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INSTRUCTOR: Apichart Linhananta
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This exam book has 5 pages including an equation sheet on page 5. All
works must be done on this exam paper. Only one non-programmable

calculator is allowed.
PART I: MULTIPLE CHOICE QUESTIONS (question 1 to 4)
For each question circle the correct answer (a,b,c,d or e).

H H t
1. (2.5 points) For the vector A=(! 25m)i +(45m)j , the angle measured (in degrees)

counterclockwise from the x-axis to vector A is closest to:
a)209 b)29 c¢)61 d)119 e)151

A, <0, Ay >0 must be in second quadrant, |'# <0 <$%

Ao e<135

Answer d, should verify!

2. (2.5 points) The vectors a, b and ¢are related by ¢ =d—b . Which diagram below
illustrates this relationship?

a)l b)Il ¢)II d)IV e)None ofthese ANSWER: Cor IILb+¢=d

@ g Fog r'g

I II I1I IV

3. (2.5 points) A cat runs in a straight line (the x-axis) from point A to point B to point C, as
shown below. The distance between point A and C is 5.00m, between point B and C is
10.0m, and the positive direction of the x-axis points to the right. The time to run from A
to B is 20.0s and from B to C is 8.00s. The average speed for the whole trip is closest to
a)-0.179 m/s b)0.536 m/s ¢)0.179m/s d)0.893 m/s ¢)-0.893 m/s

B € A
— ° — ° °
AB=15m, At,, =20s; BC=10m, Aty. =8s. Average speed
AB+ BC

= 2270 089322 . ANSWER D. Note that the speed must always be positive.
At + Aty s
4. (2.5 points) The graph below shows the position of a particle as a function of time. What
is its average velocity between ¢ = 5s and ¢ = 9s?
3m/s b)-3m/s c¢) 12m/s d) -12m/s ¢) need additional information

avg



x (m) LA _x(95)-x(55) _Om-12m _ .m
12} @8 At 9s—5s  4s s
I ANSWER: B
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PART II: FULL ANSWER QUESTIONS (question 5 to 7)
Do all four questions on the provided space. Show all work.

5. (10 points) Letx(t)=At*—Bt*+Ct, where A=12m/s* ;' ="## 9%&", and}' ="%# %
describes an object’s position as a function of time:

a) Find the positions at t = 1.0 s and t = 2.0 s. Hence find the average velocity for time
interval between t = 1.0 s to t = 2.0s.

Att=10s, x(t)=(1.2m/s*)(1.0s)* ! (2.0m/s%)(1.0s)° +(3.0m/s)(1.05) = 2.2m
(0.5 point)
Att=2.0s, x(t)=(1.2m/s")(2.0s)* - (2.0m/s*)(2.0s)’ +(3.0m/s)(2.0s) = 9.2m

(0.5 point)
2.0s)—x(1. 2m-2.
Vo, = x( OS) x( Os) = 9.2m=2.2m =7.0m/s (2 points)
20s-10s 1.0m
b) Find the velocity at time t = 0 s and at t = 2.0s.

v =%=4At3 —3Bt*+C (2 points)

Att=0s, v, =4(12m/s*)(0s) =3(20m/s*)(0s)" +(3.0m/s)=3.0m/s (0.5 point)

Att=20s, v, =4(12m/s*)(2.0s)" - 3(2.0m/s')(2.08) +(3.0m/s) =17.4m/s

(0.5 point)
c) Find the average acceleration for the time interval between t =0 s to t = 2.0s

0 = v.(2.0s5)-v_(0s) _174m/s-30m/s _ 72m/s (1 points)
205—0s 2.0s

d) Find the acceleration at time t =1 s.

a, = CZ)" =12At> —6Bt (2 points)
t

Att=10s, &, = %‘;X =12(1.2m/s*)(1s)’ - 6(2m/s’)1s=2.4m/s’ (1 point)




6. (10 points) The diagram below is a Velocity(v) Vs time (t) plot of an athlete running

the last 100m of a marathon. From t = 0 to t;, he is running with a constant speed of 12
/s, till he covers 64 m. He then decelerates (slows down) for 6 s till he comes to a stop
(v =0) at the finish line.

A
v(m/s)

12m/s —\

a) From the graph and data above, calculate t;. Determine t,. Use the appropriate 1d
kinematic equation to calculate the constant acceleration from time t; to t,.

x, =64m=x,+v,t, =0+(12mes™ )t, ¢, =5.33s. (2 points)
t,=t +65=11.33s (2 points)
b) Use the method of graphical integration,x—x = J‘tz vdt = area, to determine the
tD

distance traveled from time t = ty to t = t,. Assume initially ¢ =0,x, =0. NOTE: You must

use graphical integration to receive full credit.

x-x,=x-0= '[;2 vdt = area of rectangle + area of triangle . (2 points)

X= (12m-s‘1)(5.335)+%(12m-s‘l)(65): 100.m (4 points)

7. (10 points) Jack throws an egg straight up with a speed of 8.4 m/s. The egg is released at
the same height as his head. It rises and then falls down and hits his head
a) Draw a motion diagram of the path of the egg from when it was released to the time it
lands on his head. In the diagram, indicate the direction of the velocity and acceleration
of the egg.

In the diagram the dots represent the positions of the egg

- - -

a a v atequal time interval. To obtain full marks the spacing
o0 between dot must decreases on the way up and increases
T l l l on the down, in order to illustrate that the velocity is
changing. Further the direction of the velocity and
v acceleration on the way up/down must be clearly
indicated as shown. (2 points)
(N

b) Find the velocities of the egg at the height of 2.0 m above Jack’s head. Note that the
egg will be 2.0 m above Jack’s head twice, once on the way up, the other on the way



down. Find the times, on the way up and down, when the egg is 2.0 m above Jack’s
head.
Easiest method

v; :vjy—Zg(y—yo)zwy :i\/vgy—Zg(y—yO)
Voy = 8.4 m/s, yo =0,y =2.0m, vy = velocity at 2.0 m (1 points)
v, = i\/v(z)y - Zg(y— yo) = i\/(8.4m/s)2 —2(9.8m /SZ)(Z.Om) =+5.6m /s (1 point)

vy =+ 5.6 m/s, on the way up, vy = -5.6 m/s, on the way down. (1 point)

(v - v) (8.4m-s*1 —(5.6m-sf1 ))

wayup v=v — gt —>t=-" = =1.43s.
yup 0”9 g 9.8mes™
(vo—v) (8.4m-s’1—5.6m-s‘1)
way down v=v —gt —>t= = 2 =0.286s .(1 point)
g 9.8mes”
Hard method

1 . D
y=y, +v0yt—5gt2 , Voy = 8.4 m/s, yo =0, y = 2.0m, t = time when height is 2.0 m

20m=(84m/s)t —%(9.8m/s2)t2 = 4.9¢" —8.41+2=0 (2 points)

_84%(84) -4(49)2

9.3 =.857s+571s =t =1.43s(down) and t = 0.286s(up) (1

t

point)

2

att=143s, v=v,—gt=84—"-9.8"143s =56, down
N S S

S s*

c¢) Find the maximum height of the egg. Find the time at the maximum height. What is
the acceleration of the egg at its maximum height?
At Maximum  height the velocity is zero v,=0, so use

m 2
2 (8.4—)
Yoy _ 5

2 2
Vy=vor2g(y—yo)+y=2 = -
2098
S

att=0286's, v=v,— gt =8.4-—9.87.0.286s =5.6%, up (1 point)

=3.6m (2 points)

Time, v=v, - gt—>0=8.4%—9.85ﬂ2t—>t=0.86s .(1 point)

The acceleration is a, =—g=-9.8m/ s* . The direction is down. (1 point)



Useful Equations

A=Ai+Aj+Ak, unit vector notation.
1
X=X, +v0t+5at2, v=v,+at, v:=v; +2a(x—x0)

Tt Ar’ 1,—1, At
dx dv d’*x
V=— . a=— , = —
dt dt dt’
Graphical Method:

t o e, o, . .
x:x0+J1vdt: area, where X, and t, are the initial position and time,
tD

respectively, and x is the position at time t;. Area is area under v vs. t plot.

t « e, . .
v:v0+J1adt: area, where vy and t, are the initial velocity and time,
tD

respectively, and v is the velocity at time t;. Area is area under a vs. t plot.

total distance
average speed s, = —
t

Free Fall g=9.8m/s*, with +y up,y =y, +Vt! %gtz, v=y,! gt, vzzvg_zg(y_yo)

" 2n n
Solution of quadratic equation, "# +$#+%=0! #= 32 ;B i
!
Unit " —= $/(;$.—
| # %



