T, = FE "W — 6015 - y) M1 A1
Tao=Tg:y=11m Al
Answer: AP=11m 3 marks
2
(b) o.sd—’z‘ = 60(0.4 — X) — 40(0.6 + X) M1 AL
d> _ _
P —200x, so w = 4200 and the period is = W =0444 s Al
Answer: SHM, period 0.444 s 3 marks
10 (4 marks)
_dx _ .
V=gt = —2sin 5t M1 A1
28n5t=1 5= ¢ M1
t=0.105s Al
Answer: 0.105 s 4 marks
11 (5 marks)
Equilibrium extension e = w =01m M1 Al
The amplitude 0.05 m is less than e, so the string never goes slack El
_ , 294 _ _ 1
=105%x06 — 9.90, Vi = WA =0.495m s M1 Al
Answer: taut since 0.05< 0.1; 0.495 m s™* 5 marks
12 (5 marks)
0.8 d2X _ _& 2 _
a2~ 06’ P Y ~58%x06 ML AL
_om A 2
W=g5 =4n 30048—16n M1 A1
A=7680°=758N Al
Answer: A =75.8N 5 marks
13 (7 marks)
(@ x=0.2sn 211'12t M1 AL
sin 221 = 06,50 2 = 06435 and t = 0.123 s M1 AL
Answer: 0.123 s 4 marks
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(b) Speed = A — x? = 20 x 0,16 = 0.838 m 5" M1 AL
Time=2x0.123=0.246 s Al
Answer: 0.838 ms™%; 0.246 s 3 marks
14 (5 marks)
R 29.4e
(a) Equilibrium: 0.5x 9.8 = 3 soe= 02m M1 A1
The particle starts at rest 0.2 m above equilibrium, so the amplitude is 0.2 m and the greatest Al
extensionis0.2+0.2=04m
Answer: e = 0.2 m; amplitude 0.2 m; greatest extension 0.4 m 3 marks
_29.4x?
(b)05X98xX—m M1
49x =12.25x%, s0x = 0.4 m Al
Answer: x=04m 2 marks

15 (5 marks)

(a)e:%:a% m, and wzz%:%.z M1 A1
The particle starts at the top of the motion, sot = % =0.251s Al
Answer: 0.251 s 3 marks
(b) Displacement below equilibriumy = 0.125 = —0.25 cos wt, so cos wt = —% M1
wt=2,1=0335s AL
Answer: 0.335s 2 marks
16 (6 marks)
(@) v2 = %(A2 - x?) M1
= w?(A%2 — x?) Al
Answer: v2 = w%(A? = x?) with w? = % 2 marks
(b) v2 = 100(0.09 — 0.04) =5, sov=224ms ! M1 AL
2.25=100(0.09 — x?), so x* = 0.0675 and x = 0.260 m M1 AL
Answer: 224 m s % 0.260 m 4 marks
17 (6 marks)
(8) Thrust = 15 x 9.8= 147N = 5%, s0x =0.245m M1
Length = 0.255 m Al
Answer: 0.255m 2 marks
(b) At displacement y below equilibrium: 1.53—2 =15%x98 — w M1
= —60y, so w? = 40 and theperiodis% =0.993s Al
Answer: SHM, period 0.993 s 2 marks
(€) Vinax = WA =440 x 0.1 M1
=0632ms* Al

1

Answer: 0.632m s~ 2 marks
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18 (5 marks)
Equilibrium: 2g sin 30° = 5% B1
2
At displacement y down the plane: 2% =2gsn30° — 49(8 ; ) M1
_ d?y _ .
= —70y, so proi —35y: SHM Al
w =35, period % M1
=1.06s Al
Answer: SHM; period 1.06 s 5 marks
19 (3 marks)
The motion is simple harmonic with w? = % = %, which does not depend on the amplitude El
> 98 _ _
w—@—49,sooo—7 M1
Period = 27H =0.898 sin both cases (the larger amplitude means a larger maximum speed) Al
Answer: period 0.898 sin both cases 3 marks
20 (8 marks)
(a) A alone: 0.5g = 2g—'g'e,soezo.lm M1 A1
A and B: 1.09=%,soe=0.2m Al
Answer: 0.1 m; 0.2m 3 marks
(b) New equilibrium is 0.1 m below the release point, so the amplitude is 0.1 m B1
2
1.0 % =1.0g — % = —49x, where x is the displacement below the new equilibrium, M1 Al
so the motion is SHM with w =7
Period = 2% = 0.898's AL
Greatest speed = WA =7%x0.1=07ms™ ! Al
Answer: amplitude 0.1 m; period 0.898 s; greatest speed 0.7 m s™* 5 marks
21 (11 marks)
(@) v2=2x98x03=5.88 M1
v=242ms? Al
Answer: 2.42m st 2 marks
0.5%x9.8x0.8 19.6
(b)e=T=0.2m,w2=m=49,sow=7 M1 Al
A?=022+ 2% 2016, 0A=04m M1 AL
Answer: e=02m; A=04m 4 marks
(c)02+04=06m B1
Answer: 0.6 m 1 mark
(d) Freefall: t, = | 22 02 = 0247 s M1
SHM from 0.2 m above equilibrium to 0.4 m below: y = 0.4 sin 6, 6 from —% to % sot, = M1 A1
n
3IxT - 0.299 s
Total time = 0.547 s Al
Answer: 0.547 s 4 marks
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22 (8 marks)
(@) Friction F=0.2 x 2 x 9.8 = 3.92 N, opposing the motion (away from O) B1
d> _ 39.2x
F = =705 +3.92 M1
d> _
o —39.2x + 1.96 = —39.2(x — 0.05) Al
2
Answer: % = —39.2(x — 0.05): SHM about x = 0.05 3 marks
(b) Amplitude 0.3 — 0.05 = 0.25 m, so the block comestorest at x = 0.05 — 0.25=—0.2 m M1 Al
(compression 0.2 m)
= E = —H =
t=3 352 0.502 s Al
Answer: compression 0.2 m after 0.502 s 3 marks
(C) Vimax = WA =1/39.2 x 0.25 M1
=157ms™* Al
Answer: 1.57 m s™* 2 marks
23 (7 marks)
(a) Let thetensions in equilibriumbe T, and Tg, s0 T, = Tg + 1.59 B1
After a downward displacement y: tension in APis T, + 80y and in PB is Tz — 60y M1
2
1.5% = 1.5g + (Tg — 60y) — (T, + 80y) = —140y M1 AL
, _ 140 N
w —E,soperlod—ﬁ—o.6503 Al
Answer: SHM, period 0.650 s 5 marks
(b) Vi = WA = \fllig x 0.05 M1
=0483ms™ ! Al
Answer: 0483 m st 2 marks
24 (6 marks)
. _2m . »_ k 5 _ 4m’m
PerlodT—wW|thu) —m,soT = B1
2 2
0.4% = 4nkm and 0.5% = w M1
2
Subtract: 0.25 — 0.16 = X4 M1
k=439Nm™ Al
_ kT? _ 439%0.16 "
T an? T 4m?
m = 0.178 kg Al
Answer: k =43.9Nm™, m =0.178 kg 6 marks
25 (7 marks)
_ 2e A _ g
(@mg=—=,%0 =2 M1
The motion is SHM with w? = = = 9 Al
m e
_an _ e
T=44= ZH\/g Al
Answer: T = ZHE 3 marks
_gT? _98x081
(b)e= am? 4P M1
=0.201 m Al
Answer: 0.201 m 2 marks
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mgl _ 04x98x05

©A=" =001 M1

=9.75N Al

Answer: 9.75N 2 marks
26 (10 marks)

(a) Tension in the string = 0.5g = 4.9 N, which eguals the spring tension M1

_ 49 _
4.9—E,soe—0.05m Al
Answer: 0.05m 2 marks
2
(b) For the system: (1.5 + 0.5)% =0.5g — % M1 Al
2

= —098x, s0 % = —49x, which is SHM with w =7 M1 A1

Period = 2% = 0.898's AL

Answer: period 0.898 s 5 marks

(¢) Q has adownward acceleration of at most g when its string is taut (T = 0): w?A < g M1 A1

49A = 9.8, so the greatest amplitude is 0.2 m Al

Answer: 0.2 m 3 marks
27 (9 marks)

(2 BP=0.1 m<0.5m, so BPisdack B1

While AP is taut: w? = % = 80, amplitude 0.2 m M1

V=wA =80 x02=179ms™* Al

Answer: slack; 1.79 m s™* 3 marks

(b) Both are slack for AP between 0.3 m and 0.5 m, adistance of 0.2 m M1

02 _

t= 1789 ~ 0.112 s Al

Answer: 0.112 s 2 marks

(c) By symmetry, the string BP is taut for AP < 0.3 m, with the same w and amplitude B1

Time taut: a quarter period for each of the two ends, plus a half period at the BP end: in total %H M1

21
== =0702s
/80

Total =0.702 + 2% 0.112=0.926 s M1 A1l

Answer: 0.926 s 4 marks
28 (8 marks)

(a8 Tension T = 3(%6 = 60e acts on each particle towards the other B1

. T T d%
Accelerations: a, = > towards B, ag = 3 towards A, so e —(an + ag) M1
1 1
= —606(5 + §) = —50e Al
. d% _ :
Answer . o —50e: SHM 3 marks
(b) w =50 M1
iod= 2L _

Period = 750 =0.889s Al

Answer: 0.889 s 2 marks

(c) Greatest relative speed = wA =4/50 x 0.2 = 1.4l ms™ M1

Momentum is conserved, so 2v, = 3vg withv, +vg =141 M1

Va=0849ms ™t vg=0566mst Al

Answer: A: 0.849m s™; B: 0.566 m s™* 3 marks
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29 (9 marks)
40 x 0.1
(a) Each half has natural length 0.5 m and length 0.6 m: T, = 05 M1
=8N Al
Answer: 8 N 2 marks
(b) Each half has length \/0.36 +y? = 0.6, so the tension is approximately T, = 8 N M1
Transverse component of each tension = 8 x 0y6 M1 Al
d’y y dy _ 320
OZSW’V 2x8xﬁ,SOF~—Ty Al
= \{T’ period = 0.608 s Al
Answer: approximate SHM, period 0.608 s 5 marks
(c) Approximate: 2 x 8 x —— 005 =1.33N M1
Exact: length 0.602 m, T = 80(0.602 — 0.5), force = 2T x o™ = 1.36 N AL
Answer: approximate 1.33 N; exact 1.36 N 2 marks
30 (11 marks)
100 _
(a) Stiffnessk = 5= =200 N m B1
2
At displacement y below equilibrium: 2(;? = —200y, so w? = 100 M1
.o, 2t _u
Period = O -5S Al
Answer: period % S 3 marks
(b) At the lowest point: R — 0.5g = 0.5w?A, so R = 0.5(9.8 + 100 x 0.06) = 7.9 N M1 Al
At the highest point: R=0.5(9.8 — 6) = 19N Al
Answer: greatest 7.9 N; least 1.9 N 3 marks
(c) R = 0 at the highest point: 0.5(g — w?A) = 0 M1
9.8 _
A< 100 ~ 0.098 m Al
Answer: 0.098 m 2 marks
(d) The block leaves when the acceleration is g downwards, i.e. at 0.098 m above equilibrium M1
v? = 100(0.15% — 0.098%) = 1.29 M1
2

Further rise = 5~ = 0.0658 m Al
Answer: 0.0658 m 3 marks
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