Solutions 4(i)

|Complete solutions to Exercise 4(i)

1. Use (4.75) on question 1.

(i) R=+10" +10° =200 and = tan_l(i—g) =45°
10cos(@rt)+ 10sin(@wr) = 200 cos(wr - 45°)
by (4.75)
(ii) Using (4.75) with a =+/2 and b =2 we have
R=42 +(J§)2 =

B = tan‘l(%) = 54.74°

V2 cos(ar) + 2sin(ewr) = V6 cos(wt — 54.74°)
(iii) We have —2sin(wt)+ 5cos(wt). Using (4.75) with a=5 and b= -2:

R=y(=2y +5 =vJ29and A= tanl(—%) =-21.80°

—2sin(wt)+ 5cos(wt) = J29 cos( ot + 21.80°)
(iv) We have R= V2, p= tan'l(—%) = —45°. Therefore

cos(wt)— sin(et) =2 cos(er +45°)
(v) We have R=2, the angle = tan™' (\/_): 60°, but 2 cos(60°) is positive and a is
negative so angle S = 60°+180°= 240°:
— cos(wr)— /3 sin(et) = 2 cos(ar — 240°)
(vi) R=+/50, angle =tan'(~1)=—45°, but cos(—45°) is positive and « is negative
so angle f= —45°+180°=135°:
—5cos(et )+ 5sin(er) = ¥/50 cos(wr —135°)

2. We first convert each function into the form Rcos(6 + ) by using (4.75): (i) We
have

R=+2and B=tan'(1)=45°

sin(8) + cos(8)= V2 cos(6 — 45°)
V2 cos(6— 45°) is the graph of 2 cos(6) but lagging by 45°:

ey g oo
450
M\E cos(H— 45°)

(i) Applying (4.75) with a =3 and b =1 gives:

R=2and f= tan‘l(—%) =-30°

3 cos(8)—sin(8) = 2cos(6 +30°)

(4.75) acos(6)+ bsin(0)= Rcos(0—p) with R=va’ +b° and = tanl(S)
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2 cos( @+ 30°) is the graph of 2 cos(8) but leading by 30°:
y

2‘ 2 cos(0)
“ %2005(6430")
\J

(iii) Similarly R=+/5and B=tan" (——;) =-26.57°.

We have cos(—26.57) is positive but a = —2. Hence
£ =-26.57°+180°=153.43°
sin(8)—2cos(8) = 5 cos(6 —153.43°)
V5 cos(6 —153.43°) is the graph of /5 cos(6) but lagging by 153.43°:
y

3t m /J'Scos(e)
153.43°
«—~/5c0s(0—153.43°)

3. Applying (4.75) with a =3 and b =3 we have:

R=‘l32+(\/§)2 =12 and ﬁ=tan_l(—§j =—6O°=—i3rmd

i =3cos(3t)—3sin(3t)= \/ﬁcos(& + g)

Hence

Amplitude =412 and period :2?” because o = 3.

. 10
4.Using [ =1, g=10 we have a):"—l =10

Substituting A=1, B=0.5and @ =+/10 into = Acos(wt)+ Bsin(wr) gives:
0= cos(\/ﬁt )+ 0.5sin (\/ﬁt)

We use (4.75) to put & into Rcos(wt + B) form with a=1, b=0.5:
R=VI +05°=4125=112, B= tan_l( ) 26.57°

Hence 6= 1.12cos(¥107 - 26.57°) Amplitude = 1.12, period = 2 z/+10 = 1.99s and
phase =26.57° lagging .

(4.76) acos(6)+ bsin(0)= Rcos(0—p) with R=va’ +b* and f= tan 1(—)
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5. (i) By substituting A =+/3, B=1and @ =10 into x = A cos(wt)+ Bsin(ar) we
have:

3 cos(10¢ )+ sin(10¢)
Applying (4.75) with a =<3 and b =1 gives:

R="(\/§)2+12 =2 and ,B=tanl(%)=i6r

Hence x = 2cos(10t— 6) So the amplitude =

(ii) For sketch we need to find the period and time displacement of

X = ZCosklot—z). The period T = 2n - Zs and time displacement = m6 -Ls,
6 10 5 10 60
So x :ZCOS(IOI—E) lags 2 cos(10¢) by ls.
x(mm ) A 2cos(101)
W 2 cos(10r — 7 6)
n = 1(S)
5 _’T 5
5 60

6. Using (4.75) we have r = 42 Cosk2t -

2 .
Amplitude = 442, period = 7“ =7 s. For sketch we have to evaluate the time

displacement:

. . 4
time displacement = 4 -Zs
by (4.33) 8
r=442 COS(ZZ—E) lags 4+/2 cos(2t) by gs

r(cm

4“/_ cos
7\4‘/_2 @ 4-J_2 cos(2t ——:D

. > 1(S)
U \ :
T +—
8

(4.33) time displacementzz
@

(4.76) acos(@)+ bsin(@)= Rcos(0 - ) with R= Va’ +b* and f= tan_l(é)



