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Part 2: Learning Outcomes 16-22- Thin film- grating- differaction

! S
*Define the phenomenon of thin-film interference.
* Explain the phenomenon of thin-film interference.

*Define diffraction as the bending of a wave as it passes the edge of a barrier, Student Bool
* Explain diffraction of light

Student Book 117

121~-122

e

Student Book 123
Practice Prob. (15,17,18) 124
diffraction. Check Your Prog. (28) 129
Compare the bright and dark bands from Young's Double Slit investigation with
the diffraction pattern from Single Slit Diffraction regarding the band spacing, Student Book 121~122
light sources, width of bands, and intensity of created bands:

Apply the equation fle:i:'-' 1o solve relevant problems on single-slit

*Define a diffraction grating,
*Define a reflection grating and give examples. 124~126
*Define a Eralin& spectroscope
Explain that constructive interference from a diffraction grating occurs at angles
on either side of the central bright line given by the equation md= dsin# where Student Book
m=1,23.

* Explain how a grating spectroscope warks,
*Give examples on the applications of diffraction gratings like in spectroscopes Student Book

used for gemstone analysis or others.
B £ maHDY ACADEMY
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Practice Prob, {15,1?,13] 124
Check Your Prog. (28) 129

15. Monochromatic green light of wavelength 546 nm
falls on a single slit with a width of 0.095 mm. The
slit is located 75 cm from a screen. How wide will
the central bright band be?

. Yellow light with a wavelength of 589 nm passes
through a slit of width 0110 mm and makes a
pattern on a screen. If the width of the central
bright band is 2.60X10™* m, how far is it from V'S

the slit to the screen? l

. Light from a He-Ne laser (A = 632.8 nm) falls on e

a slit of unknown width. A pattern is formed on a
screen 115 m away, on which the central bright
band is 15.0 mm wide. How wide is the slit?
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Practice Prob, {15,1?,13] 124
Check Your Prog. (28) 129

18. Yellow light falls on a single slit 0.0295 mm wide.
On a screen that is 60.0 cm away, the central
bright band is 24.0 mm wide. What is the wave-
length of the light?

. CHALLENGE White light falls on a single slit that
is 0.050 mm wide. A screen is placed .00 m
away. A student first puts a blue-violet filter

(A = 441 nm) over the slit, then a red filter
(A = 622 nm). The student measures the width
of the central bright band.

a. Which filter produced the wider band?

b. Calculate the width of the central bright
band for both filters.
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Practice Prob, {15,1?,13] 124
28. First-Order Dark Bands Monochromatic Check Your Prog. (28) 129

green light with a wavelength of 546 nm falls
on a single slit of width and location from the
screen shown in Figure 22. What is the
separation of the first-order dark bands?

— Lol '
0.080 mm
—
—
I LﬁS.O cm l

Single slit Screen ,’

Figure 22 B
9 53} ¢ aRal!
MAHDY ACADEMY
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What is the best possible explanation for LAl Ol gl S ased Jaina ppeadll Judadi La |
why the colors of a thin film, such as a slal o Syl gl O pibal) dc i (Jia 58 )
soap bubble or oil on water, appear to €55 kS gS adg
change and move as you watch?

p goiall 0 gl (38 1) pliall uila ) ) B (51 adl Jaall il ga O

| because convective heat waves in the air next to the thin film distort the light
Ol Jgoe pa pddy Cna padga A pLIAN e O

| because the film thickness at any given location changes over time |
Gad S30a g CALAS Geadd) ¢ g A ga J) bl 0¥

| because the wavelengths in sunlight vary over time _ ]
Gl sge g be da ) GllAS Wl O

' because your vision varies slightly over time

L MAHDY ACADEMY

SN aMlape y9335
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In a system where only one wave is okl 5aal 5 A g O 48 o U
inverted, what is the initial condition for T Ll JA100 A0 g¥) Ja g 5 A La
constructive interference?

A
d = film d

= lﬂlm d = Apim | d= 2 Afitm
4 .

10

For a film with one phase inversion, A L il s sk S 3 pldal Aually
which set of thicknesses will produce Pl MAIS ilis AN pLEAN dla de gaes
constructive interference?

W4, 334, 504 M2, 0 N2 Ay 20, 30 | W8, 3)/8

11

For a film with two phase inversion, o Ao gana (A L ¢ () 3 pLa] ity
which set of thicknesses will produce Yol JAIG il Al pllad)
constructive interference?

w4, 34, 504 M2, A IN2 A 24, I ' +/8, 318

SN aMlape y9335
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In a system where only one wave is | JabB 52 g A ga NS A a3y alla A
inverted, what is the initial condition for ol JA1all 3 W) Ja g sl b L
constructive interference? .
_ Arim _ Afum d = Afim d = 2 dpym
2 4 | |

For a film with one phase inversion, ' b Lacdnly g gph GG o pLEAS 4l
which set of thicknesses will produce el MAIS i Al pLEA)) das de paga
consiructive interference? |

W4, 3, 504 M2, 5,302 A 24, 30 W8, 38

11 j
For a film with two phase inversion, = dawis pana A Lo Gl o3 plial ddly,
which set of thicknesses will produce pkis SAIG i Al plad) |
constructive interference?
/4, 304, 504 M2,3 302 ' by 20, 30 8,308
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|
When light passes through a single slit, = Y48 o baa ) i jha (33 s sl j550 20

which of
|’ the following appears?
e A bright central band, with dimmer, narrower bands to the side
_ 16 sha Jil g el Apils lanl pa Aabil 4538 e L
A dark central band, with bright bands to l!u side

A series of equally bright bands

Aadlos Agily il pa (AIS1D A S e Aaa

£ shaadl &) gldia Gulad¥) (e Aluales

A single wide bright band

daly Ay £ dakle s |

2

A slit of width w is used to observe a
diffraction pattern on a screen at a
distance L from the slit. If the width of
the slit was doubled, the width of the
central bright band would »

m#:»muﬁwuj}:ruq" y
8D G g el 1) 380 e L ) e
Ay addnadilgal ga g

decrease h}lﬁﬂor of 4 ﬂ_-ﬂ:ﬁ

decrease by a factor of 2 <haill Ji

increase by a factor of 2 sl 3135,

increase by a factor of 4 ka4 313,

3

Monochromatic green light of
wavelength 546 nm falls on a single slit
with a width of 0.095 mm. The slit is
located 75 cm from a screen. How wide
will the central bright band be?

sl ddgh fglll gslal jiadl g guda by
(0.095 mm ) e gaal 35 Je( 546 nm )
il aSh, ASLAN (275 om ddleaa 330 Sy g
Chipiaall 4538 pall dajall a2
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Yellow light with a wavelength of 589nm 34 52589 nm A sall dsh jhal ¢ ga s
’ passes through a slit of width 0.110 mm CAS 13, ASL) & Bl g2 0,110 mm 4o 2
! and makes a pattern on a screen. If the 2.60 x 107 m Aipaall 443 jall 4 jall (o £
width of the central bright band is PALLL (o (3 ghd) g Lad
2.60x107 m,

how far is it from the slits to the screen?

kil i

Yellow light falls on a single slit 0.0295 Ao g gdal 3d Jo ial p g b
mm wide. On a screen that is 60.0 cm idpdaal) 4y 38 Hall dajadl (2 2 (S5 0.0295mm
away, the central bright band is 24.0 60.0 cm a8 AL Je24.0 mm
mm wide. What is the wavelength of the Ts guall 2 gall J shll Lad
light?
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White light falls on a single slit that is
0.050 mm wide. A screen is placed
1.00 m away. A student first puts a blue-
violet filter (4 = 441 nm) over the slit,
then a red filter (A = 622 nm). The
student measures the width of the
central bright band.
a. Which filter produced the wider
band?
b. Calculate the width of the central
bright band for both filters.

PHYSICS Inspire

hia p gdal 35 o Gaul p g b |
1,00 mass e ALE Cad 5 0.050 mm
(h=441nm ) by (3,51 L o il gy g
(A= 622nm) sl lad e pday 23 ¥l B e
Adplaal) 438 sal) dajal) a6 el (uld o
fla e S| daja dde Cali Cpadipall (e sla
a IS Aipaall 4y 38 a0t da jadl a6 sl b
Cands yal)
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You have several unknown substances and
wish to use a single-slit diffraction
apparatus to determine what each one is.
You decide to place a sample of an
unknown substance in the region between
the slit and the screen and use the data you
obtain to determine the

identity of each substance by calculating its
index of refraction,

1. Come up with a general formula for the
index of refraction of an unknown
substance in terms of the wavelength of the
light (Avacuum), the width of the slit (w),
the distance from the slit to the

screen (L), and the distance between the
central bright band and the first dark
band (x1).

2. If the source you used had a wavelength
of 634 nm, the slit width

was 0.10 mm, the distance from the slit to
the sereen was 1L1S m,

and you immersed the apparatus in water
(Nsubstance = 1.33), then

what would you expect the width of the
center band to be?

il o Gl Abgmall pf ) gall e S gaga il

Gyohh, gl A g g pladiuly Sia JS £ 4
dﬂh@ﬁhﬁdl}ﬂ*ﬂihﬂ@l‘uf&&;
Laadl Lpyle Silan q:lﬂﬂl#ﬂiuﬂﬁu'lj 4250 g
Jalaa laay 3ala JS £ 5

A Ll

ANy U ggaa Bial L) Jalaal ddte digpa a8, 1
) G4 G2 e (i £ Ale sl s gall J skl

o ABlcall g) (1, ABLEN g BED (g Alecdd) o(w
Ax1) 89 Adaadl A jadl g Adpdaall 4538 sall 4 32l
634 ¢ 4Gaddin) A jaaall o pall Jghall 0181312
) oy Al 3 0,10 mmGa&l a2 5 nm
plall b gl e g 1,15 me Ak

438 al) dajadl a2 (98 O @ s pSh (0= 1.33)
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Monochromatic green light with > all ddgh (gll) gl yadl § gud Jakey
a wavelength equal to 546 nm falls on a Al £ puiaga gial 35 e 546 nm

single slit of width and location from a L JS A ASLEN (e sy
screen shown in Figure il Adaall o 5ad) (s Abualdl) ALl )ik La

What is the separation of the first-order ¢ AoV A4Sl
2T EL MAHDY ACADEMY dark bands?

|

0080 mm

—
—_—
—_—
—
—
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Light at 410 nm shines through a slit By g (34 A G (410 nm ) 38 5 pall gy
v JSEN B e gh LS dadaies LALL o

(333( Il]“‘m)d-l‘udﬁ&u

gl 4 38 sall dajal) o2 £ L

and falls on a flat screen as shown in the
figure below. The width of the slit is
3.8x10° m. What is the width of the

central bright band?
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Light at 410 nm shines through a slit Bl y 34 A 0a (410 nm ) S8 5 gl gy
and falls on a flat screen as shown in the | . (A& JS&I 8 ruaga ga LaS dadaes A3LE o
figure below. The width of the slit is (3.8 x 10° m) &) o s My
W oG |3-8x10°m. Al Jo¥ dajall (9 ) duy)la
SR eLmanovac | What is the angle (0) of the first dark
band?

ek i

First-order dark band ——___,—..J

-
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The diagram shows a single slit with the
direction to a point P on a distant screen
shown. At P, the pattern has its second
minimum (from its central maximum).
If X and Y are the edges of the slit, what
is the path length difference (PX) -
(PY)?

P Adaiill oladly 13 ke W adadl) ane ) gy
Aallial) 4 jad) gl P Akl die oy ASLL o
b oa Lad (320 Uila Laa Y9 X il 1), 4l

Y(PX) - (PY) Jtsall Jsho

¥ ap
incident - /
light

X

V2o | 302

[ 2. [ 502

12

In order to obtain a good single-slit

diffraction pattern, the slit width could
be:

cdal g (B IR0 1 g bl e J_,-na-ﬂ
t S (B2 b e (68 O (S

A 2/10

105 [ 10%.

SN aMlape y9335
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A diffraction grating that has d = 6000
lines per cm. What is the distance
between two lines?

e S B3 6000 & 5550 238 3 |
¢ouhd  ABlaall La |

1.7 x 10~ em 6.0 x 10* cm

1.7x10° em

6.0 x 10° cm

Compact discs (CDs) are an example of
the following:

sl L i VB (CDs) Aol ol 51 223 |

Double slit Thin film
z.523all 3D 5l plial)

Single slit Diffraction grating |
Kt PRy RAL dgaall giaa

3

Light is incident on a diffraction grating
that has 500 lines/mm.
a. Find the slit spacing for the grating.

b. What is the highest order maximum
that is possible when the light has a
wavelength of 390 nm?

Sagllia/ld 500 52 25 aa o ;,..ah...;

Jaall Bgh s Alleaall 2agl |

dsb S latie ¢ piall Aiaa ) Jof e |
? el 390 i e
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The adjacent figure illustrates the
formation of the second luminous fringe
resulting from the incident of
monochromatic light with a wavelength
of (5.28 x 107" m) perpendicularly on a
diffraction grating surface. The number
of slits in this grating per millimeter is
equal to

A ainall uagdl (0S5 grada gy Jildall JSEI)
o> sall Al gl (5l saal ¢ g o ghes Al
A g pha e Lagas(5,28%107 m)
Saglall B g5l 138 Ly giay AN 3508 2
§ Sl 221 5l

4 x10® lines 8 x10® lines

4 x10? lines '8 x10° lines
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A student notice the beautiful spectrum
reflected off a rented DVD. She directed a
beam from her teacher’s green laser
pointer at the DVD and found three bright

| spots reflected on the wall. The label on the

pointer indicated that the wavelength was
532 nm. The student found that the spacing
between the spots was 1.29 m on the wall,
which was 1.25 m away.

What is the spacing between the rows on
the DVD?

e (F LuSale il Uk AdUs ey
@iyl 5l sde (e llad Sy g SaDVD
SO S BDVD J) pa 5o Lghalnay aldl)
e s, el e Cusel) 38 digaa ady
4dUal) S 99,532 nm > sl Jshal) ) disal)
Jaadl e ].29 m <uilS aldl o3 Gy kS AN o
coa Al (21,25 m Abla day A

'DVD J) pad o Cld 1Al (o Adlecall Lad
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White light shines through a grating
onto a screen. Describe the pattern that
is produced.

gL Jaadl

If blue light of wavelength 434 nm
shines on a diffraction grating and the
spacing of the resulting lines on a screen
that is 1.05 m away is 0.55 m, what is
the spacing between the slits in the
grating?

F£434 nm >34l Ash 5,0 ¢ gua bl 1)
0.55 m A Alalil) Adlual) COlS g 2 gan 953
105 m 25 452 e 4550 Ja ghdd) (o

$ gl B TRl ALl Adlesal) Lad
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A diffraction grating with slits

lines in the diffraction pattern?

separated by 8.60x107 m is illuminated
by violet light with a wavelength of 421
nm. If the screen is 80.0 cm from the
grating, what is the separation of the

Ailas 43 8l (i el 3 g g 50 plulay

asal) dgh adl; 5 32 8.60 X 107 m

O 80.0 em 2 e ASLA) &3S 1) 421 nm
o8 da ki) (s Alalil) Clilecal) jlaka Lad ¢ j g jaall
¢ gaad) ol

Light of wavelength 632 nm passes
through a diffraction grating and create
a pattern on a screen that is 0.55 m
away. If the first bright band is 5.6 cm
from the central bright band, how many
slits per centimeter does the grating
have?

9

358 j95aa & 632 nm sl Ash g g jay
0.55 m Adlas 205 A25LL Jo sl (55

e A9V Apdaall dajaldl ClS 13), Gyl (e
23 Lad (dipaall 4538 pal) 4 jadl (34 5.6 cm 2
s5aall A Sagiiv J9 55000
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You shine a red laser light through one
diffraction grating and form a pattern
of red dots on a screen. Then you
substitute a second diffraction grating
for the first one, forming a different
pattern. The dots produced by the first
grating are spread out more than those
produced by the second. Which grating

has more lines per millimeter?

bl b 2gi S95aa ) panl 4 g g Gl
Ja0aa claiu) 5, LGS o ¢l yaad) B (e
, wilide bl giid AT agaa 390 SV 390l
1A ST e Jgoaall o Al Jldll ciiS
L AN gl e Al dli e

JS) Jisiaghd o s giay Gujgiaall G
Vs
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You are shown a spectrometer but are
not told whether it has been constructed
with a prism or a diffraction grating. If
vou look at a spectrum produced by
white light passing through the
spectrometer, how could you determine
which device produced the spectrum?

ighall (S 1) Le alad Y ) Y BGka L
13), 35a j95na gl gdia aladiuly Ao g3l
25 Al asl) g gl e maldl) Cighall ) sl
il miil AN Slgad) daad dliSa; Ciush Cilihall

12

A grating has slits that are 0.055 mm
apart. What is the angle of the first-
order bright line for light with a
wavelength of 650 nm?

Le,0.055 mm Jdkay Wulans (6 J550a (90
Job s gl S A5 N 53 p el A 4 )
Y650 nm 45> 9

0.012°

1.0°

0.68° 1x°

SN aMlape y9335
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A diffraction grating that has 6000 slits = 2ai em J9 3<% 6000 Oa O350 290 550 o)
per cm produces a diffraction pattern 20° Lo AoV A0 (a Ui “Und Gy 3 g
that has a first order bright line at 20° . s gaall ¢3S yall Bal)
from the central bright line. What s guall 2 gall Jghall Lad
is the wavelength of the light?
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A diffraction grating was illuminated
with green light, and an interference
pattern like the one shown in Figure (A)
was formed on a screen 1.2 m away. If
the number of slits per unit area of the
grating is 1.52 x 10*/m,

I- Calculate the wavelength of the green
light used.

2- What must be changed to produce
the pattern shown in Figure (B), and by
what factor?

JAlG Jaad i gSO8 ) g geday g 9 S0 gl
M#M&JJMI(I}M!@M
Jgiaall Baag A G5Ad) s (IS 1 (1.2m)
(1.52x10% /m)

pdddall padll ¢ gaall L gall Jghall Gacal -]
JS&) B AUkl haadll iyl o i qaag 53 La 22
¢ Jate sy (@)

(V)

[TITm il.'l":l"i |"| .'|'||'||
) 10 M W &0

LU UL L L Ll
& #

SN aMlape y9335
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The luminous line with a wavelength of
546 nm is measured at an angle of 81° in
the third order of a diffraction grating.
Calculate the number of grating slits
per centimeter.

3o (546mm)g> s Jshll 93 ¢ paal) il iy
I8 gagai (e AN 45,0 A (81°) 4yl
Fafiadl A jg5aall G405 2 Gl 3 gal)

¢ aalyll
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Mona uses an old {33% rpm) record as a

diffraction grating. She shines a laser, 4 =
632.8 nm, on the record, as shown in
Figure. On a screen 4.0 m away, she sces a
series of red dots 21 mm apart.

a. How many grooves are there in a
centimeter along the radius of the record?
b. Mona checks her results by noting that
the ridges represent a song that lasts 4.01
min and takes up

16 mm on the record. How many grooves
should be in a centimeter?

Ay daglh i) o g5 b D) gl gia 228505
clalug, 4»33%{33% rpm) W
L) ghaud Je). = 632.8 nm sl Algha |3
O A8 gana Gl E | JSAN LS (il £ g3 i)
Ablna ang (8 Lguiany 201355 51 pand) BUAL)

' 4.0 @m 25 A5 e 2lmm
il Jia) o Sagiiv JS B b ghill 3 aS g
Tl e gi ghll 401 glal ylad

Latic L) Cila g5 Al giliil) (a e Cillial b
4.01 min Y5 L] Jid clp gall) o cdaay
200 pSh, il £ g3 gkl L) glad Je 16 mm Jaiy
¢ faiie JS 8 b ghdl) |
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Diffraction grating with spacing between
each pair of adjacent slits (5 x 10° m) is
illuminated with monochromatic light of
wavelength )5.5 x 107 m). Calculate:

1- The number of slits per meter of the
grating

2- The angle of observation of the second
illuminated fringe

s gada (ks JS (o Adlasall 553 39508
Jdsb Ol gdal ¢ gty g 2l (5%107° m )
10 S Gl (5.5x1077 ) 54l
Jaiaall e aal gl Sall A iR s ]
Al Apeaall Lol 2ea ) 45515 -2
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I8 |
A diffraction grating is illuminated with | A&l = G958 ol 5 g 90 g0 ;.q...ai.
white light, and a pattern of bright and Y s daad) (1.2m ) Alea g 3aal) N
- = darklfnnges is pmjcct}*d nn.tn a screen 1.2 ) skl S (A LaS ddiaal) g Aipiaal
HRE woliana | M AWaY from the grating, as shown in the Ay 38 pall dgagll A JSi ui T\ VARSI I
& EL MAHDY ACADE! IIdjﬂﬂEl'll ﬁgure. c.ri _,nLE.Il JAE‘ e _’«.'AI'I i+ 34 d"h l‘.:.l'l Cuale ;:ﬂ -1
1- Which of the fringes visible in the figure (5.2x107 m) Jaaid
is the central fringe? s 35l e skl B3 q; gy Vnad |
2- If the wavelength of the green light - - ol N
visible in the pattern is 5.2 x 107 m,
calculate the number of slits per unit
length of the grating.
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Part 4: Learning Outcomes 23-25- Relative velocity

Student Book 148
Defi frame of refe :

ne a of reference Figures (13) 148
Student Book 148~149

Figures I:13] 148

Practice Prob. (25, Z?J 152
Student Book
Calculate relative velocity in two dimensions using vector addition and Figures (13) , Example (4) 150~151

Practice Prob. {Ear 29} ::;

Check Your Prog, ! 3335!

Calculate relative velocity using vector addition and subtraction in one
dimension: v, + Vpse = Vg
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Figures U. 3}
Practice Prob, (23, 27)

Same Direction Opposite Direction

T 1 EL MA.HD'!’—A.C.&DEI- Vius retative 1o street Vi refative to street

Viyou relative to bus v'puu relative i B

vruu relative to street

Figure 13 When an object moves in a moving reference frame, you add the velocities if they are in the same
direction. You subtract one velocity from the other if they are in opposite directions.

Recall What do the lengths of the velocity vectors indicate?
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25, You are riding in a bus moving slowly through heavy traffic at 2.0 m/s. You hurry to the front of the bus at
4.0 m/s relative to the bus. What is your speed relative to the street?

26. Rafiis pulling a toy wagon through a neighborhood at a speed of 0.75 m/s. A caterpillar in the wagon is
crawling toward the rear of the wagon at 2.0 cm/s, What is the caterpillar's velocity relative to the ground?

27. A boat moves directly upriver at 2.5 m/s relative to the water. Viewers on the shore see that the boat is moving
at only 0.5 m/s relative to the shore. What is the speed of the river? Is it moving with or against the boat?

PHYSICS Inspire

Figuras (1 3:| ‘
Practice Prob, (25, 27)

22 AR

EIaA5E EL MAHDY ACADEMY
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EXAMPLE Problem 4

RELATIVE VELOCITY OF A MARBLE Ana and Sandra are riding on a ferry boat traveling east at 4.0 m/s.
Sandra rolls a marble with a velocity of 0.75 m/s north, straight across the deck of the boat to Ana. What

is the velocity of the marble relative to the water?

1 ANALYZE AND SKETCH THE PROBLEM
Establish a coordinate system. Draw vectors for the velocities.
Known Unknown
v, =40m/s = 075 mfs v, =7

uﬂlﬂi e

2 SOLVE FOR THE UNKNOWN
The velocities are perpendicular, so we can use the
Pythagorean theorem,

Viw' = Vmi + Vo'

Vorw = W' + Van?

= /(4.0 m/sy + (0.75 m/s)’ = 41 m/s Substitute v__

Find the angle of the marble’s velocity.
v
o=ton ()

'

= tun"(%ﬁ"ﬁ?) = 11° north of east

The marble travels 41 m/s at 1" north of east.

Vbw

>

¥,
N o a

Vorw

=40 mfs. v , = 075 m/s.

PHYSICS Inspire

LJdu "Ll

151
152

Figures (13) , Exampie {4)
Practice Prob. {28. 29}
Check Your Prog. (33,35)

NS

¥ EL MAHDY ACADEMY
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Figures (13) , Exampie {4) RS

28. A boat is traveling east at a speed of 3.8 m/s. A person walks across the boat Practice Prob. (28, 29) 131
with a velocity of 1.3 m/s south. Check Your Prog. (33,35)

a. What is the person’s speed relative to the water?
b. In what direction, relative to the ground, does the person walk?

29. An airplane flies due north at 150 km/h relative to the air. There is a wind
blowing at 75 km/h to the east relative to the ground. What is the plane’s
speed relative to the ground?

SALH EL MAHDY ACADEMY

W — _-_,LiJl Jﬂ,“_,JJL-nJII iLh.l'@JL-ﬂ &_,.—n.”
Telad) ) asdl o 5ld l-‘-h-.-" A.r.,..-JlaJ—fpil 0.62 m/s

JLid) olod) 3 3 5ls Ludad 3 5Ua) deud)) dganied) ds punl!
sladl 3ty giy welagd) ) dnly 235 km/h ic

il S8 a0 ,Jl aecd 65 km/h ic s 00 L)
oo ¥ ) acdl Lgalssly 55U dc

S0 alsse 1933
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151

33. Relative Velocity of a Boat A motorboat heads e e 152
due west at 13 m/s relative to a river that flows
due north at 5.0 m/s. What is the velocity (both
magnitude and direction) of the motorboat
relative to the shore?

Figures (13) , Exampie {4)

‘.—r-.

MAHDY ACADEMY

it s o ) a5 3 e 0 e ) D) dc ) L34
5.0 M/s ic e JLLI sl o et o oela ) Al 13 m/s
daddl o) ol (alou¥ly Jlaadd)) dgadd) de o) 3l o508

el s J
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Figures (13) , Exampie (4)
35, Relative Velocity An airplane flies due south at e e 152
175 km/h relative to the air. There is a wind

blowing at 85 km/h to the east relative to the
ground. What are the plane’s speed and direc-
tion relative to the ground?

\.—.r.u..

MAHDY ACADEMY

P —— I-.-l’.n-'hn“ al.h.r‘q.li,al.h,‘.h.a lﬂ.u-h" “""“"Jl u,.-dl 7 4
! alas! U" —— P -.JL-Aj wlagd) ) Al 175 km/h
3 Hlall u,.ae.l.apﬁ.‘l ,_,n;\" o) -t........le 85 km/h ac

T, ¥ ) Al Lpalssly
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