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INTRODUCTION

This HP-13C/HP-29C Solutions book was written to help you get the most from your calculator.

The programs were chosen to provide useful calculations for many of the common problems
encountered.

They will provide you with immediate capabilities in your everyday caiculations and you will
find them useful as guides to programming techniques for writing your own customized software.
The comments on each program listing describe the approach used to reach the solution and
help you follow the programmer’s logic as you become an expert on your HP calculator.

You will find general information on how to key in and run programs under “A Word about Program
Usage” in the Applications book you received with your calculator.

We hope that this Solutions book will be a valuabie tool in your work and would appreciate your
comments about it.

The program material contained herein is supplied without representation or warranty of any kind.
Hewlett-Packard Company therefore assumes no responsibility and shall have no fiability,
consequential or otherwise, of any kind arising from the use of this program material or any part
thereof.

©) HEWLETT-PACKARD COMPANY 1977
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Calculates the offset distance, point of intersection and other parameters
from a point offset from a line of known bearing.
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AZIMUTH-BEARING CONVERSIONS

Azimuth Quadrant
Codes

] S

Angle conventions for azimuth and quad-
rant bearings as uscd in this solution
book are shown above.

Thus azimuths are measured from the
north meridian following North American
surveying cenventions. Bearings are
measured from the meridian in the quad-
rant in which the line falls. Quadrant
codes are shown in the above sketch.

OFten it is desirable to have a quick,
casy method to convert to or from
azimuths and bearings. In this solutions
book, for cxample, some inputs and out-
puts may be in azimuths rather than
bearings, or vice versa, when you desire
the alternate form. “The simple key-
stroke routines on the following page
are helpful in making thesc conversions:
LI you have a number of conversions to
perform the calculater program will be
more convenient and faster. Subroutine
1 converts bearings to azimuths., Sub-
routine 2 converts azimuths to bearings.
You may want to separate the two parts
and only key in one section if all vour
conversions are in one dircction.

Example:

Convert bearing § 347 56" 37"V to

an azimuth.

Convert bearing N 85° 24" 47"W to

an azimuth,

Convert azimuth of 1620 L
bearing/quadrant.

5!’

32"

to

Convert azimuth of 39° 42' 26" to

bearing/quadrant.

Solution:

4,

17,4422

o

£

anr
79, 428

39, 422¢

£0p2
g

g8
L a2 4

A7

A7

BRG.

QD.

BRG.
Qn.



KEYSTROKE ROUTINES

BRC (D.M$) |

STEP INSTRUCTIONS DATAIUNITS KEYS DATA/UNITS
|| AZIMUTHS TO BEARINGS:| B Il Il B |
1 | Azinuth = 0% to 90° |y (nwg) || 50 caLcuiaTioN| | l|nrc (s
ol | o | | I | I | PN
2 | Azimuth = 907 to 180° | 180 ____IENTERI | ]l | |
B Az (M) I 8 | | S I_ ]
L ________I SHLHS | | | I_Piic_ (D.MS) |
- - o | | | lp = 2
3 | Azimurh = 180° ro 270°|az (v.s) [EveERt || 180 || | l|BRe (0.15)
- | | I | llop = 5
4 | Azimuth = 270° to 3607|360 foners || I[ (] | |
oy Le I _or e I
I R D [tms | | | ||BRE (D.145)
| o |l | | Il llap = 4
BEARINGS T0 AZIMUTHS:| || | I | A |
5 | Quadrant = I BRG (D.Ms) || M0 _caLcurATTON | | AZ (D.MS)
| ] 1l | |
6 |Quadrant = 2 180 |Lenrens ][ [l 1
BRG (D.MS)_I g II CH II II L
| stms || i I AZ (D.MS)
7. |ouadrant = 3 axc (n.ms) |lnrerd || 180 || | Az (D.MS)
C
8 |Quadrant = 4 360 [evregs || | |

[ & |l

H

|

|

f

B

I

|

|

I

|

I

|

I

|

|

|

I

|

I
I
I
I I
I
|
I

|




User Instruetions

STEP INSTRUCTIONS INPUT KEYS ourput
DATA/UNITS DATA/UNITS
1 Key in the program - ‘:l LJ
(steps 01 thru 26 for bearing to azimuth, ‘:__I \;l
steps 27 thru 45 for azimuth to bearing) D [
o I
2 1 To convert bearing to azimuth: BRG (D.MS] ﬁg—NIi [—]
input bearing and quadrant AD lese || 1 | AZ (D.MS)
[ B
3 To cenvert azimuth to bearings, input | I [ ,_J
_____ azimuth. az (o.msy| lesB | 2 | | BRG (D.MS)
|rR/s |l | oo
1]
IR
[0
I N
_ Lo
I
I )
L]
LI
I
[ 10
10
[l ]
I
1]
.
1]
I | .
I
[
R
.
I
LT ]
I B
- I R
- RN
Lt




f1 wipLt Bearing to Azimuth

A7 ey Bearing
a3 +H
BT v Quadrant
BE ENT*
7 OENTt
ae 2
pa <
g INT
i !
12 2
13 E
14 &G
15 ¥
16 X2y
17 ROLS
10 "
Fas £
RS 1
28 R!
2! Ry
22 Fi
237 ¥
A
Pl 4 - v .
g 4.”?":':" kExAzimuth
2 RoE
i I N . . .
27 #LPLE Azimuth to Bearing
28 Flkd
2& +H
J8 ENT?
21 LIN

3 CHS

J5 sHME

J& RsE #h*Bearing
3F £l

K g

29 &

4E =

71 !

42 4

43 INT

44 FIXE *xEQuadrant
4= RO

REGISTERS
1 2 3
7 8 9 180
2 3 4 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

A#%Print x may be

used with or to replace R/S




FIELD ANGLE OR BEARING TRAVERSE

This program uses angles and/or deflec-— Example 1:

tions turned from a reference azimuth and

horizontal distances, to compute the Field Angle Traverse

coordinates of successive points in a Traverse the figure below starting at
traverse. For a closed traverse, the

area enclosed and closure distance and N 150

azimuth are computed. E 400

Equations:

= + : .
Ni+l Nl HDist cos AZ
hi+1 = El + HDist sin A7 zoaaar
18 k—_]_ //
O ot %,
Area = Z LATk(I/zDEPk + Z DEP ) 100° 45’ 58° w
k=1, i=1 ]
where:
Solution:
DER) = Eyq 7 By and 1AT = N - N
Remarks:

158. 4vae ENT?
408. #B6R CSPI
100. 8R40 ¥rx
31,3955 R/S
1312955 mmx

If the user does not desire to do Field
Angle Traverse, steps 012 through 026
may be eliminated; if he dees not
desire to do Bearing Traverse, steps

064 through 080 may be eliminated. 113. 3455 6582

65, 1458 1ex

Angles left and deflections left must be 177.966@ R/S

entered as negative numbers. 2243158 ¥x
RS (N)

This program assumes the calculator is 261.61538

(E)

188. 2455 G5B3
324,495% wmx
161.4918 RS
I56.5285 e (N)
g5
48.6088 oy (E)
g7, 3559 £SB?
232.2554  xwx
203.6988 R/S

set in DEG mode.



232,337 k¥

R/ (N) Solution:
3071438 #rt
108, 4550 LSBT 180, PRAR ENT?
131,7955  xpr 548, 8008 LSR1
124, 8R0F RS 180. 0008  fxx
148,984 wer () BE. 8277 ENTH
RS 1,8099 £SP4
399,782 sk (T) BE. 8227 wax
£5ps 1835080 R.C
26550, 8204 pax  (Area) 167,1482 wxx (D
R/t pro

0774 (Frror Dist.)
8.2370 £03.2529 wwx ()

RS (prror A7) 165847 ENTH
246.1844 tex o onea b
HLOILT ver
1819688 #-8
22,5657 prr ()

Example 2: Pt
5708070 pr ()
Bearing Traverse 64,1319 ENTH

3.8888 £AR4

Traverse the figure helow starting at 544 1719 pra
L [ R B, A

N 100 126,440 RS
k500 151.16608 wmk (M)
R

61,6795 k¥x
37. 2651 EHTt
2. 0088 CSR4e
3 142, 3382 ¥
63,1788 R-&
1818366 kxt (M)
Rt
06,8498 yax (1)
ESES
pe55. 4922 wex (Area)
g
1.R378  wew {Frror Dist.)

v Bt
10550 RS ‘
WNBG°02'23"'E 2.4219 wxx (Error AY)

(¥)




| enter azimuth with QD = 1,

T ) l Y [ ) . s A 7
User Instruetions
INPUT OuUTPUT
STEP INSTRUCTIONS DATA/UNITS DATA/UNITS
1 ~ Key in the program. ) ]
2 Key in beginning coordinates BEG N
BEG E 180.00
For Field Angle Traverse:
3 Key in reference azimuth away . REF AZ | AZ (D.MS)
from beginning point. I
[ 4 1 Key in field angle:. . A
| Angle right ang. right B | AZ (D.MS)
_or Angleileft (—) Fang . left I AZ (D'MS)
or Deflection right Heflect.rt ] A7 (D.MS)
_ | or Deflection lefr (-) Fdeflectdf | AZ (D.MS)
| 5 Key in horizontal distance and compute 2
B __coordinates HDist _ J N
| E
7 For Bearing Traverse: ],
3! Key in bearing*and quadrant code. BRG (D.MS) ]
QD | AZ (D.MS)
4' Key in horizontal distance and compute |
| coordinates, . HDist I B N
s E
Repeat steps 3,4,5, or 3',4' for successive |'~
courses. o Il
6 For closed figure: Compute area, error I
distance, and error azimuth. | |GsB |, Area
J B Error Disg
* If azimuth is known rather thanrbearing, NJ ) Error AZ

—_— e

L
.




at w EBL} Store starting t 5e 2

a rre . -

@i FIdd point cgordinates 5! :

8T LIRL and 180 3 RCL7

pe ETOI 3z -

B MY 54 ¥

ae ETO2 55 8T+2

a7 i 5EORCLE

Be g 57 OR0L2

ac & 58 +

r o, 52 por ok

! N BF RCLT

iz +H &1 RCLY

7 RFLLZ Reference azimuth 62+

14 +H PR

w'lf’ 41

18 ETpE

I7 RLBLZ

T K Angle input Convert bearing and

moprLz quadrant code to

ap +H azimuth,

21 +

22 +HME

27 ¥IRLY Deflection angle

24 input

25

25 -

A

28

2¢ 7p

I8 Compute azimuth 79

7 ep

az 2! x

77 0%

3z a2 -

T a2 ETee

™3 84 ylpLT Area

it £ 8S RrLE

I3 g Bt BES

Ie + 87 p-t Kdek

I5 wlple go priv

48 £T0s 89 PRLLE

41 +HMC a 3P Setup for closure

42 R-E Ik 2t per FK

43 8T+% 8z

44 prid Input horizontal a7

45wy distance

£13 A

47 BT+E

20 y=u Compute next coord.

49 5747 and accumulate area.

REGISTERS

0 1 Beg. 2 Beg. N 3180 MY 5 sHD
6 . ] 0 A

Lat. Dep. Area Bearing
2 3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

*%% indicates that "Print X" may be inserted or used to replace "R/S".




This program calculat

INVERSE WITH CLOSURE

es the distance

and azimuth of the line joining two

points.

For a closed inverse, the area

enclosed and closure distance and

azimuth are computed.

Equations:

~ - 7 T 7
HD /(Ni Ni_l) +(hi Li—l)
E - E
AZ = tan~! 7§ L{:L
NN

n
Areg = Z:
=1
where Dth = Ek+l
LATk = Nk+l_

Fxample: Inverse the
starting at

N 100.00
E 200.00

225.000 4
170.000

N100.000

Begin £ 200.000

k-1
" Ly p
LAJ.k ( 2Dth +-E Dhlj)
j=1

- E  and

=

k
N

k
figure below

3 350.000
325.000

'150.000
300.000

Solution:

1pd, Baae
288, pean
158, Baep
IR, epak

1118634

CHT#

Gy MY gy
Loy ]
3
S

. UTT

) ke oy
K -

L3

A
Ca W Oy o Ty

L)

=

£EEZ

H Dist

AZ

H Dist

H Dist

AZ

Arca

Errer, Dist

Error, AZ



10 User Instruetions

INPUT

STEP INSTRUCTIONS KEYS ouTPUT

DATA/UNITS DATA/UNITS
1 Key in program B I Ijl f j
| 2 Enter beginning coordinates o BEG N__ | ENTA ||
. S B BEG E css || 1
3 Enter coordinates of next point and o N BNt ] |
compute horizontal distance and azimuth E lesn | 2 H Dist |
| /s | AZ (DMS)
,,,,,, __ Repeat step 3 for successive courses i .
For closed figure, compute area, error | GsB 3 | Area
distance, and error azimuth | R/s Error Dist
| R/s Error AZ |
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Ei
e
2z
p4
g5
3
87
i

— ks Iy
VTN MO

m b bk Fed bn b bk beny L
Doy ok Ty 1 b g Pt

ry

Bl

Ty v

o1

a0

[E = Ny

S I

7
-
7
-
7
K
3
K
-
4
o
I

B fof eyt T RO T

N N N Y e
rn

kN
Ty

~g 0

[ T N
Qrn

¥LPL]
TIvd
rLpL
eTny
My
aTne
Re
$LEL?

o
A

RCLI

*%% HD/Error Dist.

®&k AZ/Frror AY

fh*Area

REGISTERS

1

BEG

E 2

BEG

N 3

LAT

DEP

ool

Area

g

.5

17

18

19

20

21

23

24

25

26

27

29

Fdk Mpripg xY

may replace or

be used with "R/s"
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SIDESHGTS

This program is used to make sideshots
or radials from a point. Two methods R
may be used for a sideshot, 1) input a

; - 118, poeR ENTY
bearing and distance and calculate the 189, GBAE CORI
point coordinates, or 2) input the : 4'174,3 E;H*
point coordinates and calculate the s q;
azimuth and distance to the peoint. I.8068 CSp?

41742 orx A7,

Equatibns: 62.82e¢ R/E
o 1718558 ok N
= Ng + H Dist cos AZ RS
Ng + H Dist sin A7 184, F455 ik F
23, 1488 ENT?
Examplc: 2.8P@R GSH?
154, 4552 ¥xx A7
44,8988 R-G
£9, 3942 xxx N
k-5
199, 1384 wdx E
184, 88AR ENTH
128.ARAA LSBT
LB B276  xwy H Dist
()
268, 3216 ey AZ

==
It

J.eb.Li-PN
wen'zg

N100
E120




User Instruetions
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Repeat step 3 for all desired sideshots

l
|
|
|
|
J
|
|
|
|
|
l
|
|
|
|
I
|
|
]
l
]
|
l
|
I
|
|
|
|
|
|
|
I
I

STEP INSTRUCTIONS DATAUNITS KEYS DATAUNITS
| __1_|Key in_the program. [:::jl[—g—f
2 |Enter hub coordinates N LEEEE‘L_
. - E lespfl 2 [ | |
3a|For bearing Si_de_shgt?,Em;er bearing and quad- |BRG (D.MS (el [ |
rant; Qo less il 2 | |az v
_|enter horizontal distance and compute point H Dist | Ir/s || N
coordinates. IR/S || E
A*1f azimuth is known rather than bearing, I
enter azimuth with QD = 1. _ |
|
| 3b |For inverse sideshot: enter coordinates of N | ENT4
sideshot point and compute horizontal distapce | B | |GSB 3 _H_Pfﬁfmm_ﬁ
azimuth 'R/S AZ (D.MS)
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. KREN
81 ¥LBLI A
2 Fl H ks
83 [LRE 32 X2
4 ETO! 57 RCLY
i 5 + EAH
Bs 5T0Z a3 ReE
a7 1 6 wLBLZ
g F 57 FRCLL AR
£1a a a8 -
18 8703 588y
11 peg &8 RCLZ AN AR
12 ®lBL2 Bearing to Azimuth £l - Dist AZ
13 ey conversion routine 58 +F &% Dist
14 sy £ RoE
15 Xy £4 L7039
e ENTH £5  peZ
17 EWTt
18 2
18 :
28 INT
21 RCLZ
7om
240 K2y
25 R
26 RCLZ
22 ro8
29 X AZ
aa - mako
ER |az] < 360°
32 #F
Iz +P
34 wlpLa AY,
J5HEY
K1 AT
I7 ETas
I k)
39 £
48 g
41 +
42 ¥LBLE
43 &T04
44  SHME LR VA
4§35 R<E
46 RCL4
47 Xy
Z *
48 RCL2
REGISTERS
o, 2 N, 3 180 4 5
7 8 ' 9 .0 A
.2 3 4 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

*%% "Print X" may replacc or be used with "R/s8"
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COMPASS RULE ADJUSTMENT

This program adjusts a traverse by the
compass rule. It is intended to follow
the program "Field Angle or Bearing
Traverse" (with closure). However, if
the correct coordinates of the last
point and the total distance traversed
are known, these parameters can be used
in lieu of executing the closure
Program.

If this program is not used immediately
after "Field Angle or Bearing Iraverse"
(with closure) or the Storage registers
have been altered since the closure
Program was run, enter the following
data into the specified Storage rog-
isters:

Register Parameter:
1. Correct closing easting.
2. Correct closing northing.
5. Total distance traversed.
6. Calculated ending northing.
7. Calculated ending casting.

The Inverse program may be used to
obtain adjusted bearings, distances and
area.

Equations:

o = (AN) (Dist)

I, PDist
CD = (AE) (Dist)
¥Dist
Where: CL = Correction to latitude of
a course.
CD = Correction to departure of
a course,

AN = Closing latitude.

AE = Closing departure.
st =  Length of course to be
correctaed.
iDist = Total length of traverse

Example:

667.147 Total distance traversed
400.000 Correct closing easting
150,000 Correct closing northing
'399.783 Calculated ending easting
149.905 Calculated ending northing

POINT UNADJUSTED
NO., COORDINATES

2 N = 224,515
E = 561.615
3 N = 356.529
E = 468.600
4 N = 232.337
E = 307.150

If

Fnding & }N = 149.905
BeginningfE = 399,783

Solution:

B OORRE OTHo

JBE, BARE ST

q06, fegR 570!

aE7.HETE S

{ 8

3 &
,,',

Adj. N
Adj. E

Adj. N
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User Instruetions

STEP INSTRUCTIONS D AIT%’H,I.TS DSTUAIE:ITS
1 Key in the program S S |
2 | Storedata ... . | BegN_ 20
Note: If this program is run immediately | Beg E_ 1
following "Field Angle or Bearing Traverse'l, THDist 3 | ]
these values are already stored in the Cl LAT 6 I
correct registers. _ Cl DEP 7 .
3 | tnitialize -~ L
4 _Compute adjusted coordinates Unadj N |
B Unadj E | jadi N
| ladiE
|
*N.E. Coordinates must be reentered in the | I
same sequence as originally traversed, I
startin_g_____a_t_ the second point, _ _ |
|
|
|
I
I
|
I
I
|
I
I
|
I
|
|
I
I
I
I
|
I
|
I
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"
T
S
™y r
[y
cr

Pom Lok %k ke bt baa TR

b Ty LR P e By oma o

[

n

1 G Tad ] Fag v
Lo N e S

LT S
3 e T LD

d

PN
o a]

P
o

initialize

AR,
NDist

AN
rDist

(x> y)

}’.‘fc*Adj N

k%% Adj E

REGISTERS
0 ' Beg E 2 Beg N AR/ TDist 4 AL/iDist 5 nHn
®Closing 1aT|"Closing pEP|®  Adj E ® pist © !
2 .3 4 .5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

HAANMPy fne ¥

may be used o replace "R/S"
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CURVE SOLUTIONS

Given values for any of the following
pairs, this program computes the re-
maining parameters plus the sector, scg-
ment, and fillet areas: A and €; A and
R: A and Iy R and T; R and L; R and C.

Equations

LA = tan”! (T/R) = sin™! (%C/R)=%0L/wR
T = R tan (%4)
= 2T cos (3A)

R o= 1T/tan (A)=C/(2 sin (Js0))

. = Aw R/180

Sector area = LR/2
Segment area = Sector area-%CR cos (5sh)
Fillet area = T R-Sector area

!
[

Where: 1 = Tangent distance
¢ = Chord length
I. = Arc length
R = Radius
A = Central angle

FILLET
ARC LENGTH AREA

177.2585
(,//‘ ) SEGMENT AREA

PC PT

SECTOR
AREA

R = 22%.181
A= 457 300 23"

La= 227 457 g
¢ o= 172.636

T = 93.602

I = 177.258

Sector area = 19780.36
Segment arca = 2015.00
IFillet area = 1109.87

Solution:

FR3 otgin
Fapars PR S x M

fTa o

iSe, BARE

2231818

18786, 2562

3
¥
o
YT,
B3
¥¥E Yeclor Area
BB
¥¥#  Scgment Area
Bk
iy Fillet Area



User Instruetions
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STEP

INSTRUCTIONS

INPUT

OUTPUT

DATA/UNITS DATA/UNITS
1 | Key in the program fﬁ::il[ #kfl
| 2 | Initialize ) ) __ £
3 Store data for any one of the following pairs: A .
B A, R C
A, T T I
R,T L |
. RSL S —
i R,C ]
4 Run R
Af2
T
] C
L
Sector A
. | segment 4
Fillet A
| 5 For_a new case, po to step 2.
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R

[P R T S

e
DAty I SR R N

Pa e b e b

TaLgy PO Ty

have A,

R =§ (C,A)

I

£.(T,h)

wkk R

***A/z

Kdedk T

2o o) ot '
WAER (1

calculate

R

ha -
- s
CI A
e IS

&7 sLELS
o ~oE
B T
&9 RLLZ
el -
[ -
-y -
[ =)
)

[ g
e b
o4 Fi
i -
] -
-

Sk

=

Fil

-a

=

R =]

I S )

Eamo vy g g o

i T

fkxll

FeidSector

are:a

Rk Segment area

Rkl illet
have R, calculate

arca

A= 1 (1,R)

£ (C,R)

£ (T, R)

A

REGISTERS

T a/o

3 ¢

9 .0

5 16

18

19

20

21 22

23

24

25

26

27 28

29

e

AP intX”

may be

inscrted or used

to replace "R/SY




HORTZONTAL

This program calculates various field
data for layout of an horizontal cir-
cular curve. The required information
on the curve is the PC station and the
radius or degree of curve. With this
data one computes successively the arc
length, deflection angle from tangent
te chord, the long chord from PC to
current station, and the short chord
from previous station to current
station. In addition, the tangent off-
set and tangent distance are available
if desired.

Lf the central angle is kncwn the program
also will compute the total arc length
from PC to PT, the station PT and the
length of the tangent from PC to PT.

M the program, stations arc enterced in
the form XXXX.XX for station

XX+XX. XX, For example: 20 + 10,00 is
entered as 2010.00. The degree of

curve D, (or central angle subtending
an arc of 100 ft.)
degrees with a negative sign, always.

is entered in

PC Deflections

Ficeld data cutput for PC deflections
consist ofl:
STA-current station
ANC-=def lection angle from tangent to
long chord.
LC-long chord

from PC to current station

21

CURVE LAYOUT}K

5C-Short chord from previcus starion
to current station
4 A-central angle
Pl-point of intersection of tangents
PC,PI-ends of curve
L=Arc length
R-radius

Field data output for tangent olfscts
consist of:
STA-current station
Th-tangent distance
TO-tangent offsct

T-distance from PC to PI
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Example:

/ HORIZONTAL CURVE LAYOUT

Compute field data gor a curve with a
central ang%e of 35730' and degree of
curve of 12 30", The PC station is

7 485,40,
Solution:

725, 4888 ENT?
2.3880 CCR!
34888 iy

AN
458 T662 w4

iz
_1
!
hrd
78

8p0. beaa GOEZ
14,6688 xxx
R<&

B.5445  wax
k-8

14,5984 ¥y
RsE

14,5994 sx3
FCL2

H.2325  kaw
RCLS

14,5875 kxx

9ac. Ba0e GSEZ
114.6608 gy
RS
LT,
RS

114.3018  pri
RS

99,8012 wxy
RCLE

R £ X 3
RCLS
1124098 xay

14,251

Ty

(PC)
(R)

(For STA.
(L)

(ANG)
(LC)
(sc)
(T0)
(TD)

(For STA.
(L)

(ANG)
(LC)

(8C)

(TO)

(TD)

8)

1884, pang
214.6888

13.2445
212, 6454

89,8818
48,3252
28¢, 8455
15, 38e¢
284, aeaa
1862, 4888
146.7242

1869, 4888
284, BBaa

£OE?
EX¥
RS
rK¥
RS
[ 3¢5
RS
L%
RCLE
Y%
RCLS
Xx¥
6587
¥¥¥
RS
EX¥
pog
¥¥¥

GSE2
¥E¥
£8
rEN
BT
XX#
gog
¥

(For STA. 10)
(L)

(ANG)
(LC)
(5C)
(10)
(D)
(L)
(PT)
(T)

(Field data: PT)
(1.)

(ANG)
(1.C)
(5C)
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User Instruetions »

STEP INSTRUCTIONS DATAIUNITS KEYS DI?TT;E:.ITTS
1 Key in the program. o E;,i I ,7| ]
2 Input beginning station of curve PC B lEJEH rC

| 3 | Input radius ) R [G_S:_BJ | 1

or degree of curve (as a nepative number) -D{D.MS) GsB_] 17 ]

| | i I
3" |Radius or degree of curve are available if [RCL 1 R |

| [desired. | ke 12 D ]

4 | Input station STA lcsB 2 L.(Arc. leng)

R/S def. anglel
. R/ long chord
| o o _ _ |R/S short chorfl

47 | Tangent offset, TO, and tangent distance, ] | |

ID, are available if desired. fRCL 8 TO
RCL 9 TD ]
5 Input central angle A(D.MS) }GSB Arc. length
R/s station PT
IR/S T, length

[

|
|
l
|
|
|
|
l
:
|
|
I
|
|
i
|
|
|
|
|
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A9 &
e #
M =

gtz

SO L B T (R LT (R R T
]
o
Ly

2 Tl a ke ks b ke ko b R R -

Store R&D

Input PC

Calculate R from D

Input station

dadk )
Calculate L

e ohe
WY

“Calculate ANG

Calculate LC

g I

] Ty Ty Ty

]
oy

g
Z..l"‘l e U] T -

PO S o T

= BN B Bt R s |

[al

R N R R R e B
Lo Uef 123 b 150 L R )

L

Calculate TO

Calculate TD

dsp LC

ek

**%Calculate SC

90
TR

Input A

Calculate L
fhkF

Calculate PT

kR

PSR
WHW

Calculate T

REGISTERS

0 R 2 y/peflect [ P 4s5TA Current }¥ 10 ]
Yz T AN o °m 0 !
prov. Sta. | “ ° ' v
18 19 20 21 22 23
24 25 26 27 28 29

TR
WHR

indicates that

"Print X'

may be inserted or used to replace "R/SY,
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BEARING-DISTANCE AND
BEARING-BEARING INTERSECTION

This program computes the coordinates of
the point of interscction of twe lines:
1) one of known bearing through known
coordinagtes and the other of known
length from a point of known coordinates;
or 2) when the bearing of cach line is
known and the coordinates of a point on
cach line arc known. VFor the Tirst case,
both solutions may bce computed.

Fquations:

Bearing-Distance

Az, » = tan Ey =ty
Ny - N
h = Distyy sing

b = '/J)'[thz - h
N = Ny + {(Disty, cosd)+h) cos (Azg)

I = Ty + (Distys cosddtb) sin (Az))

where:  AZy, = Azimuth of linc from
peint 1 to point 2
Az, = Azimuth of line 1
i = Anglc between line 1 and
line from point 1 to
point 2
h = Perpendicular distance
from point 2 to linc |
5 = Distance {rom point ol
interscction to the
point where the perpendi-
cular (h) intersects line
1
Nisty = Length of Tine 2 (che
known distancoe)
N fE; = Northing, easting of point
1
NyEs = Noerthing, casting of point
2
Disty,= Distance 'rom point 1 to

point 2

Bearing-Bearing

N = N+ Dpist (cos AZy)
By o+ Dist {sin AZ))
= Dist 12 sin (A, — A%y 2)

jor)
i
o
ct
i

sin (AZ. ~ AZy)

whoere:
AZ1» = Azimuth of line {rom point

1 to point 2

AZ = Azimuth of line 1
AZo = Azimuth of line 2

Nit] = Northing, casting of point 1
Nok. = Northing, casting of point 2
N,E = Northing, casting of intecrscct
point
Dist = Distance from point 1 to inter-
section
Distyy = Distance from peint 1 to point

b

Example 1:

= 598.5457

miZ

400.000
E, - 600.000
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Solution:

208, BoE#
5@/, BaCR
45, 4558 E

N
L
xample 2:
(FAR SOLUTION-

AZIMUTH ENTEREDAS N = 693.2096
AWAY FROM POINT 1) E - 668.6089

(NEAR SOLUTION- /

AZIMUTH ENTERED /
AS ,’ t
TOWARD POINT 1) /
N - 342.0311 | LINE 2 DISTANCE =/
E - 250.0907 350.000
M 350.000
E. = 600.000
N, = 300.000 » = 600.000

E, == 200.000

1, AP0




User Instructions
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STEP INSTRUCTIONS DAIT':'?SLTS KEYS Dgrlffz:r"rs
1| Key in the program. [
2 | Enter coordinates of point 1 N1 lEnT4 | [ ] ]
El [6SB || 1 |
-3 | Fnter_coordinates of point 2 N2 Tl ]
| E2 Res 1T
4 | Enter bearing and gquadrant of_line ] BRG 1 |ENTT N I
| QD 1% lsg 1] 2 AZ 1 (D.d)
for store the azimuth of line 1) AZ* (D.d) ISTO s N
|_5a | For bearing-bearing: enter bearing and BRG 2 lenTa | |
_lquadrant of line 2 QD 2 ess 11 31 laz 2 .0
| (or store the azimuth of line 2); and Az 2 (.d)] |sTo 6
. compute infersect coordinates IGSB N
5b_| For bearing-distance*: store the distance IR/S . E
| jof line 2; and compute intersect coardinates Dist 2 |ST0 ?
- GSB 5
[R/s |

*Two. solutions are possible in the bearing=

distance case. To ohtain the near sclution

enter the hparing as into point 43 for the

far solution, enter the hpnring as away

from point 4
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al wiBL! Store Coordinates 58 Xy
g2 €702 31 KMer
a7 ¥} 32 RN
[ o rd
34 1 o el
oe o 54 6
g5 8 55 @
67 f Wi +
a8 gT0R ir RN
Ao Rt 38 wLEl4
18 5104 58 RSEE
12 §707 & - i .
'3 RN 62 CHE ALy —~ATy
= : 7 [
14 #LBL2 A
e £5 PRLLE
Y 3 )
17 RIN ¢ FILs
i . C’!‘- -
18 lBLZ £8 oM .
i CSeR 58 = Jist
£o §ToE 76 5708
L{ RTH ) ; 71 wlLBL®
A5 wlpLR Bearing rAzimuth 72 RCLS
‘;::' A:H Conversion = prLe
Be g 4 R K cos AZ;, X sin AZ;
2% X 73 ROLI L
25 ENT? o .
o7 EHTH o j
:n- El’g T BT BN
i) il -0 Yy
fel=] z [~ S
Tn TNT 7S RCLZ
il s o8 + EaE N
I ROLE ) :
7R 82 ¥LBLS
T4y 87 [SRE
Kiv) R 24 ROLE
25 ROLE 5] -
7 ¥ 2e N AZy = Adyy = P
e raoe 27 Xry
2 x AZ ge  sF
48 - g8 XXy
41 ETH af ¥2 T
42 ¥ BLE 2t FRCLT
47 R{L4 a0 yE
44 ROL? a3 -
45 - 84 fHS
Pk 3 [ o Pl
46 ROLZ oz rv .
47 RCLI ag +
48 A 87 oTaE
PERN “Distiy A%y, Ao
ey L &
REGISTERS
0 180 TN, 2 I 3N, 4, >N
} A
6 AZ, nist 2 12 used o 0
2 3 4 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

#%EMPrint X" may replace or be used with "R/S"
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DISTANCE-DISTANCE INTERSECTION

Given two lines, each of known length
and originating from two known points,
this program computes the intersection
coordinates, There are twe possible
solutions; this program calculates the
one found by proceeding in a clockwise
dircction from the first known point
to the second known point. The other
solutien is found by reversing the
entry of the known point coeordinates,

Equations:

1 Disty,” + Dist” - Dist,?

b = cos”

2(Disty) (Distyy)

A7 = t:’il’l—l By - Ky
D

N = Ny + sty cos {AZ - ¢)

E = E; + Dist) sin (AZ - ¢)

where: ¢ = Angle between line 1 and

line 1>»2
Disty, = Distance from point 1 te
point 2
Dist); = Known distance along line 1
NDists = Known distance along line 2
NjE 3 = Northing, easting of point 1
N,E = Northing, easting of inter-
sectioen point
A4 = Azimuth of line from point

1 te point 2

Examplc:

N = 139.0558
£ = 199.8925

N, = 17.382
E, = 147.747

Sblutioqi‘

fips

172, 1680 ENT?
1323778 GSR1Y
5. 56018 ENTt

26,8730 GER2

17,3820 ENTY

M7 P70 BSET
179,0058 ¢y

199.2925 iv g



User Instructions

INPUT QUTPUT
INSTRUCTIONS DATA/UNITS DATA/UNITS
Key in the program . -
Enter distances _ Dist 1
_Enter points 1 and 2% and calculate .
intersection —
N
E

* Two solutionsg are posgible.  For the

alternate solutions reverse the order

of entering points 1 and 2
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Pl sl
87 o
g3

a4 £TO5
BS  RTN
P& ¥LBL?
67 £TO?
8E  wey
B 8T
E
1oWLBLT
17 5Tnq
17 R

14 ere?
15 RCL4
16 ORCLE
17 -

18 RCL3
18 PrL
20 _

2t ap

=S o)
aTR;

Fals !J.:
24 RCLS
25 ge
28 +
o7 RCLE
fxoooye
CLE
I
T =

-

'
SN
RrLE
5P

i P Fn B e g Ba] Tl Tag fa,
T L O3 ]y

4

i +

el nooc

5 oy

7 TaepLr

- S ]
d4 B0
ar +
2 paC

Dist1o AZ

b A7

X |

REGISTERS

F

3

N»

Ey

Dist 1

Dist 2

Dist 19

9

5

17

18

19 20

21

22

23

24

25 26

27

28

29

k&% "Prine X may be uscd to replace "R/ST
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OFFSET FROM A POINT TO A LINE

Given the point of known coordinates with
a line of known bearing passing through
it and a second point of known coordin-
ates, this program calculates the offset
distance from the second point to the
line, the distance from the intersection
to the first known point, the coordin-
ates of the intersection, and the

azimuth from the point of intersection

to the second point.

FEquations:
4t = SN — A - 2
Disty /(NO ND© o+ (R Fy)
: = _ X (E - )2
DlStBI /(N0 Nl) { 0 EI)
Nl B LO— EB+ Noctn (AZBI) + NBtan (AZBI)
ctn(AzBI) + tan (AZBI)
L = E_ + (N, - g Az
1 g TNy~ Np) tan (Azyp)
Where: DistBO = Distance from point to
offset point
DistBT = Distance from base point
B to intersectlon point
DistTO = Distance from intersce-
’ tion point to offset
point
N.,E . = Northing, easting of
0’0 .
offset point
NB’EB = Northing, casting of
base point
NT’ET = Northing, easting of
S intersection point
AZBT = Known AYZ from base point

te intersection point

Example:

N 750.0009
E1119.9982

OFFSET

N 150.000

BASE £ 320.000

Solution:

156, BRPE

N 350.000

E 1420.000
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User Instruetions 33
STEP INSTRUCTIONS DA:'NATSJITS KEYS D‘:)TT’E:'TTS
L |Key in_ the program N E:::i]f ———I
2 | Store data B EEQ:J r L
B Ea sro || 2 |
- B No sto_|{_ 3 ]
Bp | BO 4] [
BRG#% lsto || 5 |
] ** | lsro || e
180 lsTO 7
3 | Run bse 1 Ny
R/S By
R/S 0.D.
R/S I.D.
R/s 0.AZ¥
*0ffset azimuth mayv be incorrect for |
bearings of 0, but for these cases, the
offset azimuth may be obtained by
inspection
*#%1f azimuth is known rather than bearing Az (H.MS) TO 5
1 TO 6
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B1 ALBLS
82 RCLT
83 RCLE
84 2
g5 =
86 INT
a7 x
BE RCLE
89 RCL7
1 x
ioes
12 RCLS
17 K
4 ¥
5 -
16 *iBLE
7o
18 R
15 P

2Ny

2 e

22 L7
2

bearing to azimuth
conversion routine

AZ

make IAZI 5_3600

S +
1 [HE
33 &8T.8
34 RAR
w5 RCLE
ST ¢

7 ROLS
ST
38 8Tl
&8 R/E
&l RCL3

2 RC.B
62

£4 FCLd
£5 RCLI

67 3F
&8 R/S
69 RCL!
78 RC.H

72 ORCL2

FdhN 1

***El

*#*%kof{sct distance

e

2¢ 6 73 RC.!
29 3] 74 -
ZE + 75 3P
a?tLBEi 7E R/S #%%inrerscet distan
28 BTOS . #a) 0 I.D. 0.D.
26 anc 78 R
& RTN %xxazimuth 78 *F
31 ¥LBLI A XY
22 E5h% 11 ROLS
32 RCL2 2 +
34 RCLI K
35 RLILE g4 1 N E
d&  TaN Y XEY
7 ET0R 86 RCLZ o
W’ ox 74
14 - g8 RCL4 HO ¥ ecalculated
48 ST0O pa  y=yn
4! PCL4 oR CThE
s RCLI S8 ORGLT 180
47 PPLE‘ 22 87-% AZ=180 results
44 - 83 lBLE
45 + 34 RCLE
46 - as 9
7 RCLE 9 @
48 ENT? a7 + + 90
' 9 cToe AZ = 9
REGISTERS
1 N, 2 N 3 Ny 4 Fg 5 PBRG/AZ
QD 7 180 8 tan AZ 9 used 0 1 ! ET.
2 .3 4 5 16 17
18 19 20 21 22 23
24 25 26 27 28 29

*k% "Printx" may be inserted or used to replace "R/S".



EARTHWORK

VOLUME BY AVERAGL FEND ARLA

Routines

labeled

1 and 2 calculate the

cnd area for any station, velume {rom

previous station,
volume to the present station.

accumulated
Inputs

and

arc the elevations and distances from
the centerline for all points of a

cross sccetion and the

interval from

the previous station.

Bquations:

1
vavg ~(|avea |+ [area, [) 1

Area = Y3[Elevy (11 Disty - HDist ) +

Where:

VOIUME

Elevy {H Disty~ HDist)) +

V avg
Area

I Dist

Elowv

Subscript

point

+ Flev  (H Dist) - Hbist)

-

Average volume betwoeen
two stations

Cross sectional arca at
a station

Horizontal distance
from centerline at
cross section

Llevation at a point

on the cress scction
Interval between
stations

i refers to current

Subsceript n refers to last

point

Numecric subscript refers to
point number

Ol _BORROW PIT

Routines labeled 3-6 calculate the vol-

ume ol

fill

which can be

taken from a

borrow pit given grid dimensions and
clevations at the grid interscctions.
is available for each grid

Volume

section

vo.lumoe

for

and also as
all

an accumulative

previous sections.

Tf several
horizontal
volumes of

calculated at

35

grid blocks have the same
dimensions, the sum of the
all these blocks can
once.

he

For example, if

three rectangular blocks have the same

dimensions,

the 12 clevations are entered

before pressing GSB 6.

Fquations:

Vo.l.A =

Vol =

Where: VolA
Base

Ht

Elev
Vol
width
Length

Example 1

CENTER LINE

% (Base) (Et) (Elev)

(Width) (Length) (FElev)

Volume of triangular
grid scction

Base of triangle
Height of triangle
Flevation of grid section
(depth of curt)

Volume of rectangular
grid section

= Width of rectangle

Length of rectangle

oo
o

[#+]
o
W
[=]
[

INTERVAL FROM

PREV STA
S 50.0
—-H DIST = 20.0-—
7.0 6.
-180 ) 7.0
— 0.
0.0 STA2 40 ’
100 6.0 ELEV=37D
1 \Vg 0.0
INTERVAL % 20 _\2/0
sl = 25.0 ’ 2.0

STA1
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Solution: Example 2:
cLRe 3q 12 23 25 2.9 25' 2.7 25 2
. .
0.9000 GSB2 1st Sta. 32,5-2‘7’ 2559.38 2625.00 2275.00
9.28808 ENT? Starting at 0/0 & CUFT CU FT CuU FT
8.p8B8 G581 Going CCW. '
B.ApAR ENTT 35’ 35 35’ 35
18.8888 CSB1
~2. 8908 ENTH
12. 8@an GSB1 , , ,
7. 8888 ENTP J5 2:1500 31 25 33 25
28. 9RBR {SRA QU FT | , ‘
§.8888 ENT? 127 103500 o0 83230 h2
-3, ARAA CSB1
7.Baan ENT2 3.8 25° 3.6 25" 2.2
~18. 8008 £SB1 CLE
-2.80808 ENTH 12.paBe ENTH
-‘Jé.gggg gﬁg; 35.Bgﬂﬂ 6583
. 2.3009 £5BS
~18.898¢ 581 3. 1988 CSBS
#.80a@ ENTA Reinput lst Elev & 3. 4840 GSBS
6. ug6a 6581 Dist. 0586
25,8008 (587 lst INT. 6716.8808 x¥x ¢, vol.
102, 8888 s¥4 vol. (total)
RCLS 25,8805 ENTH
1808098 xx¢ Vol. (internal) 35. 0989 (S84 el
3,18PR COBS 3.49R8 CSBS
2.9080 G5BS 3.6088p £SBS
2. 00888 ENTH 7.9080 GBS 3-532@ £585
Q.9808 ENTH 3.36888 GEBS %3?9 GSBS
12. 00928 (581 3.7088 0SRS n.ﬂ-aa BSES
-1.d028 ENT? 2.7088 GSBS 2. zae8 9§95
14.8088 6581 2.7088 GSRS 18675 6B ol
;; 'gggg gﬂg* 2.4889 CSBS - Sean g; -Vol.
‘ 581 2.8an8 §SBS
32- ggss 5381 7459,375§ xx G. Vol. -
. T
6. a48a G581 25,9088 ENTH
2;3332 EHT'P 12. 9908 GSE3
-21. 581 J.1888 GSBS
4. 888G ENTH 3.480% GSBS
-1:. ;gﬂag gﬁ?l 3.988¢ GSES
-1. ESBé
-151 gggg gﬁaﬁg 515. 0808 pk C. Vol.
-8. dead 6581
2.0888 ENTA
@ paaw GSB4

Sp.Apaa gsgz 2nd INT.

397, 6852 ¥k Vol. (total)
keis

497.6852 w¢¢ Vol. (internal)
RCLY

ZM.5088 ¥ Area



User Instructions ¥

STEP INSTRUCTIONS 5 A;'I:I\F;HJITS KEYS 5 leﬂsgers
1 |Rey in the program | R
VOLUME BY AVERAGE END AREA: , A R e e B
2 [Initialize | - _ Ledlree!| |
WB,WLEEtEEEEiQEHhaE_EEEQ end area go to step 6 [fffj]f;___l I
4. | Input elevation and distance from the Elev [ENT+ | ] ] ]
| |centerline ) Dist GSB 1
5 |Repeat step 4 working around the section until | — |

4{fLirst Elev. and Dist, have been reinput [
6 |Input interval from previous station and |

N
':
|
.
|calculate total volume Int. (ft) Bse |f 2 E;EQ})VQE;
(Note: input 0 interval if first starion) _ |~- II -
7 For volume of interval ] RCL I' 5_ In&éﬁ;iii_
8 |Foxr area of cross section _ ReL || 4 Area (ft?)
9 |Go to step 3 for a new section, Step 2 for a L
new case : :{ |
| _|VOLUME OF BORROW PIT 11l N
| 10 |Initialize _ e 1l 2
| 11a|For triangular area Base Exre ||
N | , Height ksp /1 3
11b|For rectangular area Width ENTf
N , Length | s 4
| 12 |Input as many elevations as needed to describe I N |
: each corner, pressing GSB 5 after each entry Elev bSB 5
13 |Calculate grid section wvolume | ©s3 6 C.Vol (fe*)
14 [Calculate accumulated volume R/s

(To convert cublc feet to cubic vards divide

by 27.)

I
|
I
|
;
|
|
|
|
I
|
|
I
|
|
l
|
|
: A.Vol (£t
|
|
|
|
)
J
|
|
|
J
|
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44 ¢1BL4
45 X
46 4
47 =
48 5T.3

| 49 x.BLa

Avg. End Area
routines

interval Volume

Clear registers

Total Volume

Borrow Pit routines

D

Ury Cre Try Y LA
Fu3 sea PR

ENTS
RTH
¥LBLS

oy re
s =)
= -
J rTy v

5+,2
RS
RC.2
RS

prepare for sub-
routine 5

wk%prid section
volume

#kkgccumulated
volume

REGISTERS

used

2
used used

used

Area

Int,

vol,

Tot vol

2

L Vol.

used

16

17

18

19

20

21

22

23

24

25

26

27

28

29

*%'"PrintX" may be used in place of "R/S"




COORDINATE TRANSFORMATION

This program translates, rotates, and Adjustment,

rescales coordinates. Traverse rota-

tion angle is entered as a negative COORDINATES 1IN COORDINATES IN

value for counterclockwise rotation and OLD SYSTEM NEW SYSTEM
positive for clockwise rotation. The .
translation factors are calculated by N_150.000% N 100.00%
entering old and new grid system E  400.000 E  350.00
coordinates for the same point;

N 224.540

rotation is also about this point. -
E 56l1.67

W

Equations:
a2 eIS. N 356,577

AZR = ¢ + tan_‘l _]Ei_ ]‘*E ¥ 468,710
N.- N

i N 232.414

E 307.327

H Dist_ = SY/(N.~ N )? + (k.- E )2 ]
8 L p 1 P * Rotated about this point

Rotation Angle = -3° 00' 00"

N = H Dist cos (AZ ) + N Scale Factor = 1,00
] R T
Solution:
noo= -'._* - £ " " + !
T H ])JsLS sin (A/R) ]:.T e

I, aper -

1 2l
Where: AZ_ = Rotated azimuth 158, pRpe
R 480, B8pE oy
¢ = Rotation angle 100, BR8D F
N,E, . . I
il = Northing, easting of ;FZH(;P
current point before ;f‘::ffp
transformation ,:._- ”F
N E = Original northing, casting B 87ES N
PP of pivot point ey
: . . T NEaL .
H Dist = Scaled horizontal 413, 3528 L
E M INE,5ETR
distance " 7
. - -y iy
S = Scale factor ‘*;8- _{3;
TR £
N,F = Northing, easting after SRR N
transformation g gren
N, ,E. = Northing, casting of 423, 4262 E
Ty . _ 232, 4145
pivot point after . sk -
transformation SEhe s Taky
1R?, 1512 * N
Note:  The scale factor is taken as =
npe mpmn
21T [ FAPCH I ) E

one, unless the new grid system
is te a different scale,

Lixample:
Coordinates before transformation
are those computed by Compass Rule
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User Instruetions

OUTPUT
STEP INSTRUCTIONS DA'TNATSJWS KEYS DATA/UNITS
Key in _the program _ ] ] |7 - -
Store rotation angle and scale f ol (H.Ms) | STO—H 2 I
(scale factor usually = 1) — S ] [SE——OJ | 6 I
3 | Tnput N and E of pivot point in old system N FENT@ l | ]
E lesg |{ 1
4 |Input N and E of pivot point in new system N |ENT¢| f | ]
E lcsB || 2
5 Calculate transformed coordinates N EnTt | |
_E esp |1 3| | N
lR/s E
6 Repeat step 4 for all points l




#1oyiDLt

az STz

LS 4

B4 ETO

#:  RTH

e wlbL e

A7 5T

2 Xy

aa  5ro3

& RTH

15 ¥lPLz

12 ROLZ

1z -

14 !‘!:U

5 RILY

16 -

w *P

18 ROLE

12 H Dist

a1 rambty 5

1 (R o

21 RCLE

22 *H AZ_ Note sign

a3 - R .

&3 convention

24 BY

2% 2F

26 RCOLZ

7 + Nk |

29y

28 RCL4

31 + f%% |

32 ReR

REGISTERS
N E 3
1 P 2 p NT}
7 8 g
S
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NOTES



In the Hewlett-Packard tradition of supporling HP programmable calculators with quality software, the following
titles have been carefully selected to offer useful solutions to many of the most often encountered problems in your
field of interest. These ready-made programs are provided with convenient instructions that will allow flexibility of
use and efficient operation. We hope that these Solutions books will save your valuable time. They provide you with a
tool that will multiply the power of your HP-19C or HP-29C many times over in the months or years ahead.

Mathematics Solutions -
Statistics Solutions
Financial Solutions

Electrical Engineering Solutions
Surveying Solutions
Games
Navigational Solutions
Civil Engineering Solutions
Mechanical Engineering Solutions
Student Engineering Soilutions -
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