Mark Scheme

Q1.

Q2.

Q3.

uestion
Q_ Answer Mark
Number
. 1
D is the correct answer
A 1s mcorrect because the addition of vector forces on an object
equilibrum = 0
B 1s incorrect because the addition of vector forces on an object in
equilibrivm = 0
C 1s mcorrect because the addition of vector forces on an object in
equilibrum = 0
AT Answer Mark
Number
C 1s the correct answer 1
A & B are incorrect because the vectors have not been added
D is incorrect because the resultant 1s in the wrong direction
Question | Answer Mark
Number
D is the correct answer (1)

A 1s not the correct answer as R has the wrong direction
B is not the correct answer as R has the wrong direction
C 15 not the correct answer as R 15 along the wrong diagonal




Q4.

Q5.

Q6.

Q7.

G
Ques 1on Answer Mark
Number
The only correct answer is B ( - ) 1
- 2s5in 8
A is not correct because W = 2 s5in 8 X tension
C 1s not correct because I cos € 1s the horizontal component of tension T
D 1s not correct because I cos & 1s the honizontal component of tension T
G
Q.ues on Answer Mark
Number
The only correct answer is C (F,cos(31°) + Fgcos(27°)) 1
A is not correct because sin (31%) gives a component perpendicular to the
forwards direction
B 1s not correct because sin(27%)and sin (31°) give compoenents perpendicular to
the forwards direction
D is not correct because sin (27%) gives a component perpendicular to the
forwards direction
Question | Answer Mark
Number
C is the correct answer (1)

A 1s mcorrect because R 1s in the wrong direction
B 15 incorrect because R 1s the wrong diagonal
D 15 mncorrect because R 15 the wrong diagonal




Question -
Number Answer Mark
Correct vector triangle with arrows 1n correct directions. 1)
Resultant force = 2600 (N)
(allow an answer between 2550 and 2650 N) (1) 2
Example
1200 N
¥ 2300 N
Resultant
force
Total for question 2
Q8.
uestion
Q_ Answer Mark
Number
The only correct answeris B ( W + Fl + T_z =0) 1

A 1s not correct because the vector sum of Ty 4+ T'; 1s in the opposite direction to
5

C iz not correct because T should not be subtracted from T

D 1s not correct because T, should not be subtracted from T,

Q9.




Question | Answer Mark
Number
@ * Useof AF = kAx O
* k=19 (Necm™) 1 P
Example of calculation:
k=15N+8cm=1875Ncm’
(b) o Useofw=mg )
* Use of force triangle and Pythagoras to find F
Or Fresolved into components )
* Use of tngonometry to find &. 1
o Useofidx = il 1
i Y]
o  Ax =154 cm (ect from (a). "show that" value gives 5.0 cm) (n
o 8=32°(ecf from (a)) (n 6
Example of calculation:
B=tan(0.55kg x 981 Nkg' =85 N) =324°
Ax=4((0.55 %981 +85) ~188=53Tcm
Total for question 8

Q10.




Question

Answer Mark
Number
@ _ | —
Two arrowed lines for 70 N and 24 N with correct onentation )
[use template for angle]
Lines labelled with name/force/scaled length 1)
Tension dravwn in correcily 1.e. correct vector diagram with correct direction )
Answer in tange 552N m 4
[Cortrect answer from trigonometry scores MP4 only]
Example of calculation
SCALE
IN: 1 mm
,/
/ //
(55 mm) /
.-'____.--'"' /
.J",H'
- 70 mm
24 mm l
® —
Measure angle of string to vertical )
Using a protractor (0]
Calculate weight of mass holder and masses using 7=mg 1)
Vertical component of Tis equal to ™ )
Vertical component 1s T cos £, so T can be calculated ) 5
Total for question 9
Qll.

Question | Answer
Number

Mark

B is the correct answer

a little less to the nght.
original velocity.

left and of a lesser magnitude.

A 1s not the correct answer as the magnitude of the final velocity would be greater and
C 15 not the correct answer as the final velocity would be greater and to the left of the

D 1s not the correct answer as the final velocity would be similar to C. but more to the

(1)

Q1l12.




Question
Number

Answer

Mark

(a)

Vertical component of tension = T cos 76°
Use of 650 N =2 = vertical component of tension
T=1.34=10° (N)

Example of calculation
650N =2 Tcos 76°

I=%=x030N+cos76°=1343 N

(1
(1)
(1)

(b))

Use of sin76° or cos 14° to find new length of cord
Useofe=Ax=x
£=10.03 or 3%

Example of calculation
(x+Ax)+2=60m~sin 76°=61.8m
Ax=(618%2)m—1200m=37m
e=37m=+120m= 0.031

(1)
(1
(1)

(b)(ii)

Use of o = F + 4 with F = tension from (a)
Useof E=g+¢

E =14 % 10°Pa (ecf from (a) and (b)(1))
Example of calculation

=134 % 10° N+314 x 10 m’ = 428 MPa
E=428<10°Pa+0031=138 x 10°Pa

(1)
(1
(1)

Total for question

Q13.




Question -
Number Answer Mark
(a) Upwards arrow labelled upthrust or L7
and downwards arrow labelled weight / 77/ mg (1)
Arrows of equal length (1) 2
(b)(i) Any two from
*  The upthrust 1s equal to the weight of water displaced
The upthrust equals the weight of the hydrometer
Or The upthrust 1s the same (in both types of water)
* The weight of displaced water equals the weight of the hydrometer
Or The weight of displaced water is the same in both types of water ~ (2)
(So) a smaller volume of seawater needs to be displaced (because seawater
has a greater density) (1) 3
(b)}ii) | Useof W =mg (1)
Useof p = % to calculate volume of displaced water 1)
Use of V'= wr?l @
Subtracts position in seawater from position in pure water @
Change in vertical position = 8 mm @ &
Example of calculation
0.324 N
Mass of hydrometer = ———— = 0.033 kg
9.81 Nkg*
Volume of pure water displaced = Lﬁ% =331 x107°m?
997 kg m—3
. 4%3.31x10° m®
Depth of hydrometer in pure water = e 0.2786m
. . _ 0.033kg s
Volume of seawater displaced = Tozskgm— = 3.22x107° m?
- -5 =
Depth of hydrometer in seawater = w =0.2710m
mx(123x1073)2
AL =0.2786m—0.2710m = 0.0076 m
Total for question 10
Q14.

Question| Answer
Number

Mark

A is the correct answer

B is incorrect because N is in the wrong direction

Cis incorrect because the wrong diagonal has been used
D is incorrect because the wrong diagonal has been used




Q15.

Question

- Answer Mark
Numbher
(a) Straight arrow at least 3.5 cm long representing honizontal force, with label
F, horizontal force or 70N (1)
Vector tnangle drawn with at least two sides in the tnangle labelled, and
honizontal force on the longest side. 1)
All three arrows 1n correct relative directions (dependent on MP2) (1)
Magnitude = 36 N (allow an answer in the range 34 N to 38 N) 1)
Angle to horizontal = 30° Or 150° (allow a tolerance of + 2%) 1) 5

Example diagram

Horizontal fc:f_ce. F=T0N
T,

Drag. D=43 N Resultant force




Question

Number Answer Mark
* (h) This question assesses a student’s ability to show a coherent and logically
structured answer with linkages and fully-sustained reasoning. Marks are
awarded for mdicative content and for how the answer 1s structured and shows
lines of reasoning. The following table shows how the marks should be awarded
for indicative content.
IC points IC mark Max linkage mark Max final mark
The
] 4 2 ]
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 0
following table shows how the marks should be awarded for structure and lines
of reasoning.
Number of marks awarded for
structure of answer and
sustained line of reasoning
Answer shows a coherent and logical )
structure with linkages and fully sustained -
lines of reasoming demonstrated throughout
Answer 1s partially structured with some 1
linkages and lines of reasoning
Answer has no linkages between points and 0
15 unstructured
Indicative content
IC1 the resultant force on the submarine is zero
IC2 So tension = weight — upthrust
IC3  As the submarine leaves the water. the volume / mass / weight of water
displaced decreases
IC4 So the upthrust on the submanne decreases
IC5 and the tension in the cable increases
IC6 When the submanne 1s out of the water the tension 1n the cable 1s equal
{in magmtude) to the weight of the submarine 6
Total for question 18 11

Qle6.




Question
Number

Answer

Additional Guidance

Triangle of correct
shape drawn, with at
least two sides
labelled

Vector triangle drawn
with at least two sides
labelled and arrows in
correct directions

Magnitude of resultant
force =380 N
(allow 370 N to 390 N)

Angle of resultant
force from north = 68°
(allow 66°% — 70%)

1)

(1)

(1)

Example diapram

Force of wind
350N

L

Force of water
410N

Resultant force
380N

Total for question

Q17.

Q18.

Question | Answer
Number

Mark

B is the correct answer

Thus 15 because the horizontal component 1s calculated using the

equation vy = ‘-JII?JZ_EI":? =052 —032=04

4y




Question | Answer Mark
Number
The only correct answer is B (1)
final displacement
20 km
12 km
A is not the correct answer as the length and direction of the line are incorrect
C is not the correct answer as the length and direction of the line are incorrect
B is not the correct answer as the length and direction of the line are incorrect
Q19.
Question Answer Additional Guidance Mark
Number
Straight arrows representing Do not allow more than three arrows for
forward force (F), weight (7 MP1
or mg) and normal contact )
force (W), in correct directions
with labels, all starting from
dot
Length of weight arrow and (1) | Allow a tolerance of one small square.
length of normal contact force
arrows equal, and twice length
of forward force arrow Example of diagram
t. Normal contact force 15 000 N
#—> Forward force 7500 N
2
W Weight 15000 N
Total for question 2




Q20.

Q21.

Q22.

Question
Number

Answer

Mark

The only correct answer is C (90 — 49 — (5 X 4))

A 15 not correct because this gives the resultant force
B 1s not correct because the resultant force is not zero
D 15 not correct because this assumes that the object is accelerating downwards

Question
Number

Answer

Mark

()

Force from truck to the left [accept 1.2 = 10° ()]

Alr resistance to the left [accept 3.0 = 10* (N)][do not accept “viscous drag’]
Force from rails to the right [accept 1.5 = 107 (N)]

[withhold one mark if more forces than three][if magnitudes used 1gnore names
of forces]

Total length of arrows towards the left equals length of arrow to the night [to
within 2 mm using measurning tool][dependent on any three honizontal forces,
do not check unless lengths look close by eye]

normal reaction force

force from truck force from rails
] - 03

. .
amr resistance

weight

ey
1)
1)

(1)

(b)

A Newton's third law pair of forces
* Forces of equal magmtude that act in opposite directions [do not accept
“equal and opposite reaction” |[accept act for equal times]
* Same type of force
* (Acting on) different bodies

These two forces both act on the engine [accept “on the same body ™)
One force 1s gravitational [do not accept “weight Jand the other 1s a contact
force

1

1)
1)

1)
1)

Total for guestion




Question Mark
A_ﬂ. n
Number et
(@)
The forces act on the same object. (1)
They are different types of force. (1) 2
(b) _ .
Downward arrow labelled magnetic force (from disc)
Or Downward arrow labelled F. (1)
Upward arrow labelled (normal) reaction / contact / & / ¥/ and arrow length
approximately equal to F+ 7. | 2
I
I
W
Total for question 4
Q23.
Question | Answer Mark
Number
C is the correct answer (1)
This 15 because W, should have been drawn in the centre of the cube.
Q24.
uestion
Q Answer Mark
Number
1

The only correct answer is D (1;' (202 + 352))

A 15 not correct because the forces are not m the same direction

B 15 not correct because the forces should each be squared before square
rooting the sum of the squares

C 1s not correct because the sum has not been square rooted




Q25.

Question

Number

Answer

Mark

(a)(@)

Equates honzontal component with force from current
F =480 (NN)
Example calculation

Fsin33°=260N
F=260N=sn33°=477TN

(1

(1

(a)()

Resolves vertical component of F
Equates vertical forces

Weight of buoy = 2500 N (ecf from (a)(1))
Example calculation

477 Ncos 33° =400 N

400 N + Weight of buoy =29 » 10° N
Weight of buoy = 2900 N — 400 N = 2500 N

(1
(D

(D

(b)

EITHER

Honzontal component of F increases (to maimntain equilibrium)

and

Vertical component of F remains the same (because vertical forces do not
change. upthrust and weight are constant)

F* = Fy* + F# so F increases [dependent on MP1]
tan 8 = Fy/F, so 6 increases [dependent on MP1]

OR

Honzontal component of F increases (to mamntain equilibrium)

and

Vertical component of F remains the same {(because vertical forces do not
change. upthrust and weight are constant)

F* = Fy* + F.* so F increases [dependent on MP1]
Or
tan & = Fu/Fy so @ increases [dependent on MP1]

F cos 815 constant so increase in etther F or & implies an increase in the
other [dependent on MP2]

(D

D
oY)

(D

oy
oy

Total for gquestion




Q26.

Question _ o )
Number Answer Mark
(a) Arrow to the left and upwards labelled force from wire / harness (1)
Arrow vertically downwards labelled weight / W / mg (1)
Arrow to right (and slightly upward) labelled (viscous) drag /D or
labelled air resistance (1) 3
Example diagram
force from wire
awr resistance
7
b
weight
(b)(i) | Appropriate trigonometry used (1)
742 (N) (1) 2

Example of calculation
R=2x1200N xcos (72°)=T41.6 N




(b)(ii)

Straight line at least 8 cm long representing force from wire (800 N),
with label

Vector triangle drawn with at least two sides labelled, and resultant
force on shortest side

All 3 arrows in correct relative directions (dependent on MP2)
Resultant force = 400 N (Range from 390 to 410 )

Example diagram

force from cable 742 N

force from wire 800 N

(1)

(1)
(1)
(1)

W
resultant force
(c) (most) Egrav transferred to Fy. and mass 1s in both equations (1)
(So final) speed does not depend on mass of person
Or
(So final) speed only depends on change 1n height
Or
(So final) speed =,/ 2gAh (and g is constant) (1
(1) 3

(assuming) work done against resistive forces is negligible

Total for question

12
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